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1. Introduction/+44

1.1 Scope of the document3C 47 B%

The guidance contained in this document is intended to provide information about the available
specifications for water for pharmaceutical use (WPU), guidance about which quality of water to use
for specific applications, such as the manufacture of active pharmaceutical ingredients (APIs) and
dosage forms, and to provide guidance on the good manufacturing practice (GMP) regarding the
design, installation and operation of pharmaceutical water systems. Although the focus of this
document is on water for pharmaceutical applications, the guidelines may also be relevant to other
industrial or specific uses where the specifications and practices can be applied.

AT P P R 0 25 K (WPU)IEAT RE , PR BT B A== R 285 CAPDD I
KPR gy 1R, RIS K RG22 Msfr i BtGMPHE I . R A SCRY I
THIZGAK, ARG 05 R AT T A AR 5S4 T b ks Rk 3

The GMP guidance for WPU contained in this document is intended to be supplementary to the
general GMP guidelines for pharmaceutical products published by WHO (WHO Expert Committee on
Speci- fications for Pharmaceutical Preparations. Thirty-seventh report. Geneva, World Health
Organization, 2003 (WHO Technical Report Series, No. 908), Annex 4).

AR HIZIHIK (WPU) GMPHR R & X WHOR R [ H1 257~ i GMP R #h 7. (WHOE K
RORRTHRIRMER, WEHITR, O, AT, 2003 (WHOH AR S R4, H
9085 ) HifF4)

This document refers to available specifications, such as the pharmacopoeias and industry guidance
for the use, production, storage and distribution of water in bulk form. In order to avoid confusion it
does not attempt to duplicate such material.

AIHRES 2 T HIRIE, W2y MAHCROKIER], 2277, AEAF RIS TR rE o Ol it S it fik,
A SR A XA R EAT S o

Note: This document does not cover waters for administration to patients in their formulated state or
the use of small quantities of water in pharmacies to compound individually prescribed medicines.
The guidance provided in this document can be used in whole or in part as appropriate to the
application under consideration.

s AR 2 O = £ 135 e 46 AL 5 21N AR K, A SO i B AT
DA sl o) i e R 12 2% .

Where subtle points of difference exist between pharmacopoeial specifications, the manufacturer will

be expected to decide which option to choose in accordance with the related marketing authorization
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submitted to the national drug regulatory authority.
ATCRG S 25 RE AR TZE S, A B n] ARl R K 25058 BER B L (R AR SC A A5 BURGE B AH
P S/

1.2 Background to water requirements and uses

KRB RFME I

Water is the most widely used substance, raw material or starting material in the production,
processing and formulation of pharmaceutical products. It has unique chemical properties due to its
polarity and hydrogen bonds. This means it is able to dissolve, absorb, adsorb or suspend many
different compounds. These include contaminants that may represent hazards in themselves or that
may be able to react with intended product substances, resulting in hazards to health.

AR, I T ANBC ] e W A P o, R EGR a5 JsUR e el TR MR R, KR
AMEFHL k. KB AR, WOl EFE 2 AR B XY R RE 2T A, B
AEESHH T RF W G Prm RN, Tfd RREIE G

Different grades of water quality are required depending on the route of administration of the
pharmaceutical products. One source of guidance about different grades of water is the European
Medicines Evaluation Agency (EMEA) Note for guidance on quality of water for pharmaceutical use
(CPMP/QWP/158/01).

AR 1 247 et ) BT SRS A, R 7RO SR S G AN I o 7K 5 A 4 (X 70 7T A S 2% B 2454
PFHTZ 2 (EMEA) (30 (2 KK i 5 B I (CPMP/QWP/158/01))

Control of the quality of water throughout the production, storage and distribution processes,
including microbiological and chemical quality, is a major concern. Unlike other product and process
ingredients, water is usually drawn from a system on demand, and is not subject to testing and batch
or lot release before use. Assurance of quality to meet the on-demand expectation is, therefore,
essential. Additionally, certain microbiological tests may require periods of incubation and, therefore,
the results are likely to lag behind the water use. Control of the microbiological quality of WPU is a
high priority. Some types of microorganism may proliferate in water treatment components and in the
storage and distribution systems. It is very important to minimize microbial contamination by routine
sanitization and taking appropriate measures to prevent microbial proliferation.

TR fEAE RN C 2, o 2B 1 o R 7K B R G A R 2 P R EAT 5 o R LA 1Y
P L 2R, RIS T SRR G BUK, A2 A A gt i B . B, RAE S
SRR AR E L. teAh, ST 22 R, B, ARATREERIKZ G
A REMI A A 120 25 K ARl A= 4 e A v S R, A el e ] e A K AR BB A AN it 17
IIBEARGE P AT T DURAT b AT W 5 LA AD A5 g, SR AT N 1) 7 3CBH L ok
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AT

1.3 Applicable guides
MR

In addition to the specific guidance provided in this document, the Bibliography lists some relevant
publications that can serve as additional background material when planning, installing and using

systems intended to provide WPU.
B T ASCRA L TEARSRE, 25 1 H A T SRR, TR 2k MM A
ZI K RG] LUSR AL S PR (15 S Dk
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2. General requirements for pharmaceutical water systems

HIZHHAK R R R EAZR

Pharmaceutical water production, storage and distribution systems should be designed, installed,
commissioned, validated and maintained to ensure the reliable production of water of an appropriate
quality. They should not be operated beyond their designed capacity. Water should be produced,
stored and distributed in a manner that prevents unacceptable microbial, chemical or physical
contamination (e.g. with dust and dirt).

TSI HIE, MRS, HEETRO. 228 WK, JELAURYEd, LARUEK
ToRo RGAHER R ZAMEAT, K™ A7 A0 3 BE I 2 R0 3t oA 35 T4
WAEs B i) T3 s .

The use of the systems following installation, commissioning, validation and any unplanned
maintenance or modification work should be approved by the quality assurance (QA) department. If
approval is obtained for planned preventive maintenance tasks, they need not be approved after
implementation.

RGN A de WB AIERMHAR R VIR e 8B A, N2l T AR R ]
HEAE . A SR SRAHEHE J5 EAT TSI PR 4P AT55, AEHAT 25 ANTs EEHEAIE

Water sources and treated water should be monitored regularly for quality and for chemical,
microbiological and, as appropriate, endo-toxin contamination. The performance of water purification,
storage and distribution systems should also be monitored. Records of the monitoring results and any
actions taken should be maintained for an appropriate length of time.

I3 58 0 KU RN AL K B AN 7 S 35 3R TS A AT Ml o [ I E0) 7K Ak
T A7 A1 73 BE AR S8 IR REEA T A% o T I &5 SR DL PRLHER B A T B EA T 1T S 046 58— BURF A o
Where chemical sanitization of the water systems is part of the biocontamination control programme,
a validated procedure should be followed to ensure that the sanitizing agent has been effectively

removed.

WER B A PER R GER AW BEIK R GE, NPT IAERRE , ORIIEAT R B P IR I #5710
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3. Water quality specifications

I E

3.1 General

Syl

The following requirements concern water processed, stored and distributed in bulk form. They do not
cover the specification of waters formulated for patient administration. Pharmacopoeias include speci-
fications for both bulk and dosage-form waters.

TFHVESRAE T BRI Ty AR 2T, A K A 85 o 1 B - 24 4+ o Bk
AR KA R AE o

Pharmacopoeial requirements for WPU are described in national and international pharmacopoeias
and limits for various contaminants are given. Companies wishing to supply multiple markets should

set specifications that meet the strictest requirements from each of the relevant pharmacopoeias.
X2 FHZK R 2 SR, 1R AR L s 2 AT R, RIS T DA 6 2% By B o R Bl o
RITEN N B 11737 (0 ARb N A SR 48K, LART & BRI AR 5 245 L) ™ R E

3.2 Drinking-water

K

Drinking-water should be supplied under continuous positive pressure in a plumbing system free of
any defects that could lead to contamination of any product.

IR LR, T8 R G A AN S ATAT W] B3 2™ S Y B be, SRR I IS kAT 145
Drinking-water is unmodified except for limited treatment of the water derived from a natural or
stored source. Examples of natural sources include springs, wells, rivers, lakes and the sea. The
condition of the source water will dictate the treatment required to render it safe for human
consumption (drinking). Typical treatment includes softening, removal of specific ions, particle
reduction and antimicrobial treatment. It is common for drinking-water to be derived from a public
water supply that may be a combination of more than one of the natural sources listed above. It is also
common for public water-supply organizations to conduct tests and guarantee that the drinking-water
delivered is of potable quality.

R IARANT EEAR B, TR ARIK B U B BE B, T ] B AR B o RAR DU — AR SROK
K, WAL WINERIRHE . WX /K B AL P T B AR NS HE CRAD AR R b 2 5K
AR, BT, WAL R BURAEAE E  AT SR AR K IR 2 HIZK A R R g kel 1 A
FARFBIMUR AR BEHE, BTEL, 2 KU LR 75 EERAOH K Bt ATk, ORISR
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IR BIRFE A K B B bRt o

Drinking-water quality is covered by the WHO drinking-water guidelines, standards from the
International Organization for Standardization (ISO) and other regional and national agencies.
Drinking-water should comply with the relevant regulations laid down by the competent authority.
WHOYH K H L E T UK, 3R E B brAEAL 4120 (ISOD R At by X A0 [ S LR
MIARHEREAT T RE « IR AT 5 2258 24 Jay ) HROAH 9G4 A

If drinking-water is used directly in certain stages of pharmaceutical manufacture or is the feed-water
for the production of higher qualities of WPU, then testing should be carried out periodically by the
water user’s site to confirm that the quality meets the standards required for potable water.

AR K FAE T2 AN IRAY, B FIAE o v B 25 K IRk K, S AE A ke
AT, PAORAE K SR S AR Kb o

3.3 Purified water

aidboK

Purified water (PW) should be prepared from a potable water source as a minimum-quality feed-water,
should meet the pharmacopoeial specifications for chemical and microbiological purity, and should be
protected from recontamination and microbial proliferation.

aiA K (PW) J 7KK A S AR/ T B SRR R KR, N4 75 45 24 Al R A= D B2 R R E
[FIH 22 77 1 P e A AT o

3.4 Highly purified water

[TV

Highly purified water (HPW) should be prepared from potable water as a minimum-quality feed-water.
HPW is a unique specification for water found only in the European Pharmacopoeia. This grade of
water must meet the same quality standard as water for injections (WFI) including the limit for
endotoxins, but the water-treatment methods are not considered to be as reliable as distillation. HPW
may be prepared by combinations of methods such as reverse osmosis,

ultrafiltration and deionization.

27K (HPW) 1 J5t 7K 3E 7K I S AR A S EE SRR 7K o ST LE R 245 38 h A0 v 2l K (R RLE
AR KDL ATEBIES FHK (WFD KSR e, AR B2 BRI, (H2 w4k i 7K ik
HIPEA AR AE . ATLCR U M S hl & ek, . Rg&E, @I L 1.

3.5 Water for injections

HEHAK
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Water for injections (WFI) should be prepared from potable water as a minimum-quality feed-water.
WFT is not sterile water and is not a final dosage form. It is an intermediate bulk product. WFI is the
highest quality of pharmacopoeial WPU.

TESFHIZK CWED J5UK 3E K I e AR A SR IR, TS RIRASE TERK, A S 2 7,
T v TR i VAR5 P AR5 24 IO 1) 6 24 K R B s ZK 0

Certain pharmacopoeias place constraints upon the permitted purifi-cation techniques as part of the
specification of the WFI. The International Pharmacopoeia and The European Pharmacopoeia, for

example, allow only distillation as the final purification step.
FELE 2 PO AL B AINAEBR B A1, AEvE S KK i, [ Br 24 ORI 245 8, 08
AL o — A &

3.6 Other grades of water
HAt K

When a specific process requires a special non-pharmacopoeial grade of water, this should be
specified and should at least satisfy the pharmacopoeial requirements of the grade of WPU required

for the type of dosage form or process step.
R E TSR IR AR 25 SO K N, T SEREAT R A B, [ I a0 20005 2 1) 245 T 7K 24 oK
ORI R R B T2 BRI K
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4. Application of specific waters to processes and dosage forms

JKAE T EHFR B S

Product licensing authorities define the requirement to use the specific grades of WPU for different
dosage forms or for different stages in washing, preparation, synthesis, manufacturing or formulation.
77 i VF RSB URGD o f5 FRY 5 25 2 ) o) 25 P ZK R AN TR R R0 B RN A oD B Wk O 3 A
il BRC T AT T HLE .

The grade of water used should take into account the nature and intended use of the intermediate or
finished product and the stage in the manufacturing process at which the water is used.

7K A5 9 BT m A4 B i RS PR A 1 AP e, AR T ZK R A7 T2 B

HPW can be used in the preparation of products when water of high quality (i.e. very low in
microorganisms and endotoxins) is needed, but the process stage or product requirement does not

include the constraint on the production method defined in some of the pharmacopoeial monographs
for WFL

et 27K AT LUI AR 26 0 7K SR BB s Can S A= 0 A0 N 2 38 5 AR I 7 i, (B T2 Bk

7 it SRS T 26 PR R AR A — 4 24 g ST A P K FR R s I 4 WA

WFI should be used in injectable product preparations, for dissolving or diluting substances or
preparations for parenteral administration before use, and for sterile water for preparation of injections.
WFI should also be used for the final rinse after cleaning of equipment and components that come into

contact with injectable products as well as for the final rinse in a washing process in which no

subsequent thermal or chemical ISP NOSGMEANON process is applied.

VESS PR R S8 7 b 000, — R P 0 0 (O ¥ A 24 49 D sl 550 60 1 A
P T BRI AR JE BRI 5 3 S 2™ i B 8 25 A0 B (K035 W 1) e e o B Al — A
FRES Kot R, RS T EWUERBAT PG Ve s AR 0E, — RS /KA (¥ i
—EE.

When steam comes into contact with an injectable product in its final container, or equipment for

preparing injectable products, it should conform with the specification for WFI when condensed.
FEA G VE 7 i i B J A e A b, A RAFAE SRS ™ AR 2801, IR A Ve RS 2
Jo M EAT A AR AR
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5. Water purification methods

KT

5.1 General considerations
Sy
The specifications for WPU found in compendia (e.g. pharmacopoeias) are generally not prescriptive
as to permissible water purification methods other than those for WFI (refer to section 3.5).
OREN (24 eyl 245 P K R RILE RO 7K R A 3R SR, A G5 P K 26 5 OISR s St
& (BHENBS5)
The chosen water purification method, or sequence of purification steps, must be appropriate to the
application in question. The following should be considered when selecting the water treatment
method:
IR T3 02 B A D SR B (38 4%, AR I AHE Y o R AL BT 2, W% BT
— BRI
— the water quality specification;
IK SR
— the yield or efficiency of the purification system;
LRGP R BR
— feed-water quality and the variation over time (seasonal changes);
BEZR K TR [R] A2 4K,
— the reliability and robustness of the water-treatment equipment in operation;
JKAL B 253247 I I P w5 1 A E 1
— the availability of water-treatment equipment on the market;
IKAE BB T R BT RE )
— the ability to adequately support and maintain the water purification equipment; and
Xf KA B 25 e R (I 8 AL A S RF AN GEST, LK
—the operation costs.
BAT AR
The specifications for water purification equipment, storage and distribution systems should take into
account the following:
IKAE PRV AT A3 T R GE (RS Y 24 2% FE DA T — BB PR 3R
— the risk of contamination from leachates from contact materials;
PRAGMA R0 H )T REIE BT G

— the adverse impact of adsorptive contact materials;
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W A PR R bR 1 A7 1T 52 )

— hygienic or sanitary design, where required;

FUE ORI AR
— corrosion resistance;

P ke )

— freedom from leakage;

TE

— configuration to avoid proliferation of microbiological organisms;
B 1 2 A e
— tolerance to cleaning and sanitizing agents (thermal and chemical);

S VENIY B R S fe ) R AL JT T
— the system capacity and output requirements; and

ARG R ER: UK
— the provision of all necessary instruments, test and sampling points to allow all the relevant critical

quality parameters of the complete system to be monitored.

RGN T A AR, U URE RO A R B S R S AT 4, .
The design, configuration and layout of the water purification equipment, storage and distribution
systems should also take into account the following physical considerations:
KA AL RGBT BLENAT R, TEFZIE IR R
— the space available for the installation;

AP e ) 72 1)
— structural loadings on buildings;

IR G5 A7
— the provision of adequate access for maintenance; and

Y4 B 5 TR S TE PR 2
— the ability to safely handle regeneration and sanitization chemicals.

RENS 224 AR PP AE A RRAL 22 S K BE

5.2 Production of drinking-water

TR K H ) 2

Drinking-water is derived from a raw water source such as a well, river or reservoir. There are no
prescribed methods for the treatment of raw water to produce potable drinking-water from a specific

raw water source.

ORI KA I, sk % o X Fur AL BRK,  AEHAE BV Kb, BT E

12 /32



WHO RIFHIAE = SZBR(GMP): #1125 /K

HOPIRF
Typical processes employed at a user plant or by a water supply authority include:
7 BRI T 2R A T2
— filtration;
RS
— softening;
Bk
— disinfection or sanitization (e.g. by sodium hypochlorite (chlorine) injection);
B RE (B nED
— iron (ferrous) removal;
LA T
— precipitation; and
IR
— reduction of specific inorganic/organic materials.

BEAR R S TEHLAT LA 5t

The drinking-water quality should be monitored routinely. Additional testing should be considered if
there is any change in the raw-water source, treatment techniques or system configuration. If the
drinking-water quality changes significantly, the direct use of this water as a WPU, or as the
feed-water to downstream treatment stages, should be reviewed and the result of the review
documented.

TR IR A TN AT FU I o G R OKK IR AP AR SR G & AT TR b, N 5 A
AR o B SR ACOK PR 225, TRk SR IR 24 FH K BRCR — 20 AL R Bt K, U
ER RS PO IR ETE o S

Where drinking-water is derived from an “in-house” system for the treatment of raw water, the
water-treatment steps used and the system configuration should be documented. Changes to the
system or its operation should not be made until a review has been completed and the change
approved by the QA department.

IR KN E A R Gehedt, HIVEARL BRI S5, W 20 7K A 31 R0 BR LK R G B AT 25 5

A MRS IS BT VAR T RN R 2 5 T nisss.

Where drinking-water is stored and distributed by the user, the storage systems must not allow
degradation of the water quality before use. After any such storage, testing should be carried out

routinely in accordance with a defined method. Where water is stored, its use should ensure a turnover
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of the stored water sufficient to prevent stagnation.

AR A S ARAER AR K, FEAE A R GERT I ORAE RERE AN PR L. fiAF 2 ), T
R e 7 OB WA T AERRKZZ AL, N M RAERR K RS Sl AT 1E Y BLAEK .

The drinking-water system is usually considered to be an “indirect impact system” and does not need
to be qualified.

YUK RGN 2R R G, AT AT AE.

Drinking-water purchased in bulk and transported to the user by tanker presents special problems and
risks not associated with potable water delivered by pipeline. Vendor assessment and authorized
certification activities, including confirmation of the acceptability of the delivery vehicle, should be
undertaken in a similar way to that used for any other starting material.

W S (R SR X AT T W i B 2 T b, DA AR R TR ) e, e e A T a8 ) LR A
P BENET VRN SBCAIE, AR R R AT B, 24 52 A AR ATk 4n Uk
FAARINIE -

Equipment and systems used to produce drinking-water should be able to be drained and sanitized.
Storage tanks should be closed with appropriately protected vents, allow for visual inspection and for
being drained and sanitized. Distribution pipework should be able to be drained, or flushed, and
sanitized.

MFEPRRIKR S MARGE, N B A HG RN RRAE T ABREN 2 3 I, e il
MR PEHE L, RERSREAT IR &, IR S HR S RE I R RERE ) 70 IO Bk N RE B HETS
MELL A B .

Special care should be taken to control microbiological contamination of sand filters, carbon beds and
water softeners. Once microorganisms have infected a system, the contamination can rapidly form
biofilms and spread throughout the system. Techniques for controlling contamination such as
back-flushing, chemical or thermal sanitization and frequent regeneration should be considered.
Additionally, all water-treatment components should be maintained with continuous water flow to
inhibit microbial growth.

XU WP ALRS, IR AT BRI A, — HRGZ AWM, 15
JERENG Y R E VI AR R 2 SE TR Biibis de i s 20, Wik, etk
PO e, BB AESETT0. AN, T AR AL BRSPS OR A AN ] WK e, LABG LB e
Wt

5.3 Production of purified water
gk %

There are no prescribed methods for the production of PW in the pharmacopoeias. Any appropriate
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qualified purification technique or sequence of techniques may be used to prepare PW. Typically ion

exchange, ultrafiltration and/or reverse osmosis processes are used. Distillation can also be used.
2 2 T RO A 25 T AT R RO, PR ART 5 3 PR 22 DA R IR AR s BRI )
FPHRBI LK H AT EEER AR A0, BUEN/EURBIE T E. IAh, BB R L ET
Bz —.
The following should be considered when configuring a water purification system:
Mlss—EAUK RGN, N 4HEER T AR E:
— the feed-water quality and its variation over seasons;
BEAK LA S 2 5 2 S B A T AR A
— the required water-quality specification;
LORIEBIRIK S
— the sequence of purification stages required;
Fv s I 2EA i B
— the energy consumption;
REHLVH MG
— the extent of pretreatment required to protect the final purification steps;
R ORAP B 2% Al A 20 SR P 5 (¥ Tk 2 5
— performance optimization, including yield and efficiency of unit treatment-process steps;
PEREAUAL, LR RGBT 200 BRI AR
— appropriately located sampling points designed in such a way as to avoid potential contamination;

and
T BRI s, AR IR e, UK
— unit process steps should be provided with appropriate instrumentation to measure parameters such

as flow, pressure, temperature, conductivity, pH and total organic carbon.
Bt T BERM AW RIAGE, A, B WA S, PHELACAH BURR B A5 2 Kt
7.

Ambient-temperature PW systems are especially susceptible to microbiological contamination,

particularly when equipment is static during periods of no or low demand for water. It is essential to

consider the mechanisms for microbiological control and sanitization.

WAL R, AUKRGA T Z B EG, JCHGR o K SO K SRR, e Kb T
FEARAS . PTEL, b 005 FE A A A A B

The following techniques should be considered:

IVEE e %N
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— maintenance of flow through water-purification equipment at all times;
IR AARFF K B &I
— control of temperature in the system by pipeline heat exchange or plant-room cooling to reduce
the risk of microbial growth (guidance value <25 °C);
M A AT S e ) Ve AIRAE R R GRS, AT B AR AR R ARG, R
<25°C)
— provision of ultraviolet disinfection;
KPS R E
— selection of water-treatment components that can be thermally sanitized; and/or
HEFERENS HEAT UK B K AL BEER s DL B/ Bk
— application of chemical sanitization (including agents such as ozone).

KA R (BRSSO

5.4 Production of highly purified water
K &

There are no prescribed methods for the production of HPW in any major pharmacopoeia, including
the European Pharmacopoeia. Any appropriate qualified purification technique or sequence of
techniques may be used to prepare HPW. Typically ion exchange, ultrafiltration and/or reverse
osmosis processes are used.

The guidance provided in section 5.3 for PW is equally applicable to HPW.

T2 RSB AT e 2K R 7 AT RE B AR MO 2 S AN Ab o BRI AR 5 0 11
ZENE R 2EABOR B0 B AR 35 T R 6 = 2K . H AR 7 X3 A 3 1 A8 . g
VEYSRE Siik i W

FT 534 B ) A 2K 1 7 2RI E P T i 2K %

5.5 Production of water for injections

K &

The pharmacopoeias prescribe or limit the permitted final water purification stage in the production of
WFIL. Distillation is the preferred technique; it is considered a more robust technique based on phase

change, and in some cases, high temperature operation of the process equipment.

2y PO ZE AR K R 2 R B 1 B B 1 R B o 2R IR LI EOR, M-S B BLf AL
W, ZEMR P BRASEEOR, A IR L2t vl e iR A FigfT.

The following should be considered when designing a water purification system:

BOFKIFE RGN, W 275 &2 R AR 5
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— the feed-water quality;
BEAIK R

— the required water quality specification;
FORIEBIRIK S

— the optimum generator size to avoid over-frequent start/stop cycling;
AR, Bk AR B e s 1 B .

— blow-down and dump functions; and

— cool-down venting to avoid contamination ingress.
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6. Water purification, storage and distribution systems

Kl RO IRL

This section applies to WPU systems for PW, HPW and WFI. The water storage and distribution
should work in conjunction with the purification plant to ensure consistent delivery of water to the
user points, and to ensure optimum operation of the water purification equipment.

AFEEL XS QK KA S KRN A2 K R Ge o IKARAE AN BE W AZ K AL 1 25
A% DR IE /K RES YRR AN Wit fay A BRI R, DA PR P AL B0 5 (R B s A T

6.1 General

Syl

The storage and distribution system should be considered as a key part of the whole system, and
should be designed to be fully integrated with the water purification components of the system.

AR AP IR G T LAV R S B RGE T LA B 73, BT Ao %A 3R S8 A 7K 1AL 3% 1
— k.

Once water has been purified using an appropriate method, it can either be used directly or, more
frequently, it will be fed into a storage vessel for subsequent distribution to points of use. The
following text describes the requirements for storage and distribution systems.

KA —ZRIRERZ G, T LAEREAE], H2 IR, ER B NEEE, i 7 i
ARYUIE R IR o T TR A7 A0 70 T 28 G ) R BEAT e i

The storage and distribution system should be configured to prevent recontamination of the water after
treatment and be subjected to a combination of online and offline monitoring to ensure that the
appropriate water specification is maintained.

T A7 A1 73 BE AR S8 R IC B N A BERE D17 1 E AR BR S KK PR 275 3%, Tl — R B I7E L B £
A AARAIE 7R PRATFAE R E (1K B A o

6.2 Materials that come into contact with systems for water for pharmaceutical use
HIZ5 FIK R AR
This section applies to generation equipment for PW, HPW and WFI, and the associated storage and
distribution systems.
N BRGNS K B K e LLAH I AR A M R Bt
The materials that come into contact with WPU, including pipework, valves and fittings, seals,

diaphragms and instruments, should be selected to satisfy the following objectives.

AN 25 K AR, R B T IRV BT BRI LA R AR, 75 BT F A b
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» Compatibility. All materials used should be compatible with the temperature and chemicals used by
or in the system.

TR TR HT BOA AR 24 B A% M1 2R 48 rP A FH 1) R G A £ TR B R 2 ) JB e 45«

* Prevention of leaching. All materials that come into contact with WPU should be non-leaching at the

range of working temperatures.

B2 1o BITAT RN 245 P 7K A AR R IR A3 8 S TRl A ANt A2 o

« Corrosion resistance. PW, HPW and WFI are highly corrosive. To prevent failure of the system and
contamination of the water, the materials selected must be appropriate, the method of jointing must be
carefully controlled, and all fittings and components must be compatible with the pipework used.
Appropriate sanitary specification plastics and stainless steel materials are acceptable for WPU
systems. When stainless steel is used it should be at least grade 316L. The system should be
passivated after initial installation or after modification. When accelerated passivation is undertaken,
the system should be thoroughly cleaned first, and the passivation process should be undertaken in
accordance with a clearly defined documented procedure.

DU DK AR S K B A RS KR pe o DA 937 1k 2R 48t I WA AN T ) 7K s 1y
e, IUEPEEEIIMEL, OREM A8 # S, P E AL 0N (T AR A7 25 ]
KRG R A& W D AEGORR sAEN . BTt ] AR EH 22 /D EL 3160 R GEWIIR %08k
B Jn s BT AL . AEREAT BRI, #5200 RGUAT R MRS e, RN e TZ
s LA T AT R 1) 2 SR

+ Smooth internal finish. Once water has been purified it is susceptible to microbiological
contamination, and the system is subject to the formation of biofilms when cold storage and
distribution is employed. Smooth internal surfaces help to avoid roughness and crevices within the
WPU system. Crevices are frequently sites where corrosion can commence. The internal finish should
have an arithmetical average surface roughness of not greater than 0.8 micrometre arithmetical mean
roughness (Ra). When stainless steel is used, mechanical and electropolishing techniques may be
employed. Electropolishing improves the resistance of the stainless steel material to surface corrosion.
LI It . RGN )5, IR S IS A g, i R AMRIR A AE A 2B, DK
BTG IRAEIIN  GHT R A FI R T T LA 1E 25 P K R GERTRE A1 it DR . SRR Kb 7%
Sy KRB e A EOE N AZIA B B R TR RE BE AN T70.8pum. (Ra) o WURAEAIANEREH, 7T LA
RHIHUB AT AL 2400 o R AR A3 T LU s AR AR R0 2 T PR 1l e )

+ Jointing. The selected system materials should be able to be easily jointed by welding in a controlled

manner. The control of the process should include as a minimum, qualification of the operator,
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documentation of the welder set-up, work-session test pieces, logs of all welds and visual inspection
of a defined proportions of welds.

ZHE Pk R G BN A B W D S IR RE AR I (I . % T 2l AU 154 B8 5 I
A RN i 1R, T SR AR ] R LA B 5 L R AT R

* Design of flanges or unions. Where flanges or unions are used, they should be of a hygienic or
sanitary design. Appropriate checks should be carried out to ensure that the correct seals are used and
that they are fitted and tightened correctly.

PR EGE LB SRR LB RN, WY e DA . RIS A AT 2 R,
DRAE P IE AR B, i DR I 25 22 %

» Documentation. All system components should be fully documented and be supported by original or
certified copies of material certificates.

KT . DT ARG e B AT SC R SO 5, SR T W s G [ R B

+ Materials. Suitable materials that may be considered for sanitary elements of the system include 316
L (low carbon) stainless steel, polypropylene, polyvinylidenedifluoride and perfluoroalkoxy. Other
materials such as unplasticized polyvinylchloride (uPVC) may be used for treatment equipment
designed for less pure water such as ion exchangers and softeners.

HE. RGN DGO TR M EHEFE3 161 (AR AEEN, RN (PP , Eim WML
#i (PVDF) M fkist (PFA) o HEMBHIAR PR LM (uwPVC) ALK AE K
AEBERE A5 vk rh, B AT S s AR AL AR A

6.3 System sanitization and bioburden control

R HBMEYEH

Water treatment equipment, storage and distribution systems used for PW, HPW and WFI should be
provided with features to control the proliferation of microbiological organisms during normal use, as
well as techniques for sanitizing or sterilizing the system after intervention for maintenance or
modification. The techniques employed should be considered during the design of the system and their
performance proven during the commissioning and qualification activities.

AR AU S K AR AL BB A AP C R G Be vt A0 T 8 A i 1 24 Be A 425 76
WCEYREE L, TR AR S AT 0 BB U 5 REW N R R EOR B . AERGEITE PN Y
F B RNX — HAIFAE P A A hO PEREREAT IAE .

Systems that operate and are maintained at elevated temperatures, in the range of 70-80 °C, are
generally less susceptible to microbiological contamination than systems that are maintained at lower

temperatures. When lower temperatures are required due to the water treatment processes employed or

20/32



WHO RIFHIAE = SZBR(GMP): #1125 /K

the temperature requirements for the water in use, then special precautions should be taken to prevent
the ingress and proliferation of microbiological contaminants (see section 6.5.3 for guidance).

HHIRLBE TR =y 217080 °CIaAT W a4 I RFFIZIR AT, AR TERUMRIR B Miadrie s, Mpiid:
Pis BB SE WL . QR T 2R A K IR K, ZEOR P RIR IR, W
LRI N KT BB b A= Jedt N OfFE . (2% R156.5.3)

6.4 Storage vessel requirements
fib HEEE SR
The water storage vessel used in a system serves a number of important purposes. The design and size

of the vessel should take into consideration the following.

ARG K ERERAE LM, SRR AT/ 25 B LR AR,

6.4.1 Capacity

rE

The capacity of the storage vessel should be determined on the basis of the following requirements.
fift e 1 A B T R A LA 2K

« It is necessary to provide a buffer capacity between the steady-state generation rate of the
water-treatment equipment and the potentially variable simultaneous demand from user points.
NN R, AR TR B A RSE 7 e AT K RURT RE[R] IR 75 7K 7K 2 )
* The water treatment equipment should be able to operate continuously for significant periods to
avoid the inefficiencies and equipment stress that occur when the equipment cycles on and off too
frequently.

TKAL B A Y2 BE G ACIN AR SEI8 AT, By ko P2 2l sl 5% AT DTS S50 26 A0 3 AIG T B 2
TG RIE T -

* The capacity should be sufficient to provide short-term reserve capacity in the event of failure of the
water-treatment equipment or inability to produce water due to a sanitization or regeneration cycle.
When determining the size of such reserve capacity, consideration should be given to providing
sufficient water to complete a process batch, work session or other logical period of demand.

FEZK AL PR Ve 2 B RGE ,  y ph 00 2 AR R R T TR K IS S 2 e R A% S A J 0T 1 2% )
B FHBRMUH, HERIEREWSEM T 20K, AR Y s e 2 4w 5K Y

6.4.2 Contamination control considerations
75 gl

The following should be taken into account for the efficient control of contamination.
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WA G g, T B R LU RN ER .

* The headspace in the storage vessel is an area of risk where water droplets and air can come into
contact at temperatures that encourage the proliferation of microbiological organisms. The water
distribution loop should be configured to ensure that the headspace of the storage vessel is effectively
wetted by a flow of water. The use of spray ball or distributor devices to wet the surfaces should be
considered.

i PR S ) T /K RN 5 S, R0 IR N = RGBT IR ER 1
Bk L RAE RS A KA R o 7T DA R A P 5 U R o 1 2B R R TR

* Nozzles within the storage vessels should be configured to avoid dead zones where microbiological
contamination might be harboured.

fef e PP (e 1 2 T AR (AR L, AR A= 00s g 2R B

* Vent filters are fitted to storage vessels to allow the internal level of liquid to fluctuate. The filters
should be bacteria-retentive, hydrophobic and ideally be configured to allow in situ testing of integrity.
Offline testing is also acceptable. The use of heated vent filters should be considered to prevent
condensation within the filter matrix that might lead to filter blockage and to microbial growthrough
that could contaminate the storage vessels.

fiti e b 22 B DE 2, AL N SR AT ASEEh . I BERR N 2 R BRIR T RE, BATHKIE,
I BERGAERIEAT — PR, RN AT DLEAT B eIk b 17 3E G T R DR REL e DA T 3 S5 D
A IELL Y, PR DI U DS I b (i I R B

» Where pressure-relief valves and bursting discs are provided on storage vessels to protect them from
over-pressurization, these devices should be of a sanitary design. Bursting discs should be provided
with external rupture indicators to prevent accidental loss of system integrity.

AR T WA EE IS R, AEAREE 2o 1T BRI, WS 2R A AR B Y
RIVESEZE S SHIE S AT PN INUTT o € RPN 187l ETt 3 e

6.5 Requirements for water distribution pipework
IKIFEEE B
The distribution of PW, HPW and WFTI should be accomplished using a continuously circulating

pipework loop. Proliferation of contaminants within the storage tank and distribution loop should be

controlled.
a7k A KA S K 0 BN R FR S A B 0l B o i BEAN 23 T[0T B R e 0 4 By 1k
R/ OEN

Filtration should not usually be used in distribution loops or at takeoff user points to control
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biocontamination. Such filters are likely to conceal system contamination.
FES3 BE IR B h LU AE K ROT IR AL, NS BT 98, IR ] DA A s 4, RO it
JE ] RET I R ST R o

6.5.1 Temperature control and heat exchangers

R AR Bt

Where heat exchangers are employed to heat or cool WPU within a system, precautions should be
taken to prevent the heating or cooling utility from contaminating the water. The more secure types of
heat exchangers of the double tube plate or double plate and frame con- figuration should be
considered. Where these types are not used, an alternative approach whereby the utility is maintained
and monitored at a lower pressure than the WPU may be considered.

FEFGE A SRR T PR A He el i 245 7K EAT In sl 200, 00 5 S 3 B 1 b I FA i B et ng 7K
TR G o PRI AT DA% R B DAy 22 4 B UUE B OOURE A PR AT et o 2 SRk A T DA B 2R F AT 3
e AT A SR R sl YAt s 7 DR A AE T 25 LK A IR T B

Where heat exchangers are used they should be arranged in continually circulating loops or subloops
of the system to avoid unacceptable static water in systems.

WA AE A Hels IR GE N AZ AR AT A SE I A B 5 M- B, DAB kR Ge b A T 1 RS
When the temperature is reduced for processing purposes, the reduction should occur for the minimum
necessary time. The cooling cycles and their duration should be proven satisfactory during the
qualification of the system.

LB £ I e 3 NS e - ) A= RS = 9 T ) e (A S P VA B B W T RN DU R
A SRR I T A T I

6.5.2 Circulation pumps

a3

Circulation pumps should be of a sanitary design with appropriate seals that prevent contamination of
the system. Where stand-by pumps are provided, they should be configured or managed to avoid dead

zones trapped within the system.
BRI & TRV, IERIAE IR, DR G de, RSB R, W
Bl 1E 2 RS v AR S BLAE A

6.5.3 Biocontamination control techniques
WAEYE FAERIBR

The following control techniques may be used alone or more commonly in combination.
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AT LU R AU I BOR BV S E s 3, B S LK R 45 S .

» Maintenance of continuous turbulent flow circulation within water distribution systems reduces the
propensity for the formation of biofilms. The maintenance of the design velocity for a specific system
should be proven during the system qualification and the maintenance of satisfactory performance
should be monitored. During the operation of a distribution system, short-term fluctuations in the flow
velocity are unlikely to cause contamination problems provided that cessation of flow, flow reversal or
pressure loss does not occur.

TEIK T BE R GE PR FFRFEE IR A ER, w] AR ESS A E IR T e X TR a8 R G IR e T T 48 1
U RAHA I, etk s k.
B BIRBUR BRI BT B A2 5 G .

* The system design should ensure the shortest possible length of pipework.
RGBT 1 R o L A B
* For ambient temperature systems, pipework should be isolated from adjacent hot pipes.
XTI RS, Y I AR (1 A I B 2 TR
* Deadlegs in the pipework installation greater than 1.5 times the branch diameter should be avoided.
st
* Pressure gauges should be separated from the system by membranes.
s T3 2 N AZR I B B R 5853 T
* Hygienic pattern diaphragm valves should be used.
024 R A 0% i e
* Pipework should be laid to falls to allow drainage.
R i
* The growth of microorganisms can be inhibited by:
ATELCR T 21007 AL Za i = A A
— ultraviolet radiation sources in pipework;
BT NN AR A
— maintaining the system heated (guidance temperature 70— 80 °C);
KRG MPIFORFFIR L (37 FHRET0- 80 °C)
— sanitizing the system periodically using hot water (guidance temperature >70 °C);
SEWD R BUKIE R (48 R E>70 °C)
— sterilizing or sanitizing the system periodically using superheated hot water or clean steam; and
R HI PRoK B 1 267U IR R G AT R Bl 7 A&
— routine chemical sanitization using ozone or other suitable chemical agents. When chemical

sanitization is used, it is essential to prove that the agent has been removed prior to using the water.
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Ozone can be effectively removed by using ultraviolet radiation.
R SRS e A A AT WA Al 3 . NI )n, FEAETIKZZAT, 7 i ORAL 7% ik
SEATHER. AT LRI AN AR S K S AT R B
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7. Operational considerations
BAEER
7.1 Start-up and commissioning of water systems

IKZR G B AT

Planned, well-defined, successful and well-documented commissioning is an essential precursor to
successful validation of water systems. The commissioning work should include setting to work,
system setup, controls loop tuning and recording of all system performance parameters. If it is
intended to use or refer to commissioning data within the validation work then the quality of the
commissioning work and associated data and documentation must be commensurate with the
validation plan requirements.

vhRIE 4 8 SO Bl e B s R AR K RGE DI VAE R EZE R . R AR TAE
BOE, RGAs, IR ORI RS IRAEVAE TAEh 2 A S
UK, R AR A O 1 B AN SRS i ORI TR SR AHFR o

7.2 Qualification

Bk

WPU, PW, HPW and WFI systems are all considered to be direct impact, quality critical systems that
should be qualified. The qualifi- cation should follow the validation convention of design review or.
design qualification (DQ), installation qualification (IQ), operational qualification (OQ) and
performance qualification (PQ).

2K AR Sl KA K R GEBIAE N B s 2 AR 48, PRI A
BN T SR BT VP H A OAUE S W BB TN (DQD 36l (1Q) « 3z4THAL (0Q)
PERERIL (PQ)

This guidance does not define the standard requirements for the conventional validation stages DQ, 1Q
and OQ, but concentrates on the particular PQ approach that should be used for WPU systems to
demonstrate their consistent and reliable performance. A three-phase approach should be used to
satisfy the objective of proving the reliability and robustness of the system in service over an extended
period.

AR R AR TR BDQ,  IQMOQAE & SUhRMEZEK, Ak rhous iz FHIAE i 25 HI K R S
FERPQIIVEEAT IR, LASEHLRGE I BT AT SEVESFERE . — I BOU& BENS SEEL Mk REAA 1) B
br, TR BRI ] R AR S5, AT DAE B R S m] SE AR E 1

Phase 1. A test period of 2—4 weeks should be spent monitoring the system intensively. During this

26/32



WHO RIFHIAE = SZBR(GMP): #1125 /K

period the system should operate continuously without failure or performance deviation. The

following should be included in the testing approach.

BBl TRt 2-4JH I (a0 RGP S . FEZI B, RGNV MR RRSHZAT, A H R BR
PEREMN 250 I T7 VRN 2 BLHE LU LA T T

* Undertake chemical and microbiological testing in accordance with a defined plan.

AR W (R TR AT AL 22 A E K

+ Sample the incoming feed-water daily to verify its quality.

B HRFEACK IR, 8 5 HAK

+ Sample after each step in the purification process daily.

I U0 B — 50 T 222 S5 (R 7K 23 ol B

» Sample at each point of use and at other defined sample points daily.

B HR FH K RO RE G & BORE 1 23 3ol BOORE

* Develop appropriate operating ranges.

AT A TG RIE ATV L

* Develop and finalize operating, cleaning, sanitizing and maintenance procedures.

ST EIBAT . THYE THE YRR

* Demonstrate production and delivery of product water of the required quality and quantity.
2 ISR IR K BRI 7K AT A AE 7 FIR R o

* Use and refine the standard operating procedures (SOPs) for operation, maintenance, sanitization and

troubleshooting.

FEFTRRS A e T AR ZE A2 bR ERR A RS (SOPs)
* Verify provisional alert and action levels.

A W I AR AN T B 5 2K

* Develop and refine test-failure procedure.

T PR AT Mt s IR

Phase 2. A further test period of 2—4 weeks should be spent carrying out further intensive monitoring
while deploying all the refined SOPs after the satisfactory completion of phase 1. The sampling
scheme should be generally the same as in phase 1. Water can be used for manufacturing purposes

during this phase. The approach should also:
BrBL2. LERIDTE R — W B2 5, T SRR MR A bR A S A E R R AT 2-4 ] Rk — 20 P

W R G TT Db i . BUORE TR R A BOM TRl o X — B B /K AT DU 4 77 il i .
HAR T AL F

— demonstrate consistent operation within established ranges; and
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X CZE S A I BRI AT R8s TR DLk
— demonstrate consistent production and delivery of water of the required quantity and quality when

the system is operated in accordance with the SOPs.

Tk 2 ORI, i SR IR A ORI K B AT FR 2 7 IRV R

Phase 3. Phase 3 typically runs for 1 year after the satisfactory completion of phase 2. Water can be
used for manufacturing purposes during this phase which has the following objectives and features.
BrB3. AR HrBOs e n, =B B BUE AT I Tl B B KT DO AR
HIK, % BORAS LU H AR AFAL.

* Demonstrate extended reliable performance.

YT SE M RETS R

* Ensure that seasonal variations are evaluated.

R e N Y P W (e

* The sample locations, sampling frequencies and tests should be reduced to the normal routine pattern

based on established procedures proven during phases 1 and 2.

AR B U2 ST IR AR, A g BORE s, IRORE AR RN 1) 1E 0 T 2=

7.3 Continuous system monitoring

R R G

After completion of phase 3 of the qualification programme for the WPU system, a system review
should be undertaken. Following this review, a routine monitoring plan should be established based on
the results of phase 3.

SERHI Y K R GUI 2R = BOaA I H LU, & SR G AT P . FEVPH 25, 5 2R
=W B g R ST H R A T

Monitoring should include a combination of online instrument monitoring of parameters such as flow,
pressure, temperature, conductivity and total organic carbon, and offline sample testing for physical,
chemical and microbiological attributes. Offline samples should be taken from points of use and
specific sample points. Samples from points of use should be taken in a similar way to that adopted

when the water is being used in service.

W NAELACRI IR, SHEERE. K. fE. BeMala IR, LR LR
WA, R AR R E . B U BT A R ORI 52 RO e FHZK R
PRI N 2 BR TEAE AR (R KA ) o

Tests should be carried out to ensure that the selected pharmacopoeia specification has been satisfied,
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and should include, as appropriate, determination of conductivity, pH, heavy metals, nitrates, total

organic carbon, total viable count, presence of specific pathogens and endotoxins.
ity ZETT AN IR, B DRA AT A B R 2 SRS o AR L%, PHL ) IR
B BT E S SRR R AR R R A

Monitoring data should be subject to trend analysis.

M P IS AR R e BT A T R

7.4 Maintenance of water systems
KRG RGeS
WPU systems should be maintained in accordance with a controlled, documented maintenance
programme that takes into account the following:
T2 HIK RGERILES N 77 G R I . Ot SRS Rl, IR B LU 28R
— defined frequency for system elements;
EX WIn S VHIETES
— the calibration programme;
L rarel
— SOPs for specific tasks;
B UEERAERURE PRI E 1R IRAT 55
— control of approved spares;
X HEAE 1) Dy 4 o
— issue of clear maintenance plan and instructions;
RAT W R A4 1) A B
— review and approval of systems for use upon completion of work; and
LA AR B AE AR GEvr i At e LA
— record and review of problems and faults during maintenance.

L SRMIPE B Gl I R A IR ) AT o

7.5 System reviews

RGVPeH

WPU (PW, HPW and WFI) systems should be reviewed at appropriate regular intervals. The review
team should comprise representatives from engineering, QA, operations and maintenance. The review

should consider matters such as:

i L WAL RN U2 K (BAK, K MIES KD RGEHAT VR . PRI MBS TR
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PR BUEGIE. B84 MgEr R, TEHARELL T A
— changes made since the last review;
RV BT R 5 2
— system performance;
RYiTERE
— reliability;
CIEES
— quality trends;
D=k
— failure events;
e A
— investigations;
W
— out-of-specifications results from monitoring;
At Y H T 5 R
— changes to the installation
LR PTEAT I
— updated installation documentation;
BB K 2 e A
— log books; and
Hi&:
— the status of the current SOP list.

BUA IR AE R R SRS

8. Inspection of water systems
KRG HIKE
WPU (PW, HPW and WFTI) systems are likely to be the subject of regulatory inspection from time to

time. Users should consider conducting routine audit and self-inspection of established water systems.
This GMP guidance can be used as the basis of inspection. The following list identifies items and a

logical sequence for a WPU system inspection or audit:

AT (0 1A E BRI (K, FRAK RO KD TG P I ot 1
K R GG R AL T 17 . AGMPIR G T BL R B el WA B2 T M5 RS
7K R G sl o v R 2 R Y -

— asampling and monitoring plan with a drawing of all sample points;
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BOREAT PR, 23 BT BORE A JE1 4%
— the setting of monitoring alert and action levels;
AR AT B AF R BOE 5
— monitoring results and evaluation of trends;
Az a5 RAEARAPPAY
— inspection of the last annual system review;
X bR R GV AT R A
— review of any changes made to the system since the last audit and check that the change control
has been implemented;
XF B R 2 R RGP AT A S 3 AT VP, A A R A ST
— review of deviations recorded and their investigation;
XA 3 R i 2 P LK A
— general inspection of system for status and condition;
EX NI SEHIDPSYZY ke
— review of maintenance, failure and repair logs; and
Yeg, RSB L AP, LK
— checking calibration and standardization of critical instruments.
o 25 T AR IR R AN FRAEAL o
For an established system that is demonstrably under control, this scope of review should prove
adequate.
X O R IF B R AL THEH R IR, G P2 L 1.
For new systems, or systems that display instability or unreliability, the following should also be

reviewed:
TR ARG, BERIAFE A TTEER RS, L2 LT 7 v «
— performance qualification;
PEREMHIA
— operational qualification; and
BATHAN: BAR
— installation qualification.

L TN\
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