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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 procedy

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
World Trads
iso/forewor

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may \be the subjg

ect of

s. ISO shall not be held responsible for identifying any or all such patént rights. Detafils of

ights identified during the development of the document will be in the)Introduction ar
st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe
h endorsement.

anation of the voluntary nature of standards, the ineaning of ISO specific terms
related to conformity assessment, as well as information about ISO's adherence t
Organization (WTO) principles in the Technical Bavriers to Trade (TBT), see www.iso
d.html.

This documient was prepared by Technical CommitteeSO/TC 282, Water reuse, Subcommittee

Water reuse

Any feedbad
complete lis

in urban areas.

k or questions on this document sheuld be directed to the user’s national standards bo
ting of these bodies can be found atwww.iso.org/members.html.

1d /or

S not

and
b the

org/

5C 2,

dy. A

© IS0 2022 - All rights res

erved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=6ac0d1f2bd5ef839977ff2c648701131

ISO 24416:2022(E)

Introduction

With economic development and population growth, the demand for water resources is steadily
increasing. Combined with the exploitation and utilization of water, numerous countries and regions
have faced water shortages to different degrees. Increasing efforts has been made to solve the water
crisis.

Water reuse has been recognized as a low-cost and effective means to alleviate water resource
shortages. Wastewater usually contains a variety of pathogens, chemical pollutants and nutrients.
Trad1t10nal water treatment cannot remove all pollutants Durmg the long -term ut111zat1on of reclaimed

2 2 affe te-and workers
handling the reclalmed water) ecolog1cal env1ronment (e.g. pollutlon of receiving water, soil) and
production safety (e.g. harmful effects on equipment operation such as corrosion, scaling 4nd fouling).
Therefore, water quality stability is a prerequisite to ensure water reuse. It is necessary to monitor
and manage the quality of reclaimed water to ensure a safe supply. Chemical stability and biological
stabillity are crucial aspects of water quality stability. Water quality instability.usSually leads to frequent
occufrences of corrosion, scaling and fouling, bacterial regrowth, increasingenergy consumption and
redufed service life of relevant equipment.

Therg are limited guidelines or regulations specifically regarding-water quality stabiliffy for urban
purposes of reclaimed water at a global level. For different types,of reclaimed water appljcations, the
seledtion of stability evaluation parameters remains controversial. Stability evaluation and thanagement
of water quality are important to ensure safe utilization of re€laimed water. It is necessary|to establish
a staphdard for comprehensively evaluating the stability of reclaimed water.

This|document aims to provide guidance on water quality stability of reclaimed water and provide
stability parameters and methods based on different needs and utilization of reclaimed|water. This
docujment includes:

— gtandard terms and definitions;
— ¢valuation principles of water qualitystability for reclaimed water;
— ¢valuation parameters of water quality stability for reclaimed water;

— the selection of stability evaluation parameters for pipeline networks and equipment related to
teclaimed water;

— ¢valuation methodsof water quality stability for reclaimed water.

Critigal values of evaluation parameters for water quality stability are out of the scope of thils document.
The ranges of different evaluation parameters are provided for reference. The water stahility control
or mpnagement involving the reclamation treatment and/or the distribution system management (e.g.
residual disinfectant) are also out of the scope of this document.

document prov1des gu1dance on storage transportat1on and appllcatlon of reclaimed water. The
' equipment and
reductlon of operat1on costs.
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Water reuse in urban areas — Guidelines for water reuse
safety evaluation — Stability evaluation of reclaimed water

1 Scope

This document provides parameters and methods for water quality stability evaluation of reclaimed
water—Thisdocument tam be used 1T various Stages Of Water TecranTation projects meiuding storage,
trangportation, application and post-assessment.

Thisdocument considers the needs and utilization of reclaimed water and is applicable‘to thee evaluation
and management of water quality stability of reclaimed water from municipal wastewdter sources,
including chemical stability and biological stability.

2 Normative references

The following documents are referred to in the text in such a way’that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced docurient (including any amendments) applies.

ISO 30670, Water reuse — Vocabulary

3 Terms and definitions
For the purposes of this document, the terms.and definitions given in ISO 20670 and the follpwing apply.
ISO gnd [EC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available-athttps://www.electropedia.org/

3.1
assimilable organic carben
AOC
orgahic carbon which can be used by microorganisms for assimilation

[SOURCE: 1S0,23070:2020, 3.1]

3.2
corrpsion
physicachemical interaction hetween a metallic material and its environment that results in changes in
the properties of the metal and that can lead to significant impairment of the function of the metal, the
environment or the technical system, of which these form a part

[SOURCE: ISO 8044:2020, 3.1, modified — Note 1 to entry removed.]

3.3
critical value
boundaries of acceptable values for evaluation parameters when water quality is stable

34

fouling

precipitation of suspended solids, including living organisms (biofouling) and chemical substances
(inorganic or organic)

©1S0 2022 - All rights reserved 1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=6ac0d1f2bd5ef839977ff2c648701131

ISO 24416:2022(E)

3.5

microbiologically influenced corrosion

MIC

corrosion (3.2) influenced by the action of microorganisms

[SOURCE: ISO 8044:2020, 4.37, modified — Note 1 to entry removed.]

3.6

scaling

crystalline scales caused by the oversaturation of chemical substances on metallic or non-metallic
surfaces

4 Abbreyiated terms

Al aggressive index

AOC assimilable organic carbon

ATP adenosine triphosphate

BDOC biodegradable dissolved organic carbon
BFR biofilm formation rate

BGP bacterial growth potential

CCPP calcium carbonate precipitation potential
COD¢, chemical oxygen demand (dichromate tiéthod)
DO dissolved oxygen

DBP disinfection by-product

ILR improved Larson corrosion index

LR Larson corrosion index

LSI Langelier saturation index

MAP microbially available phosphorus

MIC micrebiologically influenced corrosion
MPN most probable number

RI Riddick corrosion index

RSI Ryznar stability index

TDS total dissolved solids

TN total nitrogen

TP total phosphorus

TSS total suspended solids

2 © IS0 2022 - All rights reserved
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5 Water quality stability

5.1 General

Water quality stability is the premise of reclaimed water use. The recommended parameters for water
reuse safety in ISO 20761 include routine physical and chemical parameters, aesthetic parameters,
microbial parameters, stability parameters and toxic and harmful chemicals.ll Among stability
parameters, chemical stability and biological stability are important aspects.

Chemical stability includes corrosion, scaling and fouling. Corrosion can be classified into many types,
such as electrochemical corrosion, chemical corrosion, localized corrosion, pitting corrosion and layer
corrgsion. Detailed information is given in Annex A. Table 1 lists factors influencinghle likelihood
of corrosion. The main influencing factors include characteristics of equipment |ahd pipelines,
charjicteristics of the reclaimed water and operating conditions. Reclaimed water can'be ujsed in many

field
use i
equij
steel
cast-

5 for urban areas, such as industrial use, artificial landscape amenity, municipal

ind groundwater recharge. Related equipment includes boilers and heaty.exchanger
pbment, air conditioning and toilet flushing devices. Related pipelines incltide steel ang
pipelines, concrete and cement pipelines, cement-mortar-lined metal, pipelines, plast
ron and ductile-cast-iron pipelines and non-ferrous metal pipelinés; Operating condif]

non-potable
S, irrigation
| galvanized
ic pipelines,
ions include

D situations.
tation when
en different
micals. The
ces and the

temperature, flow conditions and pressure conditions. Scaling is mainly dependent on tw
One |s the decrease in the solubility of ionic components, which, lead to crystals precipi
thermodynamic conditions change. The other is precipitation<formed by reactions betwe
ionic] components. Fouling is mainly caused by the pretipitation of suspended che
extent of fouling is affected by hydraulic conditions, the-roughness of the contact surfg
concentration, size and type of suspended chemicals.

Table 1 — Factors influencing the likelihood of corrosion

Characteristics of equipment

and pipelines flons

Characteristics of the water Operating condi

Chemical composition Physico-chemical composition Temperature

ich as flow
or laminar
intermittent

Flow conditions, s
velocity, turbulencd
flow, continuous or
pattern

Surface conditions Golloidal and particulate matter

Design and construction Living organisms

Pressure conditions

Besid n reclaimed

wate]

les chemical stability, considering the possibility of opportunistic bacterial regrowth

I, biological<stability is also an important aspect of water quality stability. Biological stability
des MIC and biofouling. MIC is due to microbial activity involving bacteria, archae
, iron-oxidising

h and fungi.
br reducing
substances
cooperative
ducing acids
and they can accelerate the corrosion of pre- ex1st1ng agents such as 0, and CO, by damagmg mineral
passivation films on metal surfaces. Moreover, the major mechanisms of MIC include fixing anodic sites,
formation of differential aeration or chemical concentration cells and cathodic depolarisation. MIC can
cause corrosion to various materials such as carbon steel, stainless steel, aluminium alloy, magnesium,
zinc and concrete.[2] Biofouling is caused by the excessive growth of biofilm. Biofilm is the aggregate
of microbial cells formed by microorganisms developing layers of polymer-like materials, called
extra-cellular polymeric substances, and attached at a surface-liquid interface. Microbial adhesion to
surfaces is governed by surface-charge, -free energy and -roughness. Electrostatic, hydrophobic and
chemical forces can cause microbial attachment to surfaces. Due to extra-cellular enzymes in the
biofilm, microorganisms can utilize complex organic substrates, such as humic acids that are not easily
biodegradable by microorganisms in bulk water, which enables the growth of different microorganisms
present in bulk water. Biofilm can also protect microorganisms from disinfectants and toxins in the
surrounding environment. The formation of biofilm is dependent on various environmental conditions,
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such as salinity, temperature, conductivity, pH, DO level, BDOC and AOC content and hydrodynamic
conditions. In addition, it is not recommended that caustics are used to reduce biofilm formation in
pipeline networks, because some bacteria from biofilm can survive under unfavourable conditions
(higher pH values).

Water quality stability is affected by many factors, including physical, chemical and biological factors.
Examples of related influencing factors on water quality stability are shown in Table 2 and Table 3.

Table 2 — Examples of related influencing factors on chemical stability

Influencing factors

Notes of significance

Calcium and magnesium ions determine water hardness.

Calcium and|magnesium |Low hardness is beneficial for passivation film formation on the inner wallof pipeline
ions networks, which can prevent further corrosion.
High hardness can lead to scale formation.
High concentration of chloride can increase conductivity of water,aecelerate migration
Chloride rate of ions and electrons in the water and accelerate corrosign, More specifically high
concentration of chloride can cause pitting corrosion, especially for stainless steel.
High concentration of sulfate can increase conductivity ef water, accelerate migration
Sulfate rate of ions and electrons in the water and accelerate‘corrosion.
Sulfate can easily cause scale formation when cdlcjum ions exist.
. Nitrate can greatly accelerate the general corxosion of iron in acidic solutions but has
Nitrate S S : 3]
slight influence on the general corrosion innéutral solutions.
When DO acts on the inner wall of pipeline networks, it can accelerate corrosion.
DO When DO acts on the surface of formed corrosion products, it can promote passivation
films formation and prevent further corrosion.
Carbon dioxide High contents of carbon dioxide'can decrease pH value and corrode metals.
Silicon dioxigle Excessive silicon dioxide can form hard scales, especially for heat exchangers.

Iron can form red ironhydroxide precipitation, causing scale formation.

Iron
Water containing iron bicarbonate can also cause corrosion.
The increase of:pH within specific limits (pH 7,5 to pH 9,5) can reduce the reledse of
pH iron. Higher pH can increase the oxidation rate of Fe(II) and formed Fe(1II) can inten-
sify the physical structure of tubercles, thus inhibiting the release of internal ifon.
TSS ate-€asily disturbed by water flow and can acceleratively scour off corrgsion
7SS surface layer, thus aggravating erosion of water flow on the inner wall of pipelines.
Suspended solids are nuclei of salt crystals. Excessive suspended solids will also
promote the formation of scales.
4 © IS0 2022 - All rights reserved
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Table 3 — Examples of related influencing factors on biological stability

Notes of significance

AOC can provide carbon and energy for heterotrophic bacteria and is generally con-
sidered a major limiting factor for the growth of heterotrophic bacteria.

BDOC is considered as the hydrolysable pool of carbon available for bacterial growth
and biofilm formation in the distribution system. The BDOC can be used to evaluate
the reduction in chlorine demand or disinfection by-product (DBP) formation potential
through a biological process.

Due to bacterial elemental composition (e.g. molar ratio C:N:P is 100:20:1,7), nitrogen is
also required for heterotrophic growth, though in considerably smaller amounts than

Inorganic

nutrijents

organic carbon. The lack of nitrogen will limit the growth of heterotroy

Ammonia can be oxidized to nitrous acid by ammonia-oxidizing, bac
simultaneously leads to pH decrease. Under low pH value, pipelines of
copper, aluminium and other metals are prone to corrode.

Nitrate-reducing bacteria can utilize nitrate and generate 'nitrogen gas
corrosive, which prevents corrosion through competition with sulfate
sulfate-reducing bacteria.

hic bacteria.

teria, which
rarbon steel,

which is not
reduction by

Influencing factors
AOC
BDOC
Nitrogen
Phosphorus

Phosphorusisanimportantlimiting factor for bacterial growth, among whi
can provide nutrient source for bacteria. Compaied with carbon content]
contentrequired by bacteria is lower. The content of phosphorusin the e
depends on the removal efficiency of thé\treatment process.

ch phosphate
phosphorus
ffluent water

Sulfur

Sulfur-oxidizing bacteria can oxidize-elemental sulfur and sulfide, and pr
and corrosive sulfuric acid, which.can increase acidity, hydrogen pen|
corrosion rates. The presence ofrsulfur-oxidizing bacteria can promot
of sulfate-reducing bacteria by, producing the products necessary for

(e.g. sulfate).l4]

Sulfate-reducing bacteria’can use the oxygen component of sulfate fo
and generate hydrogen sulfide in the absence of DO or in biofilm. Thq
come out of solution-at various pH ranges and then convert to sulfuri
fur-oxidizing bacteria, which will easily lead to corrosion in concrete
like sulfate-reducing bacteria, thermophilic sulfate-reducing archaea c
corrosion in d similar way:.

bduce sulfate
etration and
e the growth
their growth

r respiration
sulfide will
acid by sul-
sewers. Just

An also cause

Iron

Iron-pXidizing bacteria can oxidize divalentiron Fe(II) to trivalention Fe
DO-and produce large amounts of iron oxide precipitates, which can alt
and-promote corrosion. In biofilm, aerobic or facultative iron-oxidizing
provide an oxygen-free local environment for sulfate-reducing bacteria g
can lead to more severe corrosion.[4]

Iron-reducing bacteria can promote corrosion by altering minerals ad
loyed steel, removing passivating layers and increasing the concentra
and ferrous sulfide formed by mixed communities.[4]

(III) by using
er the acidity
bacteria can
rowth, which

hering to al-
rion of Fe(II)

The absence of DO can provide suitable conditions for anaerobic bact
such as sulfate-reducing bacteria and iron-reducing bacteria.

eria growth,

Low DO levels can provide suitable conditions for facultative bacteria

browth, such

DO

as nitrate-reducing bacteria and sulfate-reducing bacteria.

High DO levels can provide suitable conditions for aerobic bacteria growth, such as
ammonia-oxidizing bacteria, sulfur-oxidizing bacteria and iron-oxidizing bacteria.

High pressure and low temperature can increase DO solubility in water and prevent
anaerobic conditions in pipelines; high temperature can decrease DO levels.

The metabolism of microorganisms in biofilm can lead to concentration gradients of
DO and affect microbial community compositions.

© IS0 2022 - All rights reserved 5
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Table 3 (continued)

Influencing factors

Notes of significance

AOC

AOC can provide carbon and energy for heterotrophic bacteria and is generally con-

sidered a major limiting factor for the growth of heterotrophic bacteria.

BDOC

BDOC is considered as the hydrolysable pool of carbon available for bacterial growth
and biofilm formation in the distribution system. The BDOC can be used to evaluate
the reduction in chlorine demand or disinfection by-product (DBP) formation potential

through a biological process.

-

emperature

Increasing temperature can promote bacterial growth.

Tanmnparaturacanalco A ffact hactarial oo panity oo acition by neaviding oo
reperathire-caarSo-attecepacterar-commuity-compoesitoh DY-provietE-€ot

itive advantages to specific bacterial species in specified temperature ranges)

npet-

]

Operating
conditions

Hydraulic

onditions

Low flow can lead to low flow velocities and long retention time, providing'favou
conditions for bacterial growth.

High flow can lead to increasing biofilm detachment and bacteriakdispersal.

rable

]

Pressure

Operating modes of sewers include gravity modes and pressure modes.

Under gravity modes, DO level in sewers is high and dominant microorganism|
aerobic and facultative bacteria.

Under pressure modes, sewers are in anaerobic conditions and dominant mic
ganisms are anaerobic bacteria.

S are

foor-

Disinfectant

Dissolved nutrients, extra-cellular polymeric substances, organic and inorgani
trients adsorbed on biofilm can react with disinfectants, resulting in consum
of disinfectants and promoting bacterial regrowth.

C nu-
btion

Pipeline maf]

erials

The composition of pipeline materials caniaffect biofilm development, including gr
rates, bacterial densities and community compositions.

The corrosion of pipes can lead ta'release of particles and the formation of rough

on the pipe surfaces, on which 0rganic and inorganic compounds and bacteria c
adsorbed, and which also protect bacteria from disinfectant residuals. The corr
of iron pipes is easier thanithat of plastic pipes as higher bacterial abundance is f
on iron pipes than on'plastic pipes.

bwth

inks
in be
sion
bund

5.2 Evalu

The evaluat
evaluation }
equipment 1
and indepen

ation principles of water'\quality stability

on of water quality stability should consider the utilization of reclaimed water. Accord
parameters for water quality stability of reclaimed water should be selected basg
haterials. Evaluation’processes should follow the principles of accuracy, comprehensivg
dence (listed inleble 4).

ngly,
d on
Pess

Thable 4 —Evaluation principles of water quality stability of reclaimed water
Principle Notes

Necuracy Accurate and objective parameters should be recommended accordilng to

Ttitizatiorn, equipent aterats and CaracterisStics of Tectaimed water.

An appropriate number of evaluation parameters should be selected.

Comprehensiveness The evaluation with multiple parameters is beneficial for accuracy of

p results. Excessive selection of parameters should be avoided due to the
complexity and cost of the evaluation process.

Independence Independent parameters should be selected. If several parameters

p describe similar characteristics, one of them should be recommended.
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Evaluation system of water quality stability

The evaluation of water quality stability can be performed according to the framework depicted in
Figure 1. The following points show considerations for establishing a framework for water quality
stability evaluation of reclaimed water.

a)

b)

The framework includes five.steps (Figure 1). Specifically, the first step is to determine eq
pipe
operpting conditions of @specific application. The second step is to select corresponding
basefl on the available/information. The third step is to measure or calculate parameters
evalyation of reclaimed water. The fourth step is to compare calculated values with critica
last gtep is to analyse evaluation results and draw a conclusion.

Reclaimed water use is a complex process. The evaluation of water quality stability should be based
on the specific reuse conditions. Reuse conditions can vary based on applications, equipment and
component materials and operating conditions. For example, when characteristics of reclaimed
water change, different ionic components can react and form scales. The changes of thermodynamic

conditions can lead to reclaimed water instability (e.g. temperature decrease can
SOIUD V O OrI omponents, thu c g d g, Increasing temper [

bacterial growth). Besides, the extent of fouling is affected by, for example, hydrauli
and roughness of the contact surfaces. Water quality stability parameters for reclaim
respectively proposed according to chemical stability and biological stability.dt.isalso
jupplement or omit some parameters according to the actual situation of different re

parameter has its own characteristics, scopes and limits, and will be disclisSed in detai

ater and industrial water, respectively.

determined or calculated values of selected parameters-with critical values. The cr
¢omprehensive utilization benefits of water reuse. It istecommended that generally acc

technology.

esults should be accurate and comptehensive. The contingency and uncertainty in th

measures should be proposed,

materials and to collect given parameters of water quality characteristics for reclaimg

reduce the
hn promote
conditions

¢d water are

ecessary to
bions. Every
| in Clause 7.

Annex B describes chemical stability evaluation parameters in urban water supply systems of some
¢ountries. Annex C and D describe evaluation parameters in water-quality standardls for boiler

he tendency of water quality stability for reclaimed watetrcan be evaluated by comparing the

tical values

determination usually needs to consider many factors, including social and economic levels and

bpted values

are selected as critical values. Moreover, critical values need to be updated with the deyelopment of

$tability evaluation results for reclaimed.@Water include corrosion, scale formatiop (including
gcaling and fouling) and relatively stable."They can be divided into five grades: severe corrosion,
glight corrosion, relatively stable, slight\scaling or fouling and severe scaling or fouling. Evaluation
1

e evaluation

process should be minimized or ;avoided if possible. Final stability evaluation conclusions for
feclaimed water should be drawn based on evaluation results. Suggestions and ifmprovement

hipment and
d water and
parameters
for stability
values. The
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Control and
) improvement

Characteristics Characteristics

Operating
conditions

oo ] | ) |

of equipments and pipes of the water

3 . | — Accuracy |

Parameters of chemical stability . .
. : . ——|Evaluation parameters selection| <« — — 4 — Independence |
and biological stability | — Comprehensiveness |

7 Evalug

7.1 Gene

There are {
parameters
data of sing
from single
influencing
parameters

water qualit

7.2 Singl

A set of sin

Evaluation parameters
measurement or calculation )

alculated values)
cal values

Comparison of ¢
with criti

Severe corrosion

Slight corrosion
Relatively stable

Slight scaling or fouling
Severe scaling or fouling

Evaluation results analysis

Figure 1 — Framework of water qualityStability evaluation

ition parameters of water quality stability

ral

wo kinds of stability parameters: single parameters and composite parameters. §
such as pH, hardness and alkalinity are common parameters in water quality standard{
e parameters are easy toebtain. The data of composite parameters are usually calcu
parameters. Calculation formulas of most composite parameters also consider mu
factors, which is beneficial for comprehensively evaluating water quality stability. T
with independent,and complementary information should be selected to characteriz

y stability.

e parameters

ble/parameters for stability evaluation of reclaimed water are proposed in Table 5

ingle
.The
lated
tiple
hose
e the

The
t and

selection of

evaluation parameters depends on water characteristics, characteristics of equipmen

pipelines and operating conditions.
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Table 5 — Single parameters for stability evaluation of reclaimed water

Single
parameters

Units

Determination

method

Notes of significance

pH

ISO 3696

The changes of pH can break many dynamic equilibri

and affect ion concentration related to water quality stability.

um reactions

Total hard-
ness

mg/l cal-
culated as
CaCO,

ISO 6059

High hardness can easily lead to scale formation; |
can easily lead to corrosion.

The World Health Organization (WHO) recommends

ate range of hardness in its Guidelines for drinking-water quality. If

hardnessislessthan 100 mg CaCO. /]l or exceeds 20

ow hardness

an appropri-

mg CaCO5/1,

corrosion or scaling will respectively occur in thd
drinking water.Z

pipelines of

Totpl alka-
linity

mg/l1 cal-
culated as
CaCoO;,

ISO 9963-1

Taking iron pipeline as an example, increasing a
promote the formation of ferrous carbonate (FeCO5
intermediate corrosion product. Ferrdus intermed
be oxidized to stable trivalent iron\oxide (e.g. Fe;
These products deposit on the pipelines and forn]
films, which can prevent further-corrosion.

Changes of alkalinity can leadto changes of pH, wh
the growth of certain types of bacteria.

kalinity can
,whichisan
ate can then
04, FeOOH).
passivation

ch can affect

DO

mg/l

ISO 5814 and
ISO 17289

When DO acts on thésurface of the inner wall of me
corrosion can be acCelerated.

When DO actsiowthe surface of formed corrosion pr
accelerate the formation of passivation films, whicH
prevent fuxther corrosion.

High DO levels can provide suitable conditions for aer]
growth, so that sulfates are not degraded by anaeroh
ducing bacteria generating corrosion and odours.

Low DO levels can provide suitable conditions fo
bacteria growth, such as nitrate-reducing bacteria

The absence of DO can provide suitable conditions f
bacteria growth, such as sulfate-reducing bacteria|
ducing bacteria.

DO levels can affect the structure of biofilms. U

conditions, biofilms can show a hollow and seeding dispersal

structure. Under anaerobic conditions, biofilm can
and densely-packed structure.[11]

tal pipelines,

bducts, it can
can delay or

obic bacteria
ic sulfate-re-

r facultative

or anaerobic
and iron-re-

hder aerobic

how around

NOTE 1
NOTE 2
NOTE 3
NOTE 4

Annex E lists some limits of pH, DO and TSS for different purposes of reclaimed water.
AnnexF Jists some modified measurement methods based on the original AOC method.
Annex G describes the biological stability guideline values for AOC.

Annex H compares measurement methods for evaluation parameters of biological stability.

NOTE 5

Key

CFU colony-forming unit

NTU nephelometric turbidity unit

In ISO 20468-1, the monitoring parameters for non-potable water reuse projects can include biochemical oxygen
demand (BOD), turbidity or TSS, E. coli and chlorine residual.
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Table 5 (continued)

NOTE 4
NOTE 5

Key

CFU colony-forming unit

NTU nephelometric turbidity unit

Staotity—§

Annex H compares measurement methods for evaluation parameters of biological stability.

Single Units Determination Notes of significance
parameters method
Among TDS, chloride has the highest influence on the corrosion of
the carbon steel, followed by sulfate, nitrate and ammonium.[12]
High concentration of sulfate and chloride ions will increase
conductivity of water, accelerate the migration rate of ions and
electrons and promote corrosion; release of irons (sulfate and
chloride ions) can promote the release of aluminium and manga-
TDS mg/l  |[ISO 7888 nese ions, but have little effect on the release of copper, chromium,
ZiTc, IicRe ana arsentc tons
Nitrate can greatly accelerate the general corrosion.of ifon in
acidic solutions but has only a slight influence on"the general
corrosion in neutral solutions.[3] Nitrate can be easily degrpded
by bacteria so that sulfate is not degraded in the. sewer, generpting
corrosion and odours.
TSS are easily disturbed by water flow apd can aggravate ergsion
of water flow on the inner wall of pipelines. Then, the corrgsion
surface layer can be scoured off in an accelerated manner, lejding
TSS mg/l  |ISO 11923 to aggravation of corrosion.
TSS can also promote scale”formation. Suspended solid§ are
nuclei of salt crystals. Excessive suspended solids promotg the
formation of scales.
The particle size of TSS'is over 1 um, while that of turbidjty is
between 1 nm and® pm, which is commonly called collpidal
Turbidity NTU IS0 7027-1 substances.l1Z] Because colloidal substances play an ess¢ntial
role in scaling;it is more accurate to select turbidity instepd of
TSS to describe water quality stability.
ug/1 calcu- . _ |AOC ser¥e as carbon source and energy source for heterotr¢phic
latedas | Specificmethodis |pactetiaand can be converted to biomass by heterotrophic bacferia.
AOC described in Refer- . ] )
acetate ence [18] It is generally recognized that the AOC level to keep biological
carbon stability is below 100 pg/1.112.20]
The maximum
E?tcet:irrllilcfl(;:tr}:)n of The maximum bacterial count that can be achieved owipg to
indigenous bacteria diverse compounds available in water and complex interacfions
BGP CFU/ml andfi;ncubation among indigenous bacterial population.
S Tic method is Suitable application field: direct evaluation of what really hagpens
déscribed in Refer- in the water sample.
ence [21]
NOTE 1 Anngx E list§some limits of pH, DO and TSS for different purposes of reclaimed water.
NOTE 2 Anngx E'lists some modified measurement methods based on the original AOC method.
NOTE 3 AnnexGdeseribes-the-biologicalstability-guidelinevaluesforADC:

In ISO 20468-1, the monitoring parameters for non-potable water reuse projects can include biochemical oxygen
demand (BOD), turbidity or TSS, E. coli and chlorine residual.

10
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Table 5 (continued)
Single Units Determination Notes of significance
parameters method
The flux of sub-
strate through . The rate and extent of biofilm formation as a function of time.
pg ATP/ column or monitor
BFR ecm2d  |gpecific method is Suitable application field: determination of the ability of water
pect . to promote biomass accumulation.
described in Refer-
ence [22]
The difference
ZEEV\;?:; glgéa(lh?r(_)c The consumption of DOC to catabolize organic earhjon to carbon
. . dioxide and/or new biomass.
BDOC mg/l |ingincubation
Specific method is Suitable application field: evaluation of the.reductidn in chlorine
pectt . demand or DBP formation potential through a biological process.
described in Refer-
ence [23]
The linear rela-
tionship between The bacterial maximum growth from inoculation until steady-
MAP value and the :
; state with phosphorus asthe standard substrate.
concentration of

MAP ug PO4-P/1|phosphorus Suitable applicationfield: regions where microbial growth in
Specific method is z\;i%:;;scgﬁigltcted by’phosphorus content rather than organic
described in Refer- ’
ence [24]

The chemical and/
or enzymatic
extraction of ATP
from bacterial cells,
followed by the ATP i i all livi Ils and it hel : h 1
measurement of P is presentin all living cells and it helps to estinjate the tota
: o live biomass in a sample.
ng ATP/ |light emission.de:

ATP cell rived when the/dis- |Suitable application field: ATP can be complementafy to conven-
solved ATP reacts |tional parameters to account for bacterial dynamifs in storage
with theluciferin/ |and distribution.
luciferase reagent
Specific method is
described in Refer-
ence [25]

NOTE 1 AnnexE lists seme limits of pH, DO and TSS for different purposes of reclaimed water.

NOTE 2 AnnexXFlists some modified measurement methods based on the original AOC method.

NOTE 3 Anifex'G describes the biological stability guideline values for AOC.

NOTE 4 “Annex H compares measurement methods for evaluation parameters of biological stability.

NOTES=In ISO 7nA.AQ.1, the monitoring narameters for nnn-pnl’n]’\]n water reuse pv‘n}'nrl’c can-include biochémical oxygen

Key

CFU colony-forming unit

NTU nephelometric turbidity unit

demand (BOD), turbidity or TSS, E. coli z?n:i chlorine residual.

7.3 Composite parameters

7.3.1 General

Composite parameters are mainly divided into two Kinds: the first based on calcium carbonate
dissolution equilibrium and the second based on multi-parameter analysis. Annex I illustrates water
quality stability evaluation conclusions for different composite parameters.

© IS0 2022 - All rights reserved
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7.3.2 Langelier saturation index (LSI)

LSI is proposed on the basis of the solubility equilibrium of calcium carbonate. LSI is suitable to
qualitatively evaluate the tendency of corrosion or scaling. LSI can be used to evaluate water chemical
stability of metal pipelines without additives and internal corrosion protection, such as steel pipelines,
cast iron pipelines and galvanized steel pipelines. But LSI also has its limits. The first is that two
identical LSI values cannot be compared for chemical stability. The second is that when LSI value is near
zero, it is easy to draw a contrary conclusion. See Formula (1).

Iy s =pH—-pHg 1)

where

I g1 igLangelier saturation index;
pH igthe actual pH of water;
pHg igthe pH at which calcium carbonate is at equilibrium.

[SOURCE: IS0 23446:2021, Annex B]

pH, can be falculated by many methods, including the calculation method, the table method angl the
image methpd. Besides being related to bicarbonate alkalinity, calcitimy ions concentration and water
temperatur¢ in water, pH, is also influenced by many factors such.a$ salt content, calcium associption
ions and other components that can form alkalinity. Generally,)from the perspective of simplified
calculation, fit is recommended that pH is calculated using Formulae (2) to (6):!28

pHg =(9,3+A+B)—(C+D) (2)
L I -1
2 1Log10Urps)-1] 3)
10
B=-13,12xLogo(°C+273)+34,55 4)
C=Log{,(Ca** asCaC03)-0,4 (5)
D=Log 0 (alkalinity as CaCO3 ) 6)
where
A s tIe dissalved solids coefficient of water quality;
B is thetemperature coefficient;
C isthe hardness coefficient;
D  istotal alkalinity coefficient.

7.3.3 Ryznar stability index (RSI)

RSlis aparameter substantially modified from LSI. RSIis suitable for intercooled open-type recirculating
cooling water system and is more accurate at pH 6,5 to pH 8. The US Environmental Protection Agency
(USEPA) has recommended the use of LSI and RSI by utilities to monitor the corrosion potential of
water.[29]

Igs; =2pHg —pH=pHg — I} g (7)
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Igs;  is Ryznar stability index;
pH  isthe actual pH of water;
pHg is the pH at which calcium carbonate is at equilibrium;

I is Langelier saturation index.

[SOURCE: ISO 22449-1: 2020, 3.1.10]

7.3.4 Calcium carbonate precipitation potential (CCPP)

CCPH can quantitatively reflect the precipitation or dissolution amount of calciumlicarbc

corr
eval

whe

sive ions such as chloride ions are introduced into water, chemical stability cannot b
yated by CCPP alone. The CCPP can be calculated by alkalinity, see Formula{8).[28]

Iecpp =50 000( 1y — Lakeq )

Ire

Iccpp  is calcium carbonate precipitation potential index;
L  isoriginal alkalinity of water (mg/I calculatedas CaCOj);

Likeq 1S the alkalinity after calcium carbonateis-balancing (mg/1 calculated as CaCO4

A higher CCPP value means more calcium carbonate precipitating on the inner wall
Depdsited films can prevent the dissolution and'release of corrosion products from pipelin

7.3. Aggressive index (Al)

Al is[suitable for evaluating chemical stability of water quality in the cement pipelines. Al c
effects of all ions in raw water oft:alkalinity, hardness and pH, see Formula (9).[28]

whe

nate. When
e accurately

(8)

).

bf pipelines.
S,

bnsiders the

A1 =pH+Log(lk - Ihardness ) ©)
11e
Ia; is the aggressive index;
H is the actual pH of water;
j[lk is the water alkalinity (mg/l calculated as CaCO;);
Ihardness 1S the water hardness (mg/1 calculated as CaCOs).
7.3.6 Larson corrosion index (LR)
LR is suitable to evaluate water chemical stability of iron pipelines, see Formula (10).[28]
[ ]+[s0F |
hp=F—"—=— (10)
| HCO; |
13
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where
Iir is Larson corrosion index;
[Cl] is the concentration of chloride (mol/1);

[SO4%7] is the concentration of sulfate (mol/1);
[HCO57] is the concentration of bicarbonate (mg/1).

When water quallty parameters such as pH alkallnlty and hardness have thelr own obv1ous change
trends, water-€h $ 2 Re: asiderina the

factors, such as Water temperature hydrauhc re51dence t1me and DO, improved LR (ILR) was prop
on the basis|of LR, see Formula (11).[28]

I I I
Log(lyr)=-1,922+0,3Log(I g )+ 9,968Log(%) —0,277L0g(%)—2,417L0g[%)— 0,088Log(lgr—)
(11)

where
IR is the improved LR index;
Iir is the Larson corrosion index;
Lhardness 1S the hardness of water (mg/1 calculated as CaCQg);
Ino is the concentration of dissolved oxygen (mgy1);
T is the temperature of water (°C);
Iyrt is the hydraulic retention time (h)

7.3.7 Ridflick corrosion index (RI)

RI is suitaple for evaluating water—/chemical stability with low hardness. Besides introdtcing
conventiongl parameters related-to-Corrosion, this parameter also considers the effect of hardness,
alkalinity, njtrate, chloride, DOand silicon dioxide, see Formula (12).[28]

75 1 - - 10 | Ipp+2
Igi = I |:IC02 +E( Fardness ~ lalk )+|:Cl :|+2|:NO3 :|j|(1—)(];0—) (12)
alk Si0, DOy
where
Ing js-Riddick corrosion index;
Ino is the concentration of dissolved oxygen (mg/1);

Inos  1s the concentration of dissolved oxygen at saturation (mg/1).
When there is no corresponding data of silica, DO or both, product term of silica and DO can be deleted.

Table 6 lists the determination methods of necessary parameters in the formula.

Table 6 — The determination methods of necessary parameters

Parameter Determination methods
Ca2+ ISO 6058
Cl- IS0 9297 and ISO 10304-1
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Table 6 (continued)
Parameter Determination methods
SO42' ISO 10304-1
HCO5 ISO 9963
NO;- ISO 7890-3 and ISO 10304-1
Co, ASTM D513-02
Si0, GB/T 12149
DO ISO 5814 and ISO 17289
7.4 | Selection principles of evaluation parameters

The

a)

b)

d)

|
uality characteristics of reclaimed water. More specifically, among)six composite
nly Al can be used to evaluate the chemical stability of different water quality charac
is suitable for qualitative evaluation of chemical stability of water not containing add

following points indicate considerations for selecting evaluation parameters [for wj
stability of reclaimed water.

Vater quality characteristics: The selection of evaluation parameters™should con|

ater quality

sider water
parameters,
reristics. LSI
tives. RSl is

ore accurate at pH 6,5 to pH 8. If corrosive ions such as chloride ions are introduced into water,

hemical stability cannot be accurately evaluated by CCPR alone. When water quality|
uch as pH, alkalinity and hardness have their own obvious change trends, chemi
annot be evaluated by LR alone. RI is suitable for evaluating water chemical stabil

parameters
cal stability
ty with low

ardness. Among the six parameters presented for bielogical stability, AOC can evaluate microbial

egrowth in various water qualities.

tilization and equipment materials: Considering reclaimed water has various utili
election of evaluation parameters should"consider equipment materials related t
ater. For example, LSI and RSI are suitable for metal pipelines. Al is suitable for ceme
R is suitable for iron pipelines. CCPR-and RI are suitable for various materials (listed
ix parameters for biological stability are suitable for various equipment materials.

valuation parameter characteristics: Among the six composite parameters presented
tability, LSI, RSI and CCPP-are suitable for evaluating the tendency of corrosion or s
eing stable, and Al, LR andRI are suitable for evaluating the tendency of corrosion or |
mong the six singleparameters presented for biological stability, AOC and BDOC are|
ituations when miepobial growth in water is restricted by organic carbon content,
uitable for situations that microbial growth in water is restricted by phosphorus g
nd BFR canevaluate the ability of water to promote biomass accumulation, includin
f various nuitrients on bacterial growth. ATP is complementary to the other five g
arametérs for estimating the total living biomass in samples.

ombination of various parameters: In order to comprehensively evaluate stability
ater, it is recommended that various kinds of parameters, including single anc

zations, the
b reclaimed
nt pipelines.
in Table 7).

for chemical
Caling or for
being stable.
suitable for
and MAP is
ontent. BGP
b the effects
onventional

f reclaimed
| composite

parameters, are selected. Among the composite parameters, the parameters oI bo

carbonate dissolution equilibrium and multi-parameter analysis are suggested. More
LSI, RSI and CCPP are parameters based on the calcium carbonate dissolution equilib
can be used to evaluate the scaling of calcium carbonate. Al, LR, RI are parameters bas
parameter analysis, which can be used to evaluate the scaling of other minerals.
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Table 7 — Optional stability evaluation parameters for different pipelines

Pipeline material
Parameter |Steel and galva- Concrete and cement, . Castiron and Non-
nized steel atr; (:,_clfr?;zn;g:gf Plastic ductile castiron | ferrous metal

LSI . . .
RSI . . .

CCpPP . . . . .
Al .
LR .
ILR .
RI . . . . .

NOTE The ¢lot “e” indicates that attention should be paid to this category.

7.5 Case study of evaluation parameters selection

The selectign of evaluation parameters is the most difficult step during theé:entire evaluation prg
which affeqdts the accuracy of the evaluation results. Combined with ‘the selection principl
evaluation garameters, one case is illustrated to clearly show how to setect indicators for water sta
evaluation. The corresponding information of reclaimed water is listed'in Table 8.

cess,
bs of
hility

Table 8 — Information of reclaimed water for water stability evaluation

Ca2+

(mg/1

as
CaC05)

240

Total
hard-
ness
(mg/1)
181

Total
alkalin-

ity
/1)
/8

Pipe-
line
mate-
rial

PO,3
-P

(mg/1)

0,27

cr
(mg/1)

TDS
(mg/1)

TN
(mg/1)

NH,*-N
(mg/1)

NOg+N
(mg/1)

5042-

H
"1 o (mg/1)

(m

91

Steel | 6,98 | 25 9,58 018 8,36 62,9 56,8 | 1429

In terms of|chemical stability, optional parameters for steel pipelines include LSI, RSI, CCPP and RI.
Among them, LSI, RSI and CCPP are paranmieters based on the calcium carbonate dissolution equilibtium,
and RI is a parameter based on malti-parameter analysis. It is recommended that one parameter is

selected for
parameters
firstly exclul
stability alg
RSI, RSl is 1
chemical std
as a single
TDS and tuy

each class of two classes (parameters of calcium carbonate dissolution equilibriuni
of multi-parametérjanalysis). Considering the characteristics of reclaimed water,

ne when coryosive ions (chloride and sulfate ions) exist in the water. Between LS
hore accurate-at pH 6,5 to pH 8. Therefore, RSI is selected as the composite parametg
1bility evaluation. The formula of RSI considers the effect of pH value, so pH is not selg
parameter again. The remaining single parameters, including hardness, alkalinity
bidity, are selected. Among them, TDS is especially important, for it reflects the effeq

and

RI is
ded because water hardness is relatively high. CCPP cannot accurately describe chejmical

and
r for
pcted
DO,
ts of

chloride and stlfate ions. The evaluation parameters for chemical stability are determined as hardhness,
alkalinity, DO, TDS, turbidity and RSI. According to the formula of RSI, the calculated value of RSI is
8,09 > critical value 6, therefore the evaluation conclusion for chemical stability evaluated by RSI is
corrosive.

In terms of biological stability, the ratio of C:P under this condition needs to be calculated and
compared with the ratio favourable for bacterial growth (e.g. the ratio of 100:1), and then it can be
determined whether phosphorous acts as a limiting factor for bacterial growth. If the answer is yes,
MAP is selected as the evaluation parameter for biological stability. If the answer is no, AOC is selected.
Besides, it is obvious that the contents of nitrogen (NH,*-N and NO5™-N) are high, which can promote
bacterial growth and activity (ammonia-oxidizing bacteria and nitrate-reducing bacteria) and further
affect biological stability, so BGP is selected to evaluate what really happens in the water sample. The
evaluation parameters for biological stability are determined as AOC (or MAP) and BGP.
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8 Evaluation parameters of water quality stability for pipeline networks

Pipeline networks are important parts for transportation and distribution of reclaimed water. Water
quality stability for reclaimed water is affected by many factors, such as hydraulic conditions and
pipeline materials. The influence of pipeline materials is mainly embodied in the surface condition,
such as roughness coefficient and chemical composition of pipelines. There are many kinds of water
supply pipeline networks. Common pipeline materials include metal, non-metal and composite types.
Metal pipelines include cast-iron pipelines, steel pipelines and copper pipelines. Non-metal pipelines
include plastic pipelines and concrete pipelines. It is recommended that stability evaluation parameters
are selected based on pipeline materials. Table 9 lists optional recommended stability evaluation
parameters for pipeline networks.

Table 9 — Evaluation parameters of water quality stability for pipeline networks
Parameter Pipeline network
Steel and gal- Concrete and cement Castiron Non-fer-
. g pipelines, and cement- Plastic) {'and ductile
vanized steel . . rous metal
mortar-lined metal castiron
pH ° ° ° ° °
Hardness . . . .
Single pa- Alkalinity . . . .
rapeter |DO . . . .
TDS L] L] L] L]
Turbidity . . . . .
AOC L] L] [ ] [ ] ]
MAP ° ° ° ° °
BGP e o ° ° °
LSI .
RSI o
Conpposite |CCPP ° °
pargameter |A] o
ILR .
RI o °
NOTE The dot “e” indicates-that attention should be paid to this category.
9 Evaluation-parameters of water quality stability for equipment
Reclgimed water is widely used in many fields with various modes, and the types of relateql equipment

are quitédifferent. Cooling water is the highest utilization for industrial applications of reclz
In addifion, reclaimed water is usually used as toilet flushing water and landscape water.

imed water.

Annex | and

Annex K, respectively, provide guideline values for reclaimed water used in toilet and urinal flushing
and recreational purposes. Table 10 lists optional recommended stability evaluation parameters for
common equipment.

© IS0 2022 - All rights reserved
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Table 10 — Evaluation parameters of water quality stability for equipment

Parameter Equipment
Boiler and heat Air conditioning | Toilet-flushing device? Irrlgatlon
exchanger equipment
pH ° ° ° °
Hardness . . .
Alkalinity . . .
Single param- |po o o o
eter
TDS . o o
Turbidity . . . .
AOC . . . .
MAP L ° o °
BGP . . . o
LSI o
_ RSI .
Composite] CCPP . p
parameter
ILR .
RI . o

NOTE The ¢lot “o” indicates that attention should be paid to this category.

a2 Some couptries and regions regulate that reclaimed water used for toilet'and urinal flushing should be disinfectefl.

The selection of evaluation parameters is affected by a variety of factors, and the selection of evaluption
indicators gtill needs to be combined with specificsituations of different regions. Appropriate
modifications are needed under certain circumstances,
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Annex A
(informative)

Information on corrosion types

Table A.1 describes common corrosion types of metals and alloys.

Table A.1 — Corrosion types of metals and alloys

Corrosion type

Notes

Elect

rochemical corrosion

Corrosion involving at least one anodic reaction and one cathédic react

ion

Chen

hical corrosion

Corrosion not involving electrochemical reaction

Gens

ral corrosion

Corrosion proceeding over whole surface of the metal exposed to the
vironment

orrosive en-

Locallized corrosion

Corrosion preferentially concentrated on discretessites of the metal sur
to corrosive environment

face exposed

Unif

rm corrosion

General corrosion proceeding at almostthe'same rate over whole surf3g

ce

Pitti

g corrosion

Localized corrosion resulting in pits,i.e& cavities extending from the suj
metal

face into the

Laye

r corrosion

Corrosion of internal layers of wrought metal, occasionally resulting i
i.e. detachment of unattackedlayers

h exfoliation,

Dep(

sit corrosion

Localized corrosion associated with, and taking place under or immedi
a deposit of corrosion products or other substance

htely around,

Micr
corr

bbiologically influenced
sion

Accelerated deterjoration of metals owing to the presence of biofilms on t

heir surfaces

Highl
sion

-temperature corro-

Corrosion by-gases or deposits or both gases and deposits occurring at ¢
peratures under conditions where aqueous electrolytes no longer exist

levated tem-
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Annex B
(informative)

Chemical stability guidelines for water quality in urban water

supply systems of some countries

B R
some countries.
[Cable B.1 — Chemical stability parameters in urban water supply systems
Parpmeter Norway Denmark UK USA Canada Germany
pH 7,5to 8,5 8 55t09,5 6,510 8,5 6,5t0'6,8 6,5t0[9,5
Alkalinity (mg/1) 60 to 100 > 160 >50 - - -
Hardnpss (mg/1) 15 to 25 20 to 200 - - - -
Chloride (mg/1) <100 <50 - < 250 <250 <250
Sulfate (mg/1) <100 <50 - 3250 <250 < 240
Iror} (mg/1) <01 0,05 - <0,3 <0,3 <02
Mangar'ese (mg/1) 0,05 0,02 - 0,05 0,05 <0,05
Aluminfum (mg/1) 0,1 0,05 - 0,1 0,1 <0}
Langelier saturation index - - > 0 - 0
([SO,*1+[CI)/[HCO5 ] - - - - - <1
NOTE The yalues for chemical stability parameters in urbap-water supply systems are based on Reference [38].

20
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Annex C
(informative)

Guidelines for water conditioning of boiler water in Japan

Table C.1 describes guidelines for water conditioning of boiler water in Japan.

Table C.1 — Guidelines for water conditioning of boiler water

Parameter Cylindrical boiler | Multitubular special circulation boiler [Watertube boiler
Nofrmal operating <1 >1<2 <1 >1 <3 <2 >2. <73 <1 >1,<2
pressure (MPa) ’ ’ , )

10,5 to 10,0 to

pH 11,0 to 11,8 11,0 to 11,8 o Yo 11,0 to 11,8
Acld consumption
P 100 t0 800 | 600 max. | 129 1600 max.| 250 diax. | 150 max. | 2% | 600 max.
(pH },8, mg/1 CaCO5) 800 800
Ac]d consumption

80 to 600 | 500 max. |80 to 600 [ 500 max.} 200 max. | 120 max. |80 to 6(0| 500 max.
(pHP,3, mg/1 CaCO5)

Conductivit
y 400 t0 600 350 max. | 400 max. | 300 max.| 150 max. | 100 max. | 400 mafx. | 300 max.

(mS/m) max.

Chloride (mg/1) 40?;:}(600 350 max. | 400, max. | 300 max.| 150 max. | 100 max. |400 majx. | 300 max.
Phpsphate (mg/1) 20 to 40 20 to 40 10to30 | 5to15 2P to 40

Sulfite (mg/1) 10 min. 10 min. | 10to20 | 10to20 | 5to10 | 10 min. | 10 to 20

NOTE  The parameter values for water copditioning of boiler water in Japan are based on Reference [39].
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Annex D
(informative)

Reuse of urban recycling water — Water quality standard for
industrial use in China

Table D 1 d Alctha wiatar oty ctandard for1nductial neac Aaf b rocucling vratar 10 Chino
. Crrorro—Trre—yvyvroce T T y - otoiroor o TUT oot ol GoTy Ul Ul oolr rov

ywehngwateri-China-
Table D{1 — Water quality standard for industrial uses of urban recycling water in'Ching
Cooling water
Open-type recir-| Washing | Boiler make-up, \* Process and
Parameter Once-through culating cooling water water product water
cooling water
water
pH 6,5t09,0 6,5t0 8,5 6,5t09,0 6,5 t0:8,5 6,5to 8,p
TSS|<
30 - 30 - -
(mg/1)
Turbidjty <
- 5 - 5 5
(NTT)
Coloufr <
30 30 30 30 30
(Hazg¢n)
BOD4 <
30 10 30 10 10
(mg/1)
CODg, =
q - 60 - 60 60
(mg /1)
Fe -
0,3 0,3 0,3 0,3
(mg/1)
Mn g -
0,1 0,1 0,1 0,1
(mg/)
Chlorigle <
250 250 250 250 250
(mg /1)
Silicg <
50 50 - 30 30
(mg/1)
Total har@lnéss <
450 450 450 450 450
(mg/1 CaCO3)
Total alkalinity <
350 350 350 350 350
(mg/1CaCo0,)
Sulfate <
600 250 250 250 250
(mg/1)
NOTE The parameter values for industrial water are based on Reference [40].
Key
BOD; five-day biochemical oxygen demand
CFU colony-forming unit
NTU nephelometric turbidity unit
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Table D.1 (continued)

ISO 24416:2022(E)

Cooling water
Open-type recir-| Washing | Boiler make-up | Processand
Parameter Once-through culating cooling water water product water
cooling water
water
NH;-N < _
- 10 10 10
(mg/1)
Total phosphorus < -
phosp - 1 1 1
(mg/1)
TDS <
1000 1000 1000 1000 1000
(mg/1)
Petroleum < - -
1 1 1
(mg/1)
Anipnic surfactant < - -
0,5 0,5 0,5
(mg/1)
Regidual chlorine =
0,05 0,05 0,05 0,05 0,05
(mg/1)
Fagcal coliforms <
2000 2000 2000 2000 2000
(CFU/1 000 ml)
NOTE  The parameter values for industrial water are based on Reference [40].
Key
BOD{ five-day biochemical oxygen demand
CFU |colony-forming unit
NTU | nephelometric turbidity unit
©1S0 2022 - All rights reserved 23


https://standardsiso.com/api/?name=6ac0d1f2bd5ef839977ff2c648701131

ISO 24416:2022(E)

Annex E

(informative)

Water quality parameter limits of reclaimed water depending on

Table E 1 lis ccaomaatar auality nararaatar nite of raclatiaad vatar dananding on cnacific on
. S-SeHe-wategta FHRete eSO e erdieawatterae peRathigoR-5pectHecu5e-

24

specific use

Table EJl — Water quality parameter limits of reclaimed water depending on specificuse

ey ot

[S)

barameters Private, urban Environmental Indll:.;:; aq- Industrial
and irrigation |and aquaculture cooling
recharge
pH 6,0 to 9,5 6,0 to 9,5 7to9 7,0 to 8,5
DO (mg/1) >0,5 >3 >8 >3
TSS (mg/1) 10to 20 10 to 20 - 10 to 20
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Annex F
(informative)

ISO 24416:2022(E)

Modification methods based on the original AOC method

Table F.1 lists some modified measurement methods based on the original AOC method.

Table F.1 — Modified measurement methods based on the original AOC method
References Modification Notes
Standardized AOC method based on stepwise inoculation with )°.
[44], [42] Pseudomonas fluorescens P-17 and Spirillum NOX Qriginal method
[43] Incorporation of four species in the inoculum
[44] A single fast growing Acinetobacter used for the inoculum
[45] Increased inoculation density
- - Increased $peed
[19] Increased incubation temperature
[46] Rapid macroscopic technique
[47] Rapid technique based on flow cytometry
[48] 40-ml vials batched instead of 1-1 flask Reduction of contamination
potential
[49] Natural microbial consortium used for inoctulum Greater sengitivity
[50] Samples heated to 72 °C then cooled on.ce instead of pasteurization : .
— - — Greater biosfability
[51] Use of membranes to sterilize thewater instead of pasteurization
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Table G.1 describes the biological stability guideline values for AOC.

Annex G
(informative)

Biological stability guideline values for AOC

Table G.1 — Biological stability guideline values for AOC

References Parameters Units Reported values
[5D] AOC 2 to 311
[S[L] ) ) 4.t0'130
521|531 (without chlorine) =10
[5#] pg/l 92 to 482
[5p] AOC 36 to 446
[19],([20] (with chlorine) 50 to 100
[56] <200

26
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Annex H

(informative)

ISO 24416:2022(E)

Comparison of measurement methods for evaluation parameters
of biological stability

Table-HA-ceompares-the-measurementmethodstor-evaluationparameters-efbislogicalstahility.
Table H.1 — Comparison of measurement methods for evaluation parameters of bjological
stability
Method AOC BGP BFR BDOC MAP ATP
Ingculation Pure bacteria Indlgenqus Indlgeno'us bac- Indlgengus Pure bacteria Indlgengus
bacteria teria bacterja bacteria
Inubation 20°C 20°C >10°C 22-25°C 22°C 30°C
tenpperature
In:gt;?:on 3dto5d 5dto7d |Weeks to months 28d 3d 1dto5d
Adenosine- Difference be-
Total microbial | Total microbi- . tween initial | Amount of
Results triphosphate . ATP
count al count DOC and final | phosphorus
(ATP)
DOC
Expression |Acetate carbon Cells. per mil- pgATP/cm?2-d Organic car- ng PO,-P/L | [ng ATP/cell
lilitre bon
NOTE  The comparison is based on References [22],{57] and [58].

© IS0 2022 - All rights reserved

27


https://standardsiso.com/api/?name=6ac0d1f2bd5ef839977ff2c648701131

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Abbreviated terms 
	5 Water quality stability 
	5.1 General 
	5.2 ​Evaluation principles of water quality stability 

	6 ​Evaluation system of water quality stability 
	7 ​Evaluation parameters of water quality stability 
	7.1 General 
	7.2 Single parameters 
	7.3 Composite parameters 
	7.3.1 General 
	7.3.2 Langelier saturation index (LSI) 
	7.3.3 Ryznar stability index (RSI) 
	7.3.4 Calcium carbonate precipitation potential (CCPP) 
	7.3.5 Aggressive index (AI) 
	7.3.6 Larson corrosion index (LR) 
	7.3.7 Riddick corrosion index (RI) 

	7.4 Selection principles of evaluation parameters 
	7.5 Case study of evaluation parameters selection 

	8 ​Evaluation parameters of water quality stability for pipeline networks 
	9 ​Evaluation parameters of water quality stability for equipment 
	Annex A (informative) Information on corrosion types 
	Annex B (informative) Chemical stability guidelines for water quality in urban water supply systems of some countries 
	Annex C (informative) Guidelines for water conditioning of boiler water in Japan 
	Annex D (informative) Reuse of urban recycling water — Water quality standard for industrial use in China 
	Annex E (informative) Water quality parameter limits of reclaimed water depending on specific use 
	Annex F (informative) Modification methods based on the original AOC method 
	Annex G (informative) Biological stability guideline values for AOC 
	Annex H (informative) Comparison of measurement methods for evaluation parameters of biological stability 
	Annex I (informative) Chemical stability evaluation conclusions for different composite parameters 
	Annex J (informative) Guideline values of reclaimed water used in toilet flushing 
	Annex K (informative) Guideline values of reclaimed water used for recreational purposes 
	Bibliography 

