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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.
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Introduction

The water quality specifications for water for injection (WFI) are given in national and International
Standards and are well defined and understood.

The WFI generation systems potentially have to be able to cope with fluctuating feed water quality and
be in accordance with the company policy and current good manufacturing practice (cGMP).

Properly engineered, constructed, operated and maintained membrane-based generation systems
can have comparable reliability in meeting WFI quality specifications with low operational costs in
comparison with thermal-based WFI generation At the time of publication, all major ph
allow non-distillation-based WFI generation, with the exception of the Chinese Pharntac
Chingse Pharmacopoeia has initiated revisions to related standards.

This

rmacopoeia

document has been developed to address the lack of an International Standard

mempbrane-based WFI generation.

The

This

aim of this document is to:
get out clear principles needed for reliable membrane-based generation of WFI;
improve membrane-based generation of WFI process systems.annd methods;

¢ombine relevant standards, guidelines and global ekpert knowledge into one I
$tandard;

¢onsider in-system microbiological aspects of WELgeneration;
gtandardize expectations for membrane-basedWFI generation.

document provides a global benchmark that can be used by industries that use the WK

system.

opoeia. The

concerning

hternational

[ generation
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INTERNATIONAL STANDARD IS0 22519:2023(E)

Membrane-based generation of water for injection (WFI)

1 Scope

This document provides a benchmark for evaluation of the design, operation and performance of water
for injection (WFI) generation systems based on membranes.

This[documentis applicable to the design of new systems.
This|document covers the following topics:
— principles of membrane-based WFI generation systems;

— Jprocess design, construction, operation and maintenance of membrane-based WF] generation
systems;

— ¢ontrolling membrane-based WFI generation system parameters.
This|document does not cover the following topics:
— validation;

— (dlistillation.

2 Normative references

The following documents are referred to inthe 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 document (including any amendments) applies.

ISO 40670, Water reuse — Vocabulary

3 Terms, definitions and abbreviated terms
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:

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

— IECElectropedia: available at https://www.electropedia.org/

3.1 Terms and definitions

311

pretreatment

equipment and process stages up to and including the first-pass reverse osmosis (RO) pump or other
membrane-based primary bioburden reduction step

3.1.2
generation system
equipment and process stages after (downstream) reverse osmosis (RO) stage 1 pump

©1S0 2023 - All rights reserved 1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=3ba82f1c09e18700b418ce08ce2c83db

ISO 22519:2023(E)

3.1.3
multimedia filter
MMF

layered filtration media in a pressurized container, used to reduce the level of suspended solids in

incoming feed water

Note 1 to entry: Media layers can consist of anthracite, sand and garnet.

3.1.4
chlorination

dosage or generation of hypochlorite or chlorine to generate controlled free chlorine levels in the

system

3.1.5

activated carbon filter

ACF

activated carbon media for removal of free chlorine, chloramines and total organic cafbon (TOC)

Note 1 to enfry: The media can be applied as a granular activated carbon (GAC) pressufized containel
cartridge type. The configuration of the activated carbon filter can depend on, foréxample, the level o
water impurities and system capacity.

3.1.6
ultraviolet
uv
irradiation pf water with light in wavelengths ranging from 180 nm to 350 nm for dechlorin
or disinfectjon purposes at higher wavelengths and total organic carbon (TOC) reduction at 1
wavelengths

3.1.7
molecular weight cut-off
MWCO
molecular weight at which 90 % of the macromglecular solute is rejected by the membrane

3.1.8
electrodeignization
EDI
process for jon removal from water'utilizing electricity, ion exchange membranes and resin

3.1.9
continuous|electrodeionization
CEDI
process for jon removalfrom water utilizing electricity, ion exchange membranes and resin

3.1.10
polishing UF

or a
feed

htion
pwer

polishing ulltrafiltration

membrane-based process for reduction of endotoxin, total organic carbon (TOC) and bacteria post-RO

or post-electrodeionization (EDI) or continuous electrodeionization (CEDI)

3.2 Abbreviated terms

ACF activated carbon filter

CEDI continuous electrodeionization

EDI electrodeionization

EPDM ethylene propylene diene (M-group)

2 © IS0 2023 - All rights res
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HWS hot water sanitization
MWCO molecular weight cut-off
MMF multimedia filter

PTFE polytetrafluoroethylene
RO reverse 0smosis

SOP standard operating procedure
SS stainless steel

TOC total organic carbon

UF ultrafiltration

uv ultraviolet

WFI water for injection

4 S$ystem boundaries

For the purpose of this document, the boundaries for the(WFI generation system are as foll

a)

b)

c)

d)

5

Inco

in Rgference [3]. If incoming feed water does not comply with drinking water requirement

syst

of the system.

A water treatment system that aims to improve the feed water to potable standards i
the WFI generation system.

3t the point of use (POU) if a tank i$ not installed.
The WFI storage tank is notincluded in the WFI generation system boundary.

|Industrial” treatment systems upstream of the WFI generation system, including supg
ﬂzant utilities, for example steam boilers, potable water usage and feed to cooling toy
included in the WFl.generation system.

Feed water

ming feed water should meet the potable water standards of the World Health Organiz:

DWS:

The inlet of potable water to the equipment dedicated to the WFI pretreatment system is the start

5 not part of

The WFI generation system end beundary is at the inlet valve (inclusive) of the WFI stojrage tank or

ply to other
Fers, are not

ition (WHO)
5, additional
-based WFI

¢nms’should be installed to improve the feed water parameters before the membrang

generation system.

6

6.1

Process design for membrane-based WFI generation systems

General

This clause gives guidance on proper design of the water treatment system. A risk assessment should
be carried out to improve the final system design by modifying or completing the details in all clauses
accordingly, if applicable.

© IS0 2023 - All rights reserved
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6.2 Design conditions

The WFI generation system design should be stable under common worst-case scenarios:

a) changing seasons;

b) feed water microbial load;

c) fluctuation of feed water quality;

d) other fluctuating environmental conditions.

6.3 Impolrtant design factors

For designir
into accoun
operation of

a) scale;

b) TOC;

c) silica;
d) iron;

e) mangar]
f) dissolvd
g) suspend
h) dechlor

i) microbij
6.4 Exam

systems

a) Sanitan

b) Initial f

c¢) Membr4
d) Sanitan
(SMBS)

1g a membrane-based WFI generation system, the feed water composition should-be {
t. The following critical parameters may be considered to ensure reliabletand effe
primary purification unit operations:

ese;
d solids;
led solids;
nation;

al.

ples of possible configurations of water technology stages in WFI generatig

L: dosing of free chlerine or chlorine dioxide.
Itration: MMF,eartridge depth filter, UF, screen filters, disk filters.
Ine anti-scaling: softener, electrical scale control, antiscalant.

L removal stage: activated carbon, UV, sodium bisulfite (SBS) or sodium metabisy

aken
ctive

L fite

s L e o RO—Aaial RO
e) Productiet StTage  SHIgre=pass U, aouDre=pass nU:

f) CO,removal: caustic dosing (upstream final-pass RO) or contact degassing membrane (upstream of
final stage).

g) Final stage for further reduction of product conductivity and/or other contaminants (if needed):
CEDI/EDI and/or ultrafiltration.

6.5 Primary microbial reduction unit operations

a) A minimum of two membrane barriers for microbiological and endotoxin removal should be
implemented in accordance with the options listed or in conjunction with extra process steps:

— RO-

RO;

© IS0 2023 - All rights reserved
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b)

6.6

The mminimum instrumentation should be:

a)
b)

)

7

f)

ISO 22519:2023(E)

— RO-UF (polishing UF with endotoxin log reduction or minimum MWCO);
— other validatable membrane-based systems.

The following additional processes may be implemented as deemed necessary:
— UVirradiation;

— microbial or absolute retentive filters;

— polishing UF;

1
UtllCl PIULCS5TS.

f only one membrane barrier is used then the following risk assessment and implementation may

e drawn up to ensure proper bioburden removal post-membrane:

— institute an independent technological process;

1+ apply appropriate testing.

Instrumentation

¢onductivity instruments after all RO and CEDI/EDI steps;
¢onductivity instruments needed for final productmeasurement;

TOC sample points or TOC online instrumentation for final product monitoring.

$anitization

General
The sanitization performanee\should be compliant with a contamination control strate
$anitization shall be possible throughout the system, from pretreatment to generation

$anitization principles and approaches may differ between pretreatment and fing
gystems.

Hot water or,0ther proven sanitization is needed for the final membrane barrier.

Hot water“temperature or sanitant concentration, time and cycle shall be demonst
effeetive in controlling microbiological growth.

gY:

included.

| treatment

rated to be

T Yot ot e o e oo uaror o et e oy oo rrrer e or

7.2 Sanitization types

Sanitization types should be as follows:

a)
b)

‘)

hot water (preferred);
chemical;

other equivalent processes.

© IS0 2023 - All rights reserved
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8 Construction

a) The system shall be hygienically designed and built downstream of final membrane barrier.

b) Consideration should be given to an implementation of hygienic principles in the production system
as necessary based on risk assessment.

c) The components in the pretreatment and generation system should be fabricated from:

— SS304/SS316 (“L” for low carbon content needed if components are welded);

— Polyvinylidene fluoride (PVDF) or other non-corroding, resistant against the intended

sanfitization method, for instance HWS, non-particle shedding and non-leaching materials
d) Gaskets shall be one of the following:
— EPDM encapsulated with PTFE gaskets;
— fullEPDMV;
— full|PTFE;
— siligone;
— fluqroelastomers;
— conpbinations of inert, resistant against the intended sanitization method, for instance HWS,
norf-particle shedding and non-leaching elastomers.
Prior to conftruction, the system designer should identify.certification standards to confirm suitability
of components to the operating parameters in the different parts of the system.
9 Demonstrating performance of critical quality attributes
a) Sampling programmes should include in-5ystem and unit operation sampling to verify control of
system parameters in the system.
b) The minimum microbial parameters that should be monitored are:
— total microbial count;
— endotoxin;
— objéctionable grganisms.
c¢) The mijimumchemical parameters that should be monitored are:
— conriuctivity (online);
— TOC;
— other relevant parameters.
NOTE If an online conductivity instrument or TOC analyser is installed and the online conductivity or TOC
analyser has already met regulations for online measurement, there is no need for samples to be taken for off-line
conductivity or TOC testing.
10 Sampling

a) Specific sampling locations and appropriate valve type should be provided to demonstrate control
and to meet the requirements of Clause 9.
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