INTERNATIONAL ISO
STANDARD 20426

First edition
2018-05

Guidelines for health risk'assessment
and management for non-potable
water reuse

Lignes directrices pour l'appréciation et la gestion du risque pour la
santé relative a la réutilisation,de l'eau pour des usages npn potables

Reference number
1SO 20426:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=8a273f883f0eb4a035d670f30ad64018

ISO 20426:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=8a273f883f0eb4a035d670f30ad64018

ISO 20426:2018(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms, definitions and abbreviated tEIMIS ... 1
4 Concepts of health risk assessment and management for non-potable water reuse......... 2
4.1 Risk assessment and management framewoTrK ... 2
4.2 Scope of end-uses of reclaimed WAtET ... g e e 3
4.3 Risk management framewWork ... d oo e 5
5 Health risK aSS@SSIMENL ... o e
51 Identification of hazard and hazardous events
5.1.1  Constituents in SOUICE WALET ...t boreseesseees e
5.1.2  Hazardous events, exposure route and exposure at'end-use...........fonn 6
5.2 Assessment of risk levels
5.2.1  Qualitative risK aSSeSSIMENT . . ... e e 6
5.2.2  Quantitative risK asSeSSIMENT ... e 8
5.3 Limitations and UNCertainties. ... Sl 8
6 RISK MANAZEIMEIIT ... A e
6.1 Risk management with risk control measures.............ed
6.2 SOUICE CONEIOL MEASULES .....oooererieee s N et
6.3 Treatment CONLIrol MEASUTES........cccwv oo
6.3.1  Treatment barriers and monitoring methods
6.3.2  Monitoring of reclaimedswater qUAlItY ...
6.3.3  Performance controlpoints (PCPs)
6.4 Measures of eNd-USE CONTLOL ...
7 MOTUEOTTIIE ... e ettt
7.1 General
7.2 Compliance monifgring..............
7.3 Performance nronitoring............ce.
7.4 Quality controland quality assurance...
Annex A (informative)\Pathogens that are often detected in raw wastewater .......................| 17
Annex B (informativé) Quantitative health risk assessment.................cooocccs] 18
Annex C (informative) Examples of PCPs and monitoring parameters................. 20
Annex D (informative) Example of performance and compliance monitoring parameters in
water reclamation system
Bibliography.............iiiiiiiiiiiiii

© ISO 2018 - All rights reserved

iii


https://standardsiso.com/api/?name=8a273f883f0eb4a035d670f30ad64018

ISO 20426

:2018(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The reaffirmation of the importance of water along with food security and energy was a significant

outcome in the actions and the follow-up framework passed at the United Nations Co

nference on

Sustainable Development (Rio+20). Water is an indispensable resource for sustainable development

including the eradication of poverty and hunger, public hygiene, food security, water power,

agriculture,

and development of farming and remote communities. In the management of water resources, essential

actions include: the prevention of water contamination by households, industries, and
more efficient water usage and the treatment and reuse of wastewater as a water resource,
in growing urban areas.

agriculture;
particularly

Todaly, with many regions of the world facing potable water shortages, wastewater reuse ‘ca
alterpative water source that is suitable for satisfying the majority of water demands, with
exception of drinking and cooking which require higher water quality. On the other han

applications and uses, as well as the development of methods to assess.and manage
both regulator and user sides. Unless these needs are addressed, ‘opportunities for

ether they are the intended users of the reclaimed water_6r not. Contact with reclaimg
occuf during the collection and treatment of wastewater, treated water storage and disti
use ¢f reclaimed water, or after use. Health risks may also'be present during the operat
maintenance work of the facilities and processes. These health implications can be mode;
case$ and serious in others, and continue for a short,Mioderate, or long period of time.

This|document can be useful for the applicationzof management system standards, such
and 1isk management standards, such as ISO 31000.
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Guidelines for health risk assessment and management for
non-potable water reuse

1 Scope

This document aims to serve as technical guidelines for the assessment and management of the health

risks
use d
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Normative references

Terms, definitions and abbreviated terms

aSSoCiated Wit patitogerns Comtaied I Teciained WateT, WiTITIT are eXpected to be T3
f reclaimed water, and/or by the production, storage, and transportation of reclaimed

document is applicable to the use of reclaimed water made from any source water(i.e. 1
ge; treated municipal wastewater; industrial wastewater; stormwater potentially in
ge) and for non-potable water reuse.

The approach described in this document can be applied to chemicalontaminant, if app

following documents are referred to in the text in suchya“way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced degiment (including any amendme

0670:—1), Water reuse — Terminology

he purposes of this document, the terms and definitions given in ISO 20670 and the foll
nd IEC maintain terminological ddtabases for use in standardization at the following g

EC Electropedia: available-athttp://www.electropedia.org/

SO Online browsing platform: available at https://www.iso.org/obp

used by the
water.

aw sanitary
fluenced by

licable.

heir content

applies. For
hts) applies.

bwing apply.

ddresses:

ater Safety

3.1 | Terms and definitions

3.1.1

disability-adjusted life years

population‘metric of life years lost to disease due to both morbidity and mortality
[SOURCE: WHO (2016) Quantitative Microbial Risk Assessment: Application for W
Man 5C1ucut]

3.1.2

dose-response assessment
determination of the relationship between the magnitude of exposure (dose) to a chemical, biological or
physical agent and the severity and/or frequency of associated adverse health effects (response)

[SOURCE: WHO (2016) Quantitative Microbial Risk Assessment: Application for Water Safety
Management]

1) Under preparation. (Stage at the time of publication ISO/DIS 20670:2017.)
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3.1.3
hazardous event
event in which people are exposed to a hazard within the system

Note 1 to entry: It may be an incident or a situation that introduces or releases the hazard to the environment in
which humans are living or working; amplifies the concentration of a hazard; or fails to remove a hazard from
the human environment.

[SOURCE: WHO (2016) Quantitative Microbial Risk Assessment: Application for Water Safety
Management]

3.1.4
non-potable water reuse
water reuse|except reuse requiring drinking water quality according to local jurisdiction

3.1.5

pathogen
microorganjsm (e.g. bacteria and viruses) and parasite (e.g. protozoa and helminths) that can 3ffect
human health and cause disease

3.1.6
performance control point
activity, prdcedure or process where control of performance can be applied, and that is essential for
preventing hazards that represent high risks or reducing them to aceeptable levels

Note 1 to entfy: See Australian Guidelines for Water Recycling [NRMME,\EPHC, AHMC (2006)].
3.2 Abbr¢viated terms

BOD  biochemical oxygen demand
DALY disapility-adjusted life years
MLSS mixed liquor suspended solids
PCP  perfprmance control point

QA quality assurance

QC qualjity control

TSS  tota] suspended solids

uv ultraviolet irradiation

YLD  years livied with disability

YLL  yearsoflifetost

4 Concepts of health risk assessment and management for non-potable water
reuse

4.1 Risk assessment and management framework

There is a possibility that reclaimed water contains hazards that can potentially affect human
health. The goal of the risk assessment and management process is to estimate and reduce the risk of
adverse outcomes to a level acceptable to society and the local community. A health risk assessment is
undertaken to establish standards or performance goals which are used as a basis for the design of the
treatment steps. In addition, health risk management is also implemented to ensure that water of a safe

2 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=8a273f883f0eb4a035d670f30ad64018

ISO 2042

6:2018(E)

quality is provided to end-users. A generic framework of health risk assessment and management for
non-potable water reuse is shown in Figure 1.

Identification of
hazard/hazardous events
- source of hazards
- exposure route and
exposure
(Clause 5.1)

Evaluation/addition of
risk control measures

On-going
review and
improvement
planning

a) Source control

Assessment
of risk levels
(Clause 5.2)

Very low
or Low

b) Treatment control
¢) End-use control

> Moderate

Implementation

Monitoring
(Clause 7)

Figure 1 — Framework of health risk assessment and management for non-potable v

Supporting Requirements
- Training
- Documentation

4.2 | Scope of endrusés of reclaimed water

This|document can-Cover any kind of source water such as domestic/urban/industrial wa
the dase where industrial facilities are located within the catchment of a wastewater trea
the 1jisk for-high contaminant loadings (e.g. chemicals, pathogens) from industries to th
wastiewater-should be taken into consideration. The main water reuse categories coy

doculment are shown in Table 1.
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Table 1 — Categories of non-potable reuse applications (adapted from Reference [22])

Category

Potential application

Issues/constraints

Agricultural uses

— Food crop, eaten raw, processed or
cooked

— Pastures for milk and/or meat
production

— Fodder and industrial crops

— Ornamental plant nurseries

— Health risk related to food
products and direct contact with
reclaimed water

— Water quality impacts on soils,
crops, and groundwater

— Runoff and aerosol control

— Farmers acceptance and

marketing of crops

— Buffer zone requirements'if
applicable

Lapdscape
irrjgation uses

— Golf courses and landscape
— Public parks, private gardens

— Roadway medians, roadside
plantings, greenbelts, cemeteries

— Health concerns related to difect
contact with reclaimed water

— Water qualitylimpacts on
ornamentalplants

— Runoffand aerosol control

Urban
uses

Noh-potable urban
uses

— In-building reuse, toilet flushing
— Landscaping (see irrigation)

— Air conditioning, fire protection
— Commercial car/trucks washing
— Sewer flushing

— Driveway and tennis count
wash-down

— Snow melting

— Heavy construction (dust control,
concrete curing \fill compaction, and
clean-up)

— Health risk related to direct
corntact with reclaimed water

— Scaling, corrosion, fouling, arjd
biological growth

— Cross-connection with potab
water supply

[¢°]

Recreation and
environmental uses

— Recreatjonal impoundments
— Wetlands or biodiversity restoration
—£-Snowmaking

= Environmental enhancement
(freshwater or seawater protection)

— Fisheries

— Artificial lakes and ponds

— Health risk related to
accidental ingestion or direct
contact with reclaimed water

— Eutrophication (algae growth
due to nutrients

—

— Toxicity to aquatic life

— Cooling water

— Health risk related to cooling
tower aerosols

Industrial
uses

n -l £ pu | b
= DUIICT 1ITCTU Wdltl
— Process water

— Heavy construction in industrial
parks or areas

— Blowdown disposal

— Scaling, corrosion, fouling, and
biological growth

The detailed explanations of categories of non-potable reuse applications, which are included in Table 1,

are as follows:

Agricultural uses: Agricultural uses include the use of reclaimed water to irrigate food crops, and/or
non-food crops. Users of this document can refer to the following ISO documents.

— 1S0 16075-1
— IS0 16075-2

© ISO 2018 - All rights reserved
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[SO 16075-3

ISO 16075-4

Urban uses: Urban uses include the use of reclaimed water for non-potable applications in municipal
settings including recreational field and golf course irrigation, landscape irrigation, fire protection and
toilet-flushing. Users of this document can also refer to the following ISO documents.

— 1S0 20760-1
— 1S020760-2
— 10O 207614
Recrpational and environmental uses: Recreational uses include the use of reclaimed water in an
impdundment in which no limitations are imposed on body-contact water recreatioh activities.
Environmental uses include the use of reclaimed water to create, enhance, sustain, or augment water

bodi
the f

]
]
]
Indu

b

s, including wetlands, aquatic habitats, or stream flow. Users of this doeument can
bllowing ISO documents.

SO 20760-1
SO 20760-2
SO 20761

strial uses: Industrial uses include the use of reclaimed municipal wastewater fq
rocess and related applications that do not requirezpotable water including power geng
rocessing, pulp and paper, oil and gas industries.

hlso refer to

r industrial
bration, food

4.3 | Risk management framework

Risk|management framework and risk management planning are essential to implement safe water

reus¢ schemes and to ensure complianee with reclaimed water quality standards. Thig framework

typiqally includes four requirements {24],

a) Responsible use of reclaimed water: Engagement of agencies with expertise in wjter supply,
astewater management and protection of public health.

b) Regulatory and formalrequirements: Identification of all relevant regulations, guidelines, and local
equirements.

c) IPartnershipsiand engagement of stakeholders: Identification of all agencies with responsibilities
nd all stakeholders influencing water reuse activities.

d) Reclaimed water policy: Development of a reclaimed water policy, permits and specific contracts

ithnend users.

The risk management framework is used to develop a management plan that describes how the water
reclamation system should be operated, monitored and managed. It is normally developed by a team
comprising of representatives from various sectors with sufficient knowledge and expertise. These
members typically include, but are not limited to, recycled water suppliers (e.g. technical staff), key
decision makers, risk experts, regulatory agencies, local government and end-users. Other stakeholders
such as the public are also invited to participate, as necessary.

2) Under preparation. (Stage at the time of publication ISO/FDIS 20761.)
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5 Health risk assessment
5.1 Identification of hazard and hazardous events

5.1.1 Constituents in source water

Municipal wastewater can contain pathogens that can cause adverse impact on public health;
consequently, human health hazards for non-potable water reuse applications are mostly related
to these pathogens. Wastewater can also contains numerous chemical constituents, but experience
with reuse applications to date indicates that chemicals present in reclaimed wastewater generally
complies wij Tk i i T i tals,
organic chemicals, pesticides and disinfection by-products(24]l. Therefore, although it is recogni
that under fertain circumstances, such as spill-events, and high industrial contributions.to s
these constituents can pose a hazard, the subject is beyond the scope of this document. Rath6geng that
are typically identified in raw wastewater and are considered as key microbial hazards, are shown in
Annex A.

5.1.2 Hazardous events, exposure route and exposure at end-use

In addition to the identification of the key microbial hazards, the first stepof risk assessment includes
the identificption of the most probable hazardous events, exposure routés’and exposure, which degends
on the type|of end-use and the configuration of the water reuse scheme. The most common potential
hazardous gvents associated with human health risks at the points of use of reclaimed water in{non-
potable watpr reuse projects are as follows[24]:

a) Potential non-compliance of reclaimed water quality duge to failure of treatment or contaminption
of storage and distribution system;

b) Potential for deliberate or inadvertent misuse of reclaimed water (e.g. ingestion);

c) Accidental exposure to reclaimed water whieh arise from design or operational deficiencieq (e.g.
pipe bursts or leaks, inadequate irrigationtiming);

d) Accidental exposure to reclaimed water caused by end-use system failures resulting from sabgtage,
natural|disasters, or extreme weather conditions;

e) Cross-cpnnection to higher guality water sources (e.g. drinking water) or to lower quality water
sources} and

f) Inadeqyate education@nd information about permitted uses.
5.2 Assegsment ofirisk levels

5.2.1 Qudlitative risk assessment

Once all of the risks associated with a given water reuse scheme have been identified, the level of
each risk needs to be comprehensively assessed to establish priorities for risk management [20] [24],
Qualitative risk assessment is based on a combined evaluation of the magnitude of consequences and
the likelihood that those consequences can happen. For the non-potable reuse projects, the qualitative
risk assessment is the most appropriate and economically feasible methodology.

Consequences: For each hazard identified, the consequences that result from exposure to the hazard
need to be clarified. “Consequence” in health risk assessment indicates a potential adverse health impact
of hazard exposure scenarios. Consequence analysis can be performed through qualitative evaluation
with a descriptive representation of the likely outcome for each hazard/hazardous event. Consequences
in terms of adverse public health impacts can be classified into five categories in terms of a qualitative
descriptor (for example, a scale of ‘1 = insignificant’ - ‘5 = catastrophic’ for event consequences). See
Table 2.

6 © ISO 2018 - All rights reserved
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Table 2 — Suggested measures of consequence or impact (adapted from References [19] and [24])

Level |Descriptor Description of health impact level
1 Insignificant |Hazard or hazardous event resulting in no or negligible health effects compared to
background levels.
Minor Hazard or hazardous event potentially resulting in minor health effects.
Moderate Hazard or hazardous event potentially resulting in a self-limiting health effects or
minor illness.
4 Major Hazard or hazardous event potentially resulting in illness or injury; and/or may lead
to legal complaints and concern; and/or major regulatory non-compliance.
5 Catastrophic Hazard or hazardous event potentially resulting 1in serious 1llness or injury, or even
loss of life; and/or will lead to major investigation by regulator with proségution likely.
Likelihood: The risks also need to be evaluated in terms of probability of occurrence. “Likelihood” in

health risk assessment indicates the probability of occurrence of a hazardous evernt, in a ceftain period

of tie, with potential harmful effects. Likelihood analysis can be performed through his
revigw or assessment of human error, fault trees and event trees. Likelihood aSsociated wit

wat

is determined mainly by the probability of human contact/exposure to hazardous

torical data
h reclaimed
substances/

evenfs. The human contact/exposure can occur through the combined\ikelihood of two scgnarios:

a) PPotential for human exposure to aqueous media containing hazatrdous substance(s), and

b) Probability of presence of hazardous substance(s) in reclainied water.

As likelihood of the issues increases, the level of risk in€reases. The level of likelihood of occurrence

can be prioritised according to the following qualitative descriptors: a scale of ‘1 = rare’ 4 ‘5 = almost

certdin’ for event likelihood. See Table 3.

Taple 3 — Suggested measures of likelihoed that exposure events can happen (adapted from
Referénces [19] and [24])

Level |Descriptor Example description

A Rare Has not happened in the past and it is highly improbable it will happen in the
reasonable period.

B Unlikely Has not'happened in the past but may occur in exceptional circumstances |n the
reasonable period.

C Possible May-have happened in the past and/or may occur under regular circumstgnces in the
reasonable period.

D Likely Has been observed in the past and/or is likely to occur in the reasonable pgriod.

E Almost ¢ertain |Has often been observed in the past and/or will almost certainly occur in most
circumstances in the reasonable period.

NOTE Thesreasonable period depends on the level of risk and local jurisdiction.

Risk|level: Each risk needs to be evaluated qualitatively based on the levels of consequences and

likelihood. The level of qualitative risk can be expressed by the following formula: a scale of ‘1 = very
low’ - ‘5 = very high’, as shown in Table 4.

Level of risk = Likelihood x Consequence

If an event is likely to occur and has major consequences, the risk is categorised as a “high” risk. In
contrast, any unlikely event with minor consequences is categorized as “low” risk.

© ISO 2018 - All rights reserved
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Table 4 — Suggested risk evaluation (adapted from References [23] and [24])

o Consequences
Likelihood ——— - ; .
1-Insignificant 2-Minor 3-Moderate 4-Major 5-Catastrophic
A-Rare Very low Very low Low Low Moderate
B-Unlikely Very low Low Low Moderate High
C-Possible Low Low Moderate High High
D-Likely Low Moderate  |High High Very high
E-Almost certain Moderate High High Very high Very high

Ifariskisr
level. The a
health risk i

Outlining thle type of response at different risk levels provides guidance for the risk evaluation stg

the process
— Very loy
Modera

522 Qug

Quantitativg
e.g. where e

a detailed ctl:lantitative risk assessment is possible only fora limited range of contaminants, and
u

with high
quantitative

5.3 Limitlations and uncertainties

The risk as{
or a single

decisions; thus, there can be some uneertainties associated with unpredicted hazards and hazajy

events. For ¢

The knowle
the hazards
with knowld
waters (incl
literature rq

The application 6f-best operation and application practices to improve consistency in mainta

reclaimed W

hited as ‘moderate’ or higher, it requires preventive risk control measures to lower thg
m of risk management is to reduce the level of all risks to ‘very low’ or ‘low’. Vexy
5 not common for non-potable reuse.

ns described with generic examples below.
v - Low: (Inherent risk) No specific actions required.

Le - Very high: Reduce risk levels with risk management (See 6.13:

ntitative risk assessment

e risk calculations is reasonable to adopt in water reuse 'scheme with ‘very high’ health|
kposure of humans to reclaimed water is likely (such as domestic use) to occur. In any

certainties due to numerous knowledge gapstDetailed information on the methodolo
risk assessment are shown in Annex B (adapted from Reference [24]).

essment with the identification‘of combined hazards (e.g. presence of multiple patho
hazard (e.g. a specific pathogen) is a predictive activity that is very subjective to u

bxample, changes in contaminant concentrations over time can be difficult to predict.

dge uncertainty linked with an inadequate state of knowledge of the characterizati
and hazardous eyeifits can impede from a comprehensive risk evaluation. Risks assoc
dge uncertainty)can be reduced by performing a comprehensive characterization of s
ding weeklyzand seasonal variations, and cultural background), feedback from operat
views andy ultimately, by conducting research and development for target hazards.

ater‘quality targets and the implementation of complementary barriers and measurg

risk
high’

ge of

risk,
case,

this
gy of

rens)
sers’
dous

bn of
jated
urce
ions,

ning
s for

health prote

ctionaranrauvan mathaodc 0 ~chinun cafo vaatnr rancn nrainctc
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6 Risk management

6.1 Risk management with risk control measures

Once hazards and hazardous events are identified through a risk assessment (see Clause 5), a risk
management plan should be developed to minimize the potential for adverse health impacts on end-
users. The risk management plan describes how maximum inherent risks for a specific application are
to be managed and which control measures need to be implemented to reduce the level of residual risk

to a minimu

m or acceptable level, e.g. low and very low risk level[24][26],

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=8a273f883f0eb4a035d670f30ad64018

ISO 20426:2018(E)

An overview of the risk assessment and management approaches is shown in Figure 1. Although it is
essential that any risks associated with operational actions at water reclamation plant (e.g. handling
and storing chemicals, collecting water samples, entering confined areas, etc.) are assessed and
controlled through safety control and risk management, the guidelines presented here focus only on
water quality-related health risks. Risk control measures associated with occupational health risks can
be considered in accordance with the relevant ISO standards such as ISO 45001. Environmental and
agronomic risks, related to crops, soils and water bodies can be assessed and managed according to the
relevant ISO standards such as ISO 16075-1 to 4.

Step 1 - Risk level evaluation: Maximum inherent risk for a specific hazard and/or hazardous event is
evaluated for a specific end-use, and wastewater source, through risk assessment. An example of risk
assefSment and management for residential use 1s shown 1 Iable 5. Although each hazardous event
(e.g. Inadvertent misuse of reclaimed water) and chemical constituents can be important il some cases,
risk pvaluation for non-potable water reuse particularly focuses on the most impoxtant health risk -
micrpbial risk related to pathogens. If the target is evaluated as “low” or “very low’risk, no|risk control
meagures need to be provided to reduce health risks.

2 — Addition of risk control measures: If the target is classified into the|category of “moderate” or
b1 risks, additional risk control (preventive) measures need to be considered. Control njeasures are
vater can be
ensive from

Step
high
the actions that are taken to reduce potential risks to an acceptable levelso that reclaimed
safely used without causing adverse health effects. Risk control measiires that are compreh
sourge to the end-use point include the followings:

a)
b)
‘)

q

ource control that prevents hazards from entering to the{water reuse scheme;
freatment control that removes hazards from the source water;

end-use control that reduces the risk of exposure-at the point of use.

In ng
aret

Risk

n-potable water reuse systems, a combination of treatment control and end-use contr
ypically incorporated to provide a safe quality of reclaimed water for the specific reuse

control measures can be most efficient when they are implemented as close as poj

ol measures
application.

sible to the

rds or hazardous events. The selection of risk control measures should be based on t
ria [24]:

haza
crite

he following

gost;
intended use and public access;
4

|

bxisting treatmentfacilities;
and availability;

1

echnicalexpertise.

Cont uch control

meas

rol’ measures performance (e.g. removal) is also a selection criterion. Details of §
ures are described in the following clauses

Step 3 - Re-evaluation of risk level: The health risk associated with the target contaminant is re-
evaluated with the control measures determined in Step 2. If the resulting risk classification is
“moderate” or higher, additional/alternative risk control measures need to be identified, considered
and implemented until the target hazard or hazardous event is evaluated with “low” or “very low”,
at which point the water reuse scheme can be safely implemented and managed. A multiple-barrier
approach with multiple risk control measures (e.g. water reclamation processes, public access control,
and additional health safety barriers) can significantly reduce the risk levels. The application of a
multiple barrier approach provides more reliable risk management with less variability in performance
than a single barrier [24].

Step 4 - Monitoring: Monitoring of water reuse projects is important to ensure that a safe quality of
reclaimed water is provided to end users without causing adverse health impacts. Details of monitoring
procedures are provided in Clause 7.
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Step 5 - Supporting requirements: All individuals who are involved with water reclamation schemes
(e.g. operators and end-users) should be appropriately trained to attain sound knowledge and sufficient
skills. Training improves the likelihood of compliance with the risk controls determined in the risk
management plan. Developing a system of documentation, including regular reporting, is an essential
component of operating water reclamation schemes. Records including water quality, operating
parameters and incident reports are evidences of compliance with the risk management plan. An audit
may be conducted every certain period. These reports also allow for the review of the performance of
the existing scheme and planning for continuous improvement.

Table 5 — Example of risk assessment and management for potential contact with pathogenic

bacteria in i - = = = avel)
Source ) Maximum . Resi .
. . esidual risk
Hazard |wastewa- Intended | Considered inherent risk Risk control
end-use event measures
ter C L R C L R
Pathogenic |[Municipal |Residen- |Infection Major |Likely |High |Source control |Majer |Rare |Law
bacteria wastewa- |tialuse |through Treatment
ter contact V\_llth control
or ingestion
of reclaimed End-use€ontrol
water

6.2 Sour¢e control measures

The pollutdants in industrial wastewater may compromise“municipal treatment processds or
contaminate¢ the treated effluent by pass-through [28]. Therefaré; control of industrial discharge negds to
be taken intp account in cases where industrial facilities are [ocated upstream of municipal wastewater
treatment plant. Depending on the risks identified, a m@nitoring program of chemical substance$ and
pathogens dan be defined. These discharges are controlled through industrial preliminary treatment
in accordanfe with local regulations and/or best*available technologies. Specific attention shou|d be
focused on fhospital discharge in case that hightconcentrations of contaminants such as pathogens,
pharmaceutiicals and health-care products arereleased to the sewer. In addition, a monitoring program
of these pollutants in the discharge with appropriate frequency are also important. In this |case,
regulations [that prevent undesirable egneentrations of pollutants from entering the intended water
reuse schenje are very important.

6.3 Treatment control measures

6.3.1 Treptment barriers and monitoring methods

The use of tfeatmentbarriers is an effective and commonly used strategy to reduce the residual health
risks in reclpimed Water. The required level of treatment is determined based on the degree of reqhiired
water quality, #hich is ultimately associated with intended end-use. It is noteworthy that treatment
control is typically carried out along with end-use control to ensure public health protection. TyJpical
treatment for non-potable water reuse includes, but is not limited to [1Z]:

— Preliminary treatment - Treatment for the removal of debris, grit, coarse solids, fats, oils and grease
reduction;

— Primary treatment - Treatment for the removal of floating and settleable substances (e.g. primary
sedimentation and chemically enhanced primary treatment);

— Secondary treatment - Treatment for the removal most of the organic matter (carbon), nutrients,
total suspended solids (TSS) and inhibitor of disinfection (e.g. activated sludge + sedimentation; bio-
discs or trickling filters + sedimentation; biofilters, constructed wetlands; and stabilization ponds);
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Tertiary treatment - Treatment for the removal of residual TSS and other constituents remaining
after secondary treatment (e.g. coagulation/flocculation; granular/sand/media filtration; and
membrane filtration);

Advanced treatment - Treatment for the removal of total dissolved solids and/or trace constituents
as required for specific water reuse applications (e.g. activated carbon adsorption, reverse osmosis,
and advanced oxidation processes);

Disinfection - Treatment to reduce the pathogen content most commonly accomplished by the use
of chemical oxidants (e.g. chlorine based oxidants and ozone), and ultraviolet irradiation (UV).
Disinfection can be used after secondary, tertiary, or advanced treatment as necessary; and

reuse water

q

A m{
path
impd

in the distribution system to control regrowth of microorganisms or-fécontamination.
ndary/tertiary treatment processes (e.g. membrane filtration) “are also capable
bgen content and enhancing disinfection by removing particulaté matter prior to disinffection [171,

secol
path

Somy¢
achid
is sh

|

bgens in the source water to reduce the potential of adverse health dmpacts. Chlor

p technical guidance is often provided to simplify the sel€ction of water reclamation p

bwn in Table 6.

ost-chlorination - Treatment to control and maintain a chlorine residual within the
istribution system for the prevention of bacteria regrowth and/or bacterial ‘co
ubsequent to treatment. Post-chlorination is applied depending on the end use:

jor water quality objective in non-potable water reuse is the inactivation. and/or el

rtant role in disinfection in water reclamation processes, as well as\td ensure chlor

ving a specific level of reclaimed water quality. A typical example with four levels of w

Table 6 — Example of treatment processes at different water quality level

ntamination

mination of
ne plays an
ine residual
Some other

of reducing

rocesses for
rater quality

Water quality level Typical treatment\processes

A (Hjgh) Secondary + Tertiary + Disinfection

B (Medium) Secondary_ f (Filtration) + Disinfection

C (Low) Secondary + Disinfection

D (Very Low) Secondary

NOTE Disinfection can be used aftér secondary, tertiary, or advanced treatment as necessary.

For ¢xample, reclaimed water with the highest water quality (e.g. Class A reclaimed watgr) typically
requfres up to tertiary tréatment along with disinfection which includes specific physical /chémical doses
for the almost complefe removal of microorganisms and pathogens. In contrast, low grade reclaimed

wate]
In m
mini

Moni
to co

r (e.g. Class Dyreclaimed water) typically requires up to secondary treatment without
pst non-potable water reuse schemes, secondary treatment followed by tertiary trea
mum standard. However, it may vary depending on the risk level at the end-use point.

disinfection.
tment is the

toring of water reclamation systems is important to ensure the compliance with quali

y goals and

nfipm the ongoing operational performance for the protection of public health. Typical monitoring

strategies are shown in Figure 2. Water quality control (QC) is performed in most water reuse schemes
by monitoring selected water quality parameters in the treated water prior to distribution or at the
point of use. In the case of requirements for high reclaimed water quality, in addition to water quality
monitoring, process performance control points (PCPs) should be used. Each monitoring approach is
described in Clause 7.
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Risk Management
(Treatment control)

(Optional to high quality reclaimed water)

Testing of reclaimed

water quality Performance control

Monitoring reclaimed Monitoring performance

water quality control points (PCPs)

Figure 2 — Treatment control and monitoring methods

6.3.2 Monitoring of reclaimed water quality

Treatment dontrol with water quality monitoring aims at reducing health risks to acceptable levgls by
continuously or intermittently monitoring water quality at the outlet of the water reclamation plant
and at the point of use. The monitoring requirements (e.g. waterrquality parameters and frequ¢ncy)
vary depending on local regulations and the requirements outlined during the risk assessment process
and approval of the water authorities. Key procedures on the development of reclaimed water qyality
testing protpcols are provided as follows:

a) Establigh water quality goals based on local regulations and guidelines, and outcomes from the
health rjisk assessment;

b) Determjne key parameters, indicators o surrogates to be monitored, as well as the maximum
acceptaple levels in the reclaimed water to ensure the protection of human health;

c) Determjne frequency of samplingfor water quality assurance (QA);
d) Select rgpresentative sampling points and appropriate sampling types (grab or composite);
e) Establigh corrective actionsin the case of non-compliance;

f) Perform routine monitoring and ensure reliability of analytical results (e.g. sampling procefure,
laboratory QA/QC( procedure, maintenance and calibration of online and field analytical
instrunjents).

Since the dxhaustive characterization of the hazards in water reuse and monitoring all sfiingle
componentdare nat practical_surrogate water quality parameters are generally used to readily ensure
the compliance of water quality and the performance of water reclamation processes. Some of these
representative parameters are described below [17];

Indicator microorganisms (e.g. E. coli): Parameters associated with pathogens are of the major
concern in non-potable water reuse [17]. Because pathogens are rarely measured at high concentrations,
and measuring all pathogens of concern is not practically feasible, faecal indicators such as E. coli or
thermo-tolerant coliforms are typically used as surrogate organisms in monitoring programs(25]
[29]. These microorganisms are not usually pathogenic but provide information on the potential for
faecal contamination. Total coliforms are also used as a microbial indicator. The selection of indicator
microorganisms is subject to local regulations and guidelines.

Turbidity or TSS: Particulate matter in reclaimed water can shield microorganisms from disinfectants,
reducing the effectiveness of disinfection. As a result, turbidity or TSS is recommended to be monitored
prior to disinfection process to ensure good performance of the disinfection process. Turbidity
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monitoring is preferably selected for reclaimed water with high likelihood of human exposure as it can
be set online to activate alarm when the target level is exceeded.

Biochemical Oxygen demand (BOD): BOD is a surrogate associated with aesthetic and nuisance
issues. This also indicates the potential for bacteria regrowth and biofilm formation, which ultimately
influences the effectiveness of disinfection process.

Chlorine residual: Chlorine is typically used for disinfection downstream of the water reclamation
plant. The efficiency of disinfection is generally evaluated with chlorine concentration multiplied by
contact time (often referred as CT value), while the value differs significantly among regulators and
countries. Monitoring residual chlorine concentration in the reclaimed water distribution systems is
also pmpertanttoaveid-bactertaregrowth-beforereaching d-trse-point—Fe-ensure-proper levels
of chllorine concentrations and to minimize the disinfection by-products formation, the ‘determination
of cHlorine demand can be evaluated. Continuous monitoring of chlorine at end-uise p¢int may be
necegsary in applications with high health risk.

O—avoTtDd a H

Typi¢al monitoring requirements for different levels of required water quality.are shown in Table 7.

Table 7 — Example of monitoring parameters in non-potable water reuse projects ag a function
of water quality level

Water quality level |Typical monitoring parameters

A (Hjgh) BOD, Turbidity or TSS, E.coli2, Chlorine resjdnal
B (Medium) BOD, Turbidity or TSS, E.coli2, Chlorine residual
C (Low) TSS, E.colid, Chlorine residual

D (Very Low) typically no monitoring required

a  (Pther microbial indicators may be used according to thelocal jurisdiction.

6.3.3 Performance control points (PCPs)

Treatment control with PCPs, e.g. monitoring parameters provided in Table 7, is a risk mhanagement
apprpach of water QC that reduces risks to acceptable levels by ensuring that technological barriers to
micrpbial hazards are performing.as expected. Proper operation of PCPs provides a confid¢nce that the
recldimed water remains safel251* In other words, the loss of treatment performance implies that the
recladimed water cannot be safe-’Performance control is ensured through the selection of water quality
critefia or surrogate parameters and the measurable control numerical limits that need fo be set for
each|PCP. PCPs at water@reclamation systems are determined with five criteria as follows [4Z]:

a) $ignificance: IsPCP significant to risk management?
b) Measurability: Can PCP be measured?

c) Actions>Are there any actions taken in case of the loss of PCP?

d) Reduction: Does PCP reduce the level of risks?

e) Timely: Can PCP and corrective actions be measured timely?
Typical procedures of PCP development and management are provided as follows:
a) Determine PCPs in the water reclamation system;
b) Establish monitoring performance limits (e.g. warning, action, and shut-down) for each PCP;
1) Warning limit: No action is required but extra attention is needed to process performance.

2) Action limit: Investigation is required to identify causes of deviation from baseline and
subsequently corrective actions need to be implemented.
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3) Shut-down limit: The process needs to be shut-down if the process performance cannot be

gua
c) Establis
d) Establis
e)

ranteed while creating a risk for human health.
h corrective actions when exceeding PCP set limits;

h procedures for validation and/or verification of PCP;

equipment).

Perform ongoing monitoring and assessment (including maintenance and calibration of monitoring

PCP parameters are typically set at multiple processes. These processes include secondary treatment
processes, tertiary processes (including filtration process), and disinfection processes. For example,

in secondar
monitoring
conductivity
reclaimed W
in Annex C.

Each PCP c{
treatment s
of performg
performed j
be determin

y treatment, parameters such as dissolved oxygen, ammonia or nitrates are usedcag
parameters. In a membrane filtration process, PCP parameters such as turbidity
 can be selected. Typical locations of PCPs in water reclamation plant with high qu

n attain performance limits as shown in Table 8. When shut-down-limtit is exceeded
ystem will shut down. In addition to shut-down limits, action limits;that provide an 4
nce limits approaching are recommended to be set, so that corréctive measures c4g
rior to failure at each PCP. These limits are critical in performance monitoring and ne
ed with experienced professionals.

PCP
and
ality

ater are shown in Figure 3. Examples of PCPs and monitoring parameters,dire also shown

, the
larm
n be

ed to

Primary
effluenf

Distributi
to end-usd

Post-
Disinfection

Reverse
0Smosis

y

Micro/Ultra
filtration

Secondary
Treatment

= = = 4 =

n
N

—

Figur¢g

3 — Examples of PCPs in water reclamation plant for production of high quality
reclaimed water

Table 8 — Potential template of PCP monitoring parameters that correspond to Figure 3
PCP1 PCP2 PCP3 PCP4
(Secondary (Micro/ (Reverse osmosis) (Post-Disinfecti(L -
treatment) Ultrafiltration) case of chlorin|
Parameter Ammonlz.a Turbidity Conductivity Free chlorine, arld/
concentration or CT
Warnin mg/L,
limits ¥ \Jmg/L —NTU —-mS/cm __mgg-}/l/L
Action mg/L,
limits —-mg/L —NTU —-mS/cm __mgg-}/l/L
Shut-down mg/L,
limits —mg/L —-NTU - mS/cm __mgg-}/l/L
NOTE Values of each parameter are provided with “__", and these values are prone to their local/national guidelines.

6.4 Meas

ures of end-use control

End-use control is a powerful barrier to minimize the potential of public exposure to health hazards
at the end-use points. In general, high-level of end-use controls is required for the use of low quality
reclaimed water. Representative measures of end-use control are as follows [24];

Restricting uses of reclaimed water: Public exposure can be essentially minimized by restricting the
uses of reclaimed water. For example, agricultural irrigation of food crops consumed raw needs better
quality of reclaimed water than agricultural irrigation of processed food crops.

14
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Controlling methods of application: Human exposure can also be controlled by the methods of
application. For example, drip irrigation or subsurface irrigation reduces exposure drastically
compared with spray irrigation.

Setting withholding periods: Setting withholding periods between production of reclaimed water and
end-use can reduce public exposure. Substantial reductions in the number of viruses and bacteria can
occur after withholding periods. In case of protozoa, the concentration reduction is mainly made by
desiccation.

Access control: Controlling public access during irrigation of parks and gardens, and using buffer zones
between areas of spray 1rr1gat10n and pomts of pubhc access can reduce exposure to reclalmed water.
The getee : e :
sprir

klers for landscape 1rr1gat10n and drip 1rr1gat10n can also improve health safety

Cros
and 1
such

Usin
expo
ford
of di
and (

5-connection and backflow controls: Installation of the systems for cross-connectior]
he devices for backflow prevention are important to prevent contamination,6f high-q
as drinking water.

b signage, labelling, colour coding and communication at the end-use/points to minimiz
sure: Signage at the site of water reuse to clarify that reclaimed wateyis being used and|
Finking, can contribute to reduce accidental exposure. In addition, the labelling (e.g. co
stribution system such as valves and piping may be effective fet minimising accident
ross-connections. Communication and education of end users is also of great importal

prevention
uality water

e accidental
not suitable
lour coding)
al exposure
hce.

Resiqlual chlorine concentration: Maintenance of chlorine\residual in the distribution
provjde additional health protection.

system can

7 Monitoring

7.1 | General

Monitoring of water reuse systems js.undertaken to ensure that safe quality of reclaimed water is

provjded to end users. Two major types of monitoring need to be distinguished:

a) ater quality monitoring;(also referred to as compliance monitoring to check regulatory
arameters); and

b) performance monitoring to verify the correct operation and effectiveness of treatment| processes.

These two types of monitoring are complementary and performed both during reclgimed plant

cominission and during normal plant operation. In some cases, during commissioning, mdre stringent

echnologies

parameters in water reclamation system is shown in Annex D.

7.2 Compliance monitoring

Water quality compliance monitoring is carried out to verify compliance with regulatory requirements.
Examples of reclaimed water quality requirements are described in 6.3.2. Weekly monitoring of
microbial indicators is typically required for water reuse projects with high health risks, while monthly
or quarterly monitoring can be sufficient for projects with a low risk of public exposure. For projects
with identified high health risks, the monitoring of surrogates on-line (e.g. turbidity, chlorine residual)
ensures the safety of reclaimed water quality [24] [28].
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7.3 Performance monitoring

Performance monitoring is undertaken with on-line or periodical monitoring of operational parameters
to confirm that treatment processes are properly designed and operated. Performance monitoring
parameters generally include simple measures of process control parameters that allow rapid and easy
measurements. Performance monitoring is carried out at specific PCPs. Examples of performance limits
of PCPs are provided in 6.3.3.

Performance monitoring can identify changes in operation, malfunctions or failures of water
reclamation processes. The setting-up of warning limits enables to swiftly identify deviations
from normal system performance in order to adopt immediate corrective measures, and thus avoid

deterioratiorof produced water quatity amd associated or-comptiance. ]

Performancg monitoring is recommended for water reuse projects with high health risks\to avoid
distribution| of reclaimed water with inadequate quality to end users.

Visual observations or inspections of assets and equipment are complementary to.riegtilar or opline
monitoring pf control measures to verify the proper functioning of equipment and the-absence of bjeach
in the system.

7.4 Quality control and quality assurance

All phases ¢f the monitoring program pertain to quality assurance and control procedures, which
are used tolhelp avoid likely errors and problems, and ensure that'data collected are reliable. Those
procedures fan be implemented according to the relevant quality mxanagement standards.
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Annex A
(informative)

Pathogens that are often detected in raw wastewater

Pathogens that are often detected in raw wastewater are shown in Table A.1.

Table A.1 — Pathogens that are often detected in raw wastewater

Organisms Pathogens Disease

Shigella Shigellosis (bacillary dysentery)
Salmonellosis, gastroenteritis (diarrhoea; vomiting, fg¢ver),
Salmonella . S 2
_ reactive arthritis, typhoid fever

Bactpria Vibrio cholera Cholera
Pathogenic E. coli Gastroenteritis and septicemia, haemolytic uremic syndrome
Campylobacter Gastroenteritis, reactive arthritis, Guillain-Barré synglrome
Entamoeba Amebiasis (amebic dysentery)

Protpzoa Giardia Giardiasis (gastroenteritis)
Cryptosporidium Cryptosporidiosis,-diarrhoea, fever
Ascaris Ascariasis (roundworm infection)

. Ancylostoma Ancylostomiasis (hookworm infection)

Helnmpinths B - -
Necator Necatoriasis (roundworm infection)
Trichuris Trichuriasis (whipworm infection)

. Gastroenteritis, heart anomalies, meningitis, respiratpry illness,
Enteroviruses .
. nervous disorders, others

Viruges Adenovirus Respiratory disease, eye infections, gastroenteritis
Rotavirus Gastroenteritis

NOTE Adapted from References (24], [28] and [29] and modified.
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Annex B
(informative)

Quantitative health risk assessment

B.1 General

Quantitativg
assessment,
assessment
consideratid
consideratig

B.2 Haza

There are df

B.3 Expog

Reclaimed Y
use. Reclain
unintended
also vary a
duration of i
only in the d

B.4 Dose€

Dose-response assessment aims tg-establish the relationship between the dose of a pathogen

individuals
infection, il
probability
to specific j
describe the
the frequen
to a specifid
for the dose
where therd

b health risk assessment means the whole process of hazard identification, expq
dose-response assessment, and health risk characterization. Although a quantitativg
can be possible for only a limited number of contaminants pertaining to water.réclam
ns, and requires time, experienced professional expertise and high cost/it may |
n for use for projects with an assessment of very high public health risk

rd identification

pscriptions with respect to hazard identification in 5.1.

sure assessment

hed water has various purposes of use, and_frequency/duration of use, and the do
ingestion, inhalation or skin contact per use-differ according to the purpose. These v
ccording to the country, region, and era-for each purpose. The volume, frequency
hnintended ingestion, inhalation or skin‘contact of use per purpose can be set appropri
ase where there exist adequate and reliable data/theory.

-response assessment

or population groups\are exposed to and the probability of adverse health effect
ness, death). From-the estimated quantitative relationship (dose-response model)
bf potential adverse health effects of a given severity are estimated from a given expq
athogen. Dosg:response modelling is the process of using mathematical relationshi
probability, 6f an adverse health effect (e.g. infection, illness) occurring in an individy
'y of an addverse health effect in a population when that individual or population is exp
dose 6f pathogens. The output of a dose-response assessment is a value or a set of v
L response parameters. However, these parameters can be set appropriately only in the
éxists adequate and reliable data/theory.

sure

risk
htion
be of

vater health risks are caused by unintended ingestion, inhalation or skin contact dfiring

se of
hlues

and
ately

that
(e.g.
, the
sure
ps to
al or
osed
hlues
case

B.5 Health risk characterization

Health risk characterization involves the use of hazard identification, exposure assessment and
dose-response assessment to determine the magnitude of health risk. The outputs of health risk
characterizations are the values of the probability of adverse health effects (e.g. infection, illness,
death) and are expressed by probability of infection or Disability-adjusted life years (DALY). DALY is an
indicator expressing the severity of a health effect through its magnitude.
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