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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The rapidly growing global market for water reuse technologies inevitably demands standards which
are applicable on a world-wide basis. Many regions in the world are facing water shortages, and there is
great interest in the use of technologies that can treat wastewater and make the reuse water available

for a wide range of reuse applications that can satisfy non-potable water demands, thereby

conserving

precious potable water supplies. Simultaneously, the implementation of water reuse schemes is raising
public and regulatory concerns regarding potential human health, environmental and societal impacts.
This has led to an increasing need to specify various aspects of water reuse projects and there is a

growing need on behalf of regulators, reuse technology suppliers, and users of those technologies for

intq
sus

rnational standardization. Without ISO water reuse standards, a great number of oppox
rainable development based on water reuse will be lost.

Stai
reu
cos
of W

ndardization needs to include objective specification and evaluation of levels é6fservice
be system performance dependability, including safety, environmental protection, and req
-effectiveness considerations. Hence, appropriate methods are needed to évaluate the pe
fater reuse systems.

The performance of treatment technologies for water reuse, inter alia;should be evaluated
ordpr to select the most appropriate technologies in an unbiased wayto achieve the objec
water reuse project. Despite considerable research and development on treatment technol
scigntific knowledge is largely held within commercial interests, Given less than ideal com
betveen producers and users of reuse technologies with¢pégards to treatment perform
infgrmation as to what to measure on the one hand and what level of performance is requ
other is currently missing. To address these challenges;-this document provides methodg
which can be accepted by most stakeholders, to evaludte the performance of treatment techy

water reuse systems from multitude of applications:

Bas
per
dev|
this
con
ise

ed on the discussion in the meetings of\}SO/TC 282/SC 3, ISO 20468-1 titled “Gui

ploped to establish the standard of generic aspects for performance evaluation. In th
document stipulating specific ways of performance evaluation of ozone treatment f{
monly known as ozonation, for water reuse systems, based on ISO 20468-1 as the generi
stablished herein.

Ozdne (O5) is an allotrope of ‘oxygen (0,) and is the second strongest oxidiser after fluoring
oxidlative decomposition-power makes it effective as a disinfectant and in removal of
conptituents in water. Fhere are cases where ozonation at high doses is used to remove micro
in wastewater for environmental protection.

In yarious typeS’of water reuse systems, the disinfection and the removal of colour and
esse¢ntial. Then/’it can be said that ozone technology plays an important role to improve t

) dare de ib
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Guidelines for performance evaluation of treatment
technologies for water reuse systems —

Part 3:
Ozone treatment technology

1 (Scope

This document specifies performance evaluation methods of treatment technology using ozone for
watler reuse systems. It deals with how to measure typical parameters which indicate perfprmance of
ozope treatment technology.

2 |Normative references

The following documents are referred to in the text in such a»way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced doctiment (including any amendments) applies.

1S0|20670, Water reuse — Vocabulary

3 |Terms, definitions and abbreviated-terms

For|the purposes of this document, the following terms and definitions given in ISO 206f0 and the
follpwing apply.

[SO|and IEC maintain terminologicat-databases for use in standardization at the following addresses:

— |ISO Online browsing platforin: available at https://www.iso.org/obp

— |IEC Electropedia: available at http://www.electropedia.org/

3.1 Terms and definitions

3.11
ambient ozone-concentration
conpentration/of ozone existing in the air or surrounding the ozone treatment apparatus

3.12
exhaust residual ozone concentration
ozone concentration (3.1.6) at the outlet of an off-gas ozone treatment unit

3.1.3
generated ozone amount
mass of ozone generated in a unit time

314
generated ozone concentration
ozone concentration (3.1.6) in the gas phase at the outlet of an ozone generator

3.1.5
off-gas ozone concentration
ozone concentration at the outlet of an ozone contactor

© IS0 2020 - All rights reserved 1
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3.1.6

ozone concentration
volume, mass or mole of ozone in a unit volume or mass of gas or liquid

3.1.7

ozone concentration monitor
instrument capable of measuring ozone concentration in samples continuously

3.1.8

ozone demand

amount of

3.19
ozone dos
mass of oz

Note 1 to entry: Ozone dose is expressed in units of mass-per-volume concentration (g/m3 or,fag/1).

3.1.10

residual ogone concentration
dissolved dzone concentration measured after a given contact time

Note 1 to enftry: It is expressed in mg/1.

3.1.11

transferred ozone dose

mass of 0z

ozone consumed to oxidize material in water

S
bne injected into a unit volume of water

bne applied into a unit volume of water

Note 1 to entry: Transferred ozone dose is expressed in units of*mass-per-volume concentration (g/m3 or mg/1).

3.2 Abb

CT pfoduct of residual concentration and-time

EPDM ethylene propylene diene monomer

FRP fiber-reinforced plastic
GHG giteenhouse gases
LOX liquid oxygen

LRVs lolg-reduction vatues

reviated terms

PTFE  p¢lytetrafluoroethylene
SS stiajnless steel
uv ultraviolet

4 System configuration

4.1 General

The ozone
— afeed

— anozo

system for water treatment consists of:
gas supply unit

ne generation unit

© IS0 2020 - All rights reserved
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— an ozone contact unit
— an off-gas ozone treatment unit

Depending on the water treatment efficiency and performance to be achieved, pre-treatment and/
or post-treatment can be added to the ozone system. For example, sand filtration as the typical pre-
treatment process to remove suspended impurities including ozone scavengers and inorganic matter
enhances treated water quality and reduces ineffective ozone consumption. On the other hand, post-
treatment such as biological activated carbon process removes residual particles and dissolved matter
which are not decomposed and/or are generated as by-products during ozonation. In order to retain
bactericidal effects after ozonation, post disinfection such as chlorine disinfection can be added.

4.2 Ozone system for water treatment

4.2]1 Feed gas supply unit

The feed gas supply unit is using either air or oxygen gas to the ozone generation unit. An aif-fed ozone
system uses compressed air directly from the atmosphere. An oxygen-fed ozone system uses LOX
or doncentrated oxygen fed by an oxygen concentrator. Typically, the ‘oxygen concentratof increases
oxygen concentration by adsorbing nitrogen selectively from air.

4.2]2 Ozone generation unit

Thg ozone generation unit typically consists of:
— |ozone generator(s)

— |a power supply

— |a cooling system

Corpna discharge is currently the most conimon ozone generation method.

4.2]13 Ozone contact unit
The ozone contact unit typicatlyiconsists of:
— |an ozone dissolution-system

— |ozone contactor(s)

The ozone contattor is a vessel where ozone is dissolved in water and reacts with target substance(s),
follpwed by theozone dissolution system which dissolves ozone gas in water. Mass transfer of ozone
is a| criticalaspect of water ozonation. Dissolution devices include bubble diffusion, dowr] flow tube
injectionssventuri injection, radial diffuser, static mixers and mechanical agitation. These| applicable
disgolution devices should be selected dependlng on the space 11m1tat10n for system installation, electric
powe o dlepends on
system de51gn and method of ozone generation used.

4.2.4 Off-gas ozone treatment unit

Since ozone is a very strong oxidant, any unreacted ozone in the off-gas can be harmful to the
environment and endanger human health. Consequently, it shall be converted to oxygen and neutralized
before the off-gas is released to atmosphere.

The off-gas ozone treatment unit typically consists of an off-gas ozone destruction unit and an off-gas
ozone suction unit. The off-gas ozone suction unit withdraws off-gas ozone from the ozone contactor
and draws it into the off-gas ozone destruction unit. The off-gas ozone destruction unit converts ozone
residual exhausted from the ozone contactor to oxygen by using such methods as activated carbon,
catalyst media and heat, or combination of heat and catalyst media.

© IS0 2020 - All rights reserved 3
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4.2.5 Ozone measuring system

Various types of ozone monitors are available for measuring ozone concentrations. The typical
configuration of ozone treatment system as well as the monitoring points of ozone concentration are
shown in Figure 1.
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5 Prindiples and general guidelines for performance evaluation

5.1 Gen

Based on
ISO 20468

— functi

Water

Ozone contact
unit

Off-gas ozone
treatment unit

Ozone generation
unit

Feed gas supply
unit

- Typical configuration of ozonation systeni and ozone concentration monitoring po

concentration ozone monitor, residital ozone concentration monitor and off-gas oz
ion monitor are installed to measure ozone concentration at key locations in the ozona
the purpose of controlling ozoné generation and dose. Specific descriptions about 07
control methods are shown in Annex D.

st and ambient ozone(monitors measure ozone concentrations to verify safe opera
The control system works automatically for system shutdown or stopping ozone produc

Y.

bral

nts

one
fion
one

[ing
[ion

in

the principles and general guidelines for performance verification described

-1:2018M, this document also specifies two kinds of performance requirements:

onal requirements

— non-functional requirements

5.2 Functional requirements

5.2.1 General

Functional requirements consist of two parts; water quality based performance and process-based
performance, both of which strongly influence the conformity of produced water quality to water reuse
regulations and related standards.

4
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Water quality based performance for ozone treatment includes the potential reduction of disease causing
microorganisms that can be present and the removal of specific constituents such as colour and odour
(Annex A). They are generally expressed as a logarithmic-scale reduction and a residual constituent
concentration in the treated reuse water, respectively. On the other hand, ultra-violet absorbance and
ultra-violet transmission can be used as surrogate indicators to check the removal efficacy of dissolved
organic carbon. These water quality parameters and indicators should be in accordance with the water
reuse regulations and standards stipulated in respective countries (examples in Annex B).

The reduction in, or residual concentration of, Escherichia coli, enterococci bacteria, thermo-tolerant
coliform bacteria and total coliform bacteria can be used as potential indicators of microorganisms
. ., o : L : hat can be

erging concern, as well as colour and odour, can also be functional requirements for {

proyiding just enough amount of ozone for treatment:

On the other hand, process-based performancéfor ozone treatment is concerned with the
performance of main units of ozone treatment system such as ozone generators and contag
ass¢ssed by monitoring the ozone concentration in different points (Annex C and D). The dej
of these units is also important as a partof process-based performance since failure in ozone

t by using

reduction of concentration in pharmaceutical and personal care products and‘éther comtaminants

ome reuse
ethods for

Jn drinking

ransferred

gas ozone
zone dose.
bossible by

functional
tors and is
pbendability
cenerators

and)/or contactors can lead to releasing insufficient transferred ozone into water.
Fai
wit
the

re in off-gas ozone treatment units can raise an issue of undestroyed ozone gas leaking to rooms,
h the possibility of persornel injury and/or property damage in the worst-case situation|Therefore,
dependability of off-gas‘ozone treatment units should be included into non-functional requirements.

5.2]2 Performance ¢evaluation procedures

5.2/2.1 STEPI1'— Setting performance criteria and objectives

An
told
bas

bzone treatment system is expected to improve water quality parameters such as E. cqli, thermo-
rant coliforms, colour and odour. The water quality standards for these parameters as wdter-quality
ed-performance criteria should be set for the purpose of water reuse.

Those reuse water quality parameters are standardized in some countries for landscape, amenity and
other purposes, as illustrated in Annex B.

The values of the reclaimed water quality parameters should be some of the values that presented in
Annex A of ISO 20761:2018I41,

In addition, to ensure the functionality and reliability of water reclamation processes for pathogen
control in the case of high risk of exposure, the health risk management strategy can also include
targets for log-reduction values (LRVs). Other water quality parameters can be relevant for specific
non-potable water applications, such as those described in ISO 16075-1, ISO 16075-2, ISO 16075-3:2015,
ISO 16075-4:2016[5] for irrigation. Further information on the risk assessment and management
approach can be found in ISO 20426:2018[¢], ISO 20761:2018 and in Australian Guidelines for Water
RecyclinglZl.

© IS0 2020 - All rights reserved
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On the other hand, in order to meet the target water quality consistently, the ozone system is required
to be operated properly. From this viewpoint, the parameters of operational conditions should be
included into process-based performance indicators.

5.2.2.2 STEP 2 — Performance evaluation

Water quality based performance of ozone treatment system for water reuse can be evaluated by
periodically measuring residual concentrations of the target constituents. The residual concentrations
should be assessed frequently enough to ensure operating parameters and regulatory and aesthetic
reuse water quality objectives are consistently met. The monitoring program and sampling frequency

At the sane time, it is important to measure the ozone concentration. Figure 1 shows the, typical
configuratjon of ozone treatment system as well as monitoring points of ozone concentration as
operating fonditions; ozone concentration at M1 and M3 points should be monitored ,as shown in
Annex C td effectively evaluate the treatment system performance. When those concentrations nheet
the target Yalues, it is confirmed that the appropriate amount of ozone is supplied and*consumed in|the
ozone contactor to achieve the functional requirement on water quality.

Furthermdre, the following parameters are also expected to function~well as process-bgsed
performanice indicators:

a) Generated ozone amount
Genergted ozone amount is calculated by the following formula.

(Generated ozone amount) = (Generated ozone concentration) x (Ozone gas flow rate)

The vallue of generated ozone amount should be larger than ozone demand.

b) Ozone|dose
Ozoneldose is calculated by ozone gas flowate, water flow rate and generated ozone concentratfion.
(Ogone dose) = (Ozone gas flow rate] x (Generated ozone concentration) / (Water flow rate]
Ozone|dose should be controlledto provide sufficient amount of ozone to achieve targeted whter
quality.
c) Transferred Ozone dosé

Transferred ozone\dese is calculated by ozone gas flow rate, water flow rate, generated oZone
concerjtration andoff-gas ozone concentration.

(Transferred ozone dose) = (Ozone gas flow rate) x (Generated ozone concentration - Off{gas
dzene concentration) / (Water flow rate)

In case that off-gas ozone concentration is sufficiently low, ozone dose would be equal to transferred
ozone dose.

d) Mass transfer efficiency

Mass transfer efficiency shows how much ozone is transferred into water out of generated
ozone amount. Specifically, it is calculated by generated ozone concentration and off-gas ozone
concentration.

(Mass transfer efficiency) = (Generated ozone concentration - Off-gas ozone concentration) /
(Generated ozone concentration) x 100

This value is normally between 80 to less than 100 %, depending on dissolution methods.

6 © IS0 2020 - All rights reserved
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5.2.2.3 STEP 3 — Diagnosis of causes for unsatisfactory performance

If one or more operating objectives or water quality requirements are not being attained, the ozone
system may be malfunctioning, and corrective measures are required. Possible failures may be
decreased ozone generation or degradation of mass transfer efficiency:

a) Decrease in ozone generation
— check whether ozone concentration monitor (M1) works properly.

— check feed gas quality (Oxygen purity, dew point) and flow rate.

— check the ozone generator and/or the control panel whether any error messages.arg¢ indicated.
b) |Degradation of mass transfer efficiency

— check damage on diffusers (in case of diffusers used).

— check failure on a booster pump (in case of injectors used).

— check damage on injectors or static mixers (in case of injectors used).

— check whether the ratio of gas flow rate to water flow rate'is being maintained [within the
required range of ratio depending on the dissolution deyjices.

In the case that no failures are found on ozone generation and mass transfer efficiency:

— |check the water quality and quantity under treatment and adjust the ozone supply to|satisfy the
ozone demand.

— |check upstream secondary and tertiary treatments to improve the water quality prior tq ozonation
to satisfy the design bases.

5.3| Non-functional requirements

5.3]1 Performance characteristics
The following two performarnce characteristics are provided.
a) |Environmental and gconomic key factors (5.3.2)

b) |[Safety requiremients (5.3.3)

5.3]2 Envirenmental and economic key factors

Enviironmental and economic factors for an ozonation system include:

— | Electric power consumption for oxygen and ozone generation.

— Electric power consumption for ozone transfer, if needed.
— Electric power consumption for the off-gas ozone destruction/treatment unit.
— Supplied oxygen consumption.

These key factors are closely connected to producing GHG (e.g. CO,) and should therefore be managed
to reduce the GHG direct and indirect emissions (see ISO 20468-2:2019[8] for GHG emission calculation).

5.3.2.1 Electric power consumption

Daily ozone demand depends on the load of substances to be treated. Then, taking into account annual
load fluctuations, the annual power consumption should be calculated by providing ozone demands

© IS0 2020 - All rights reserved 7
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for low, middle and high loads, for example, multiplying them by the respective number of days and
summing them up.

Based on the daily ozone demand, the power consumption of a feed gas supply unit, an ozone
generation unit, an ozone contact unit and an off-gas ozone treatment unit are calculated to find a
daily operating cost.

Regarding ozone transfer, electric power consumption for injection pumps, motorized valves should be
summed up. In addition, regarding off-gas treatment, electric power consumption to run heaters and
suction blowers should be included.

5.3.2.2 (

The amour
the annual
dividing o2
them by th

53.3 Sa

Each unit
system. Ag

)xygen consumption

t of feed oxygen gas depends on gaseous ozone concentration and the ozone demiand. T
oxygen consumption is calculated by seasonal oxygen consumption which are éémputin
one demands for low, middle and high loads by feed-gas ozone concentratien, multiply

e respective number of days and summing them up.

fety requirements

described in Clause 4 is essential to the proper operation and performance of an 07
each unit has unique functions and operations, there caw be’a wide range of causes

system failure. From the viewpoint of protecting human health and<afety, however, ozone gas leq
erious problem and therefore, the safety of ozone treatment system should be evaluated by

the most s
the followi

a) Usage

hg methods.

bf 0zone resistant materials for piping and fittings

Evalugte whether ozone resistant materials such.as*304 SS, 316L SS, EPDM, PTFE and FRP

used, f]
comes

pr the parts and locations in a treatment apparatus where ozone gas and/or ozonated w
into contact with, such as equipment, (ipes, valves, sensors, joints, instruments, seald
skets. See JIS B 9946[91,

and equipment protection

briate safety measures, which may include emergency shutdown, shall be implemer
imbient ozone is detected.in the ozone water treatment system and its surroundings. If

nen,
b by
ring

one
for
k is

are
hter
Aints

ted
the

tration raises higher than a certain level, ozone generation should be stopped immediaftely

and automatically, and alarm/to operators and maintenance personnel.

In order to confirm theperformance of off-gas ozone treatment unit and ozone leakage from
units, pxhaust residual ozone concentration (M4) and/or ambient ozone concentration (M5]
shown|in Figure l\and Annex C, shall be measured. The need for the monitoring shall be determined

by the partiesinvolved, and appropriate measurement methods shall be selected. Thus, M4 and
are saflety andequipment protection points rather than the process monitoring points.

 all
, as

M5

Evalugqtewhether ozone concentration is monitored at the appropriate points in the treatnpent

apparatus and its surroundings, in order to check the operational state of a total ozone treatment
system. In addition, evaluate whether the ozone monitors and detectors equipped in a treatment
apparatus satisfy the appropriate specifications. JIS B 9946 is cited as a reference.

Maintenance and calibration

Evaluate whether the following items are satisfied:

— maintenance schedule is prepared and carried out.

— maintenance parts are stocked.

Inspection and calibration of the treatment apparatus, ozone monitors and detectors are included
into maintenance work.

and ga
b) Safety
Appro
when ¢
concer
c)
8
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Annex A
(informative)

Main treatment technologies and target constituents for water

reuse

TabJe A.T indicates main treatment technologies and target constituents after BOD removd
reupe systems. It is summarized by focusing on typical technologies for advanced fred

| for water
tment and

disinfection described in ISO 20468-1:2018[8] with related functions required for waterreuge.
fable A.1 — Main treatment technologies and target constituents/parameters (After BOD
removal)
Required functions Separation Disinfection Des_ali- Oxidation or others
nation
Target constituents Turbidity Pathogens Conducti- Colour Odour POPS
/parameters or TSS Bacteria Viruses Protozoa vigyor TDS (Efge:;liit;glt_
Technologies lutants)
Menhbrane MF 4 v %
filtrption UF v v v W
NF/RO v v v v v v
Ion Resin v v
exchange Membrane v
uv v v v
Ozone v v v v v v
AOPs v v v v v v
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Annex B
(informative)

Reuse water quality parameters

Reuse water quality parameters for landscape, amenity and other purposes are standardized in some
i acilluctratad in Tohla R 1 thyough Tohlag B O
countries, gsastratea—tane S tthreoughi—tane 3o
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Table B.2 — Water quality standard for water reuse (India)[11]

Landscaping, Horticulture & Agriculture
—— Toilet Fire ;’::: filc?r Non-contact . crops.
flushing | protection : impoundments Horticulture, an Crops which are eaten
washing Golf course | edible
raw cooked
crops
1 Turbidity (NTU) <2 <2 <2 <2 <2 AA <2 AA
2 SS il il nil nil nil 30 il 30
3 TDS 2100 Q
4] [pH 6.5108.3 QV
5| | Temperature °C Ambient ~ v
6 Oil & Grease 10 il nil nil 10 1004':) nil Nil
gt v U
g| [ Rack 1 1 1 05 1 3%3 nil ni
Chlorine O
~ r L 90 | D
g| | Total Kieldah Nitrogen » 10 i 10 g 12 10 10 10
asN A\
9] |BOD 10 10 10 10 o\ 20 10 20
19 [COD AA AA AA AA O AA 30 AA 30
1 Dissolved Phosphorous ) 1 1 1 Q‘( ) 5 5 5
asP O
12 | Nitrate Nitrogen as N 10 10 10 &ﬁ‘ 10 10 10 10
i \J
g oGl Nil N NE Lo SN Nil 230 Nil 230
in 100 ml e
14 | Helminthic Eggs / litre AA AA AA| M AA AA <1 <1 <1
1 Colour Colourless | Colourless qu@)e‘ss Colourless | Colourless | AA | Colourless | Colourless
1 Odour N septic which means not septic and no foul odour

Al
At

units in mg/l unless specified; AA: as arising when othe?‘fﬁ?ameters are satisfied;
blerance of plus 5% is allowable when yearly avera lues are considered.
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Table B.4 — Guideline values for domestic reclaimed water used in toilet and urinal flushing[13]

Water quality parameters

Parameter Units Median Maximum
BOD;s mg/L <10 <20
TSS" mg/L <10 <20
Turbidity” NTU <2 <5
Escherichia coli® CFU/100 mI, Not detected <200
Thermotolerant coliforms* CFU/100 mL Not detected SZ(&@
Total chlorine residual® mg/L >0,5 QY

solids; NTU = nephelometric turbidity unit; CFU = colony-forming unit.

information is provided in Box 1.

Unless otherwise noted, recommended quality limits apply to the reclaimed water at the point of discharge
the treatment facility or treatment unit. BODs = five-day biochemical oxygen demand; TSS.5total suspeng

Measured prior to disinfection point. Only one of TSS and turbidity needs to be monjtoréd in a given systej
Only one of Escherichia coli and thermotolerant coliforms needs to be monitored in a given system. Furth

Measured at the point where the treated effluent enters the distribution/plumbing-System.

from
ed

0.

—
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Table B.5 — Suggested Guidelines for Water Reusel14]

Types of Reclaimed Reclaiinad Setback
. Treatment Water Quality 2 Water Distances ° Comments
Monitoring
Urban Reuse + Secondary * * pH=6-9 + pH - weekly +50ft(15m) to + See Table 2-7 for other recommended limits.
+ Filtration ® +<10mg/ BOD’ + BOD - weekly potable water + At controlled-access irrigation sites where design and
All types of + Disinfection © |+ <2 NTU® + Turbidity - supply wells operatipnal measures significantly reduce the potential
landscape + No detectable fecal continuous of public contact with reclaimed water, a lower level of
irrigation, (e.g., coli/100 mi °1° . Coliform - daily trea_tment, eg., secongary treatment and disinfgction to
golf courses, + 1 mg/l Cl, residual + Cl,residual - achieve < 14 fecal coli/100 ml, may be appropriate.
parks, N continuous + Chemical (coagulant and/or polymer) addition prior to
cemeteries) — (minimum) filtration may be necessary to meet water quality
also vehicle recommendations.
washing, toilet s T i
flushing, use in viable pathogens. "
fire protection + Reclaimed water should be clear and odorless. Q
systems and + A higher chlorine residual and/or a longer contact tir@qb
commercial air be necessary to assure that viruses and parasite%
conditioners, ang inactivated or destroyed. *
other uses with + A chlorine residual of 0.5 mg/l or greater in the tribution
similar access off system is recommended to reduce odors%e, and
exposure to the bacterial regrowth. (.Q
water + See Section 3.4.3. for recommen@%a ment reliability.
Restricted + Secondary * * pH=6-9 * pH - weekly + 300 ft (90 m) to + See Table 2-7 for other re merided limits.
Access Area + Disinfection © | ¢ <30 mg/I BOD” + BOD - weekly potable water « If spray irrigation, TSS | @n 30 mg/l may be necessary
Irrigation + <30mg/l TSS + TSS - daily supply wells to avoid clogging of sphinKler heads.
« < 200 fecal coli/100 | ¢ Coliform - daily |+ 100 ft (30 m) to + See Section 3.4.3 for recommended treatment reliability.
Sod farms, mi 91914 « Clyresidual - areas accessible O
silviculture sites, + 1 mg/l Cl, residual continuous to the public (if
and other areas (minimum) ™ spray irrigation) Q
where public Q
access is Q
prohibited,
restricted or §
infrequent
(0.4
Agricultural « Secondary* | *PH=69 * pH - weekly + 50 ft (15 m) tq\\'o « See Table 2-7 for other recommended limits.
Reuse — Food ||+ Filtration ° +<10mg/BOD” + BOD - weekly potable water + Chemical (coagulant and/or polymer) addition prior to
Crops Not + Disinfection® | *<2NTU® * Turbidity - supply w$ filtration may be necessary to meet water quality
Commercially + No detectable fecal continuous * Q) recommendations.
Processed '° coli/ 100 mil °1° . Coliform - daily A\ + The reclaimed water should not contain measurable levels of
+ 1 mg/l Cl, residual + Clz residual - O viable pathogens. € ' )
Surface or spray o r— continuous \ + A higher chlorine residual and/or a longer contgct time may
irrigation of any . be necessary to assure that viruses and parasites are
food crop, ‘\Q inactivated or destroyed.
including crops C)\ + High nutrient levels may adversely affect some crops during
eaten raw. certain growth stages.
\’ . + See Section 3.4.3 for recommended treatment reliability.
Agricultural + Secondary * +pH=6-9 W weekly + 300 ft (90 m) to + See Table 2-7 for other recommended limits.
Reuse — Food « Disinfection ® | ¢ <30 mg/I BOD” < +)BOD - weekly potable water « If spray irrigation, TSS less than 30 mg/l may be necessary
Crops + <30mg/l TSS C) + TSS - daily supply wells to avoid clogging of sprinkler heads.
Commercially + < 200 fecal ¢ 00 | * Coliform - daily + 100 ft (30 m) to + High nutrient levels may adversely affect some crops during
Processed '° m| 91314 + Cl, residual - areas accessible certain growth stages.
«1mgll Ot\r dual continuous to the public (if + See Section 3.4.3 for recommended treatment reliability.
Surface Irrigatior (mi -@) 11 spray irrigation)
of Orchards and 6
Vineyards Q~
Agricultural + Secondar/® +pH=6-9 * pH - weekly + 300 ft (90 m) to + See Table 2-7 for other recommended limits.
Reuse — Non- . Disinfe& +<30mg/lBOD’ + BOD - weekly potable water « If spray irrigation, TSS less than 30 mg/| may be necessary
food Crops ?\ *<30mg/ TSS + TSS - daily supply wells to avoid clogging of sprinkler heads.
« + < 200 fecal coli/100 | ¢ Coliform - daily + 100 ft (30 m) to + High nutrient levels may adversely affect some crops during
Pasture for % m| &13:14 ¢ Clresidual - areas accessible certain growth stages.
milking animals; 24 mgl Cltesicual continuous to the public (if * Milking animals should be prohibited from grazing for 15

fodder, fiber, and

spray irrigation)

days after irrigation ceases. A higher level of disinfection,

. 1
seed crops (minimum) e.g., to achieve < 14 fecal coli/100 ml, should be provided if
this waiting period is not adhered to.
+ See Section 3.4.3 for recommended treatment reliability.
18 © IS0 2020 - All rights reserved
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habltat, stieant
augnentation

91314
ml =

+ The temperature of the reclaimed water should n|
affect ecosystem.

Reclaimed Reclaimed Setback
Types of Reuse| Treatment 2 Water : 3 Comments
Water Quality Monitoring Distances
Recreational + Secondary * *pH=6-9 * pH - weekly * 500 ft (150 m) to + Dechlorination may be necessary to protect aquatic species
Impoundments « Filtration ® + <10 mg/l BOD 7 + BOD - weekly potable water of flora and fauna.
+ Disinfoction ® +<2NTU® * Turbidity - supply wells * Reclaimed water should be non-irritating to skin and eyes.
Incidental contact « No detectable fecal continuous (minimum) if + Reclaimed water should be clear and odorless
(e.g., fishing and coli/100 ml &1° + Coliform - daily bottom not sealed | * Nutrient removal may be necessary to avoid algae growth in
boating) and full + 1 mg/l Cl, residual ¢ Clyresidual - impoundments.
body contact with L Y continuous * Chemical (coagulant and/or polymer) addition prior to
reclaimed water (minimum) filtration may be necessary to meet water quality
allowed recommendations.
s Tho roclaimod water should not contain measirahle levels of
viable pathogens. ™
+ A higher chlorine residual and/or a longer@antac] time may
be necessary to assure that viruses and parasSitep are
inactivated or destroyed.
+ Fish caught in impoundments can, Be ¢énsumed.
+ See Section 3.4.3. for recommended treatment reliability.
Lanflscape * Secondary * +<30mg/ BOD’ + pH - weekly + 500 ft (150 m) to + Nutrient removal may be ;ecessary to avoid algge growth in
Imppundments + Disinfection © + <30 mg/I TSS + TSS - daily potable water impoundments.
* < 200 fecal coli/100 + Coliform - daily supply wells * Dechlorination may e, heeessary to protect aqudtic species
Aesthetic m] %1314 ¢ Clyresidual - (minimum) if of flora and faunat
imppundment * 1 mg/l Cl, residual continuous bottom not sealed | ¢ See Section 3.4.3 fof recommended treatment refliability.
whdre public (minimum) 1
confact with
reclpimed water is
not pllowed
Corstruction Use + Secondary * + <30 mg/ BOD’ + BOD - weekly * Worker contact with reclaimed water should be njinimized.
«+ Disinfection © * <30 mg/l TSS + TSS - daily *A higher level of disinfection, e.g., to achieve < 1j fecal
Soillcompaction, + <200 fecal coli/100 | ¢ Coliform - daily coli/100 ml, should be provided when frequent wgrk contact
dus{ contral, ml &1314 + Clyresidual - with reclaimed water is likely.
washing + 1 mg/l Cl, residual continuous * See Section 3.4.3 for recommended treatment refiability.
aggfegate, making (minimum) "
confrete
Inddstrial Reuse + Secondary 4 +pH=6-9 = pH - weekly “30Qft (30 m) to * Windblown spray should not reach areas accessple to
+ Disinfection © + <30 mg/l BOD 7 = BOD - weekly aleas accessible workers or the public.
Onde-through * <30 mg/I TSS = TSS - daily to the public
cooling * <200 fecal coli/100 |+ Coliform - daily
ml &1214 - Clpresidual,
+ 1 mg/l Cl, residual continuous
(minimum) '
Reqrculating * Secondary 4 + Variable depends +JpH - weekly + 300 ft (90 m) to + Windblown spray should not reach areas accessiple to
coolfing towers + Disinfection © on recirculation + BOD - weekly areas accessible workers or the public.
. ratio (see Section, + TSS - daily to the public. + Additional treatment by user is usually provided t¢ prevent
(chemical ) R . R . . .
coagulation 221)pH =69 . Cohform - daily May‘beT reducgd scaling, clorrosmn, biological growths, fouling and| foamlng.
¥ 5 * <30 mg/ B&D 7 + Clyresidual - or eliminated if + See Section 3.4.3 for recommended treatment refiability.
and filtration + < 30mgNTSS continuous high level of
may be needed) |, <200 fecal coli’100 disinfection is
g 2p3 14 provided.
* 1.mg/l Cl, residual
(minimum) "'
Othgr Industrial
Usek Depends on site specific uses (See Section 2.2.3)
Enyronmental + Vaifabte Variable, but not to + BOD - weekly + Dechlorination may be necessary to protect aqudtic species
Relse #\Sscondary * exceed * TSS - daily of flora and fauna.
and *<30mg/IBOD’ + Coliform - daily + Possible effects on groundwater should be evalupted.
Wefjands, disinfection © * <30 mg/I TSS ¢ Clyresidual - + Receiving water quality requirements may neceskitate
marghes, wildlife (minimum) + <200 fecal coli/100 continuous additional treatment.

bt adversely

* See Section 3.4.3 for recommended treatment rg

iability.
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Table B.5 (continued)

aquifers not used
for public water
supply

for spreading
+ Secondary 4

(minimum)

for injection

. Reclaimed
Types of Reclaimed Setback
Treatment o Water : 3 Comments
Reuse Water Quality o Distances
Monitoring
Groundwater + Site-specific + Site-specific and + Depends on + Site-specific + Facility should be designed to ensure that no reclaimed
Recharge and use use dependent treatment and water reaches potable water supply aquifers
dependent use + See Section 2.5 for more information.
By spreading or + Primary + For spreading projects, secondary treatment may be
injection into (minimum) needed to prevent clogging.

-

For injection projects, filtration and disinfection may be
needed to prevent clogging.
See Section 3.4.3 for recommended treatment reliability.

.

Indirect Potable
Reuse

Groundwater
recharge by
spreading into
potable aquifers

+ Secondary *

« Disinfection ©

+ May also
need
filtration °
and/or
advanced
wastewater
treatment '®

+ Secondary *

« Disinfection ®

+ Meet drinking water
standards after
percolation through
vadose zone

Includes, but not

limited to, the

following:

+ pH - daily

+ Coliform -
daily

+ Cl, residual -
continuous

+ Drinking water
standards -
quarterly

+ Other " -
depends on
constituent

+ BOD - weekly

+ Turbidity -
continuous

+ 500 ft (150 m)
to extraction
wells. May
vary depending
on treatment
provided and
site-specific
conditions.

.

The depth to groundwater (i.e., thickness to the vadose
zone) should be at least 6 feet (2 m) at the maximum
groundwater mounding point.

The reclaimed water should be retained underground for at
least 8 months prior to withdrawal.

Recommended treatment is site-specific and dépends on
factors such as type of soil, percolation ratesthickriess of
vadose zone, native groundwater qualitygz~and dilution.
Monitoring wells are necessary to detect'the influence of the
recharge operation on the groundwater,

See Sections 2.5 and 2.6 for mqfginformation.

The reclaimed water should not coptain measurable levels of
viable pathogens after percolatipn through the vadose

zone. 2

See Section 3.4.3 for regdMmended treatment reliability.

.

.

.

.

.

.

Indirect Potable
Reuse

Groundwater
recharge by
injection into
potable aquifers

+ Secondary 4

« Filtration °

+ Disinfection °

+ Advanced
wastewater
treatment '®

Includes, but not

limited to, the

following:

*pH=65-85

+<2NTU8

+ No detectable total
coli/100 ml ¢

+ 1 mg/l CI2 residual
(minimum) "

+ <3mg/ITOC

¢+ <0.2mg/l TOX

+ Meet drinking water
standards

Includes, but not

limited to, the

following:

+ pH - daily

+ Turbidity -
continuous

+ Total coliform -
daily

+ Cl, residual -
continuous

+ Drinking water
standards -
quarterly

 Other '/ -
depends on
constituent

.

2000 ft (600 m)
to extraction
wells. May vary
depending on
site-specific
conditions.

.

The reglaimed water should be retained underground for at
least S\pionths prior to withdrawal.

Ménitoring wells are necessary to detect the influence of the
recharge operation on the groundwater.

Recommended quality limits should be met a the point of
injection.

The reclaimed water should not contain measurable levels of
viable pathogens after percolation through the vadose

zone. *

See Sections 2.5 and 2.6 for more information.

A higher chlorine residual and/or a longer contact time may
be necessary to assure virus and protozoa inactivation.

See Section 3.4.3 for recommended treatment reliability.

.

.

-

.

.

-

Indirect Potable
Reuse

Augmentation of
surface supplies

+ Secondary 4

+ Filtration °

+ Disinfection °

+ Acdvanced
wastewater
treatment '®

Includes, but not

limited to, the

following:

+pH=65-85

+<2NTU®

+ No detectable total
coli/100 gt M2

+ 1 mg/l €2 residual
(mithirigm) '

+<3mg/I TOC

+J\Meét drinking water
standards

Includes, but not

limited to, the

following:

* pH - daily

+ Turbidity -
continuous

+ Total coliform -
daily

+ Cl, residual -
continuous

+ Drinking water
standards -
quarterly

 Other 7 -
depends on
constituent

+ Site-specific

+ Recommended level of treatment is site-specific and
depends on factors such as receiving water quality, time and
distance to point of withdrawal, dilution and subsequent
treatment prior to distribution for potable uses.

+ The reclaimed water should not contain measurable levels of
viable pathogens. ”

+ See Sections 2.6 for more information.

+ A higher chlorine residual and/or a longer contact time may
be necessary to assure virus and protozoa inactivation.

+ See Section 3.4.3 for recommended treatment reliability.

20
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Table B.5 (continued)

Footnotes

1. These guidelines are based on water reclamation and reuse practices in the U.S., and they are especially
directed at states that have not developed their own regulations or guidelines. While the guidelines should
be useful in may areas outside the U.S., local conditions may limit the applicability of the guidelines in
some countries (see Chapter 8). It is explicitly stated that the direct application of these suggested
guidelines will not be used by USAID as strict criteria for funding.

2. Unless otherwise noted, recommended quality limits apply to the reclaimed water at the point of discharge
fl OITl t; < tl Ua.tl el It fau:liy

3. Setback distances are recommended to protect potable water supply sources from contam@glon and to

protect humans from unreasonable health risks due to exposure to reclaimed water. (]/
4. Secondary treatment processes include activated sludge processes, trickling filter atlng bidlogical
contractors, and may include stabilization pond systems. Secondary treatment sh roduce effluent in

which both the BOD and TSS do not exceed 30 mg/l.

and/or anthracite, filter cloth, or the passing of wastewater through mi rs or other membrare pro-

5. Filtration means the passing of wastewater through natural undisturbedcg&gl/ﬂlter media such as sand
cesses.

physical, or biological means. Disinfection may be accomplish chlorination, UV radiation, ozopation,
other chemical disinfectants, membrane processes, or othe esses. The use of chlorine as defining
the level of disinfection does not preclude the use of other ectlon processes as an acceptable means
of providing disinfection for reclaimed water.

6. Disinfection means the destruction, inactivation, or removal o@&%emc microorganisms by chémical,

7. As determined from the 5-day BOD test.

8. The recommended turbidity limit should be me r to dlsmfectlon The average turbidity should be|based
on a 24-hour time period. The turbidity sh ot exceed 5 NTU at any time. If TSS is used inllieu of
turbidity, the TSS should not exceed 5 mgO

9.Unless otherwise noted, recommende: liform limits are median values determined from the bacteridlogical
results of the last 7 days for which GQ ses have been completed. Either the membrane filter or ferpnenta-
tion-tube technique may be usec()

10. The number of fecal colifor@tgénisms should not exceed 14/100 ml in any sample.
11. Total chlorine residual@yuld be met after a minimum contact time of 30 minutes.

12. ltis advisable to haracterize the microbiological quality of the reclaimed water prior to implemgnta
tion of a reuse

13. The numt@;@fecal coliform organisms should not exceed 800/100 mlin any sample.
14. So @Ygilization pond systems may be able to meet this coliform limit without disinfection.

15 mercially processed food crops are those that, prior to sale to the public or others, have underdone
% emical or physical processing sufficient to destroy pathogens.

16. Advanced wastewater treatment processes include chemical clarification, carbon adsorption, reverse
osmosis and other membrane processes, air stripping, ultrafiltration, and ion exchange.

17. Monitoring should include inorganic and organic compounds, or classes of compounds, that are known or
uspected to be toxic, carcinogenic, teratogenic, or mutagenic and are not included in the drinking water
standards.

© IS0 2020 - All rights reserved 21
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