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Background %

The World Health Organization (WHO) published the first edition of its Supplementary
guidelines on good manufacturing practices for heating, ventilation and air-conditioning
systems for non-sterile pharmaceutical dosage forms in 2006 (1).

TR EERERES (World Health Organization : WHO) (%, 2006 (2 [Supplementary guidelines on good
manufacturing practices for heating, ventilation and air-conditioning systems for non-sterile
pharmaceutical dosage forms | (FEMEE 3K 5 D ZEFH o A 7 LD GMP \ZBAT 2#E T A K7 A V)
ZNFRLIZ(),

Having considered various comments and the recommendations through public consultation
over several years, the WHO Expert Committee on Specifications for Pharmaceutical
Preparations agreed, during its Fifty-first meeting held in October 2017, that the
Supplementary guidelines for good manufacturing practices for heating, ventilation and air-
conditioning systems for non-sterile pharmaceutical dosage forms guidelines, as amended,
be adopted as Part 1 (2).

BEMICDE s TONRTarz@ L TOKRARa A b EHEREZF57-0D T, WHO Expert
Committee on Specifications for Pharmaceutical Preparations (% 35 O BIA& (2 B4 5 WHO BEfiZ&E S
2) 1%, 2017 4 10 AN T=% D Fifty-first 24712, [Supplementary guidelines for good
manufacturing practices for heating, ventilation and air-conditioning systems for non-sterile
pharmaceutical dosage forms (FE2# 7 % i D 5554 > X 7 A D GMP IZB TS #HET 1 N Z7 4 2))
DHA RTAZSEL, Partl & LTEHAT L Z L 2ELTZQ).

It was agreed that Part 1 consists of guidelines that contain recommendations on good

manufacturing practices for heating, ventilation and air-conditioning systems for non-sterile

products, and further agreed that Part 1 be supported by an additional document that reflects

the interpretation of the recommendations in Part 1.

Part 1 1%, FEMEHBAIDOZEH L 2T MZOWT D GMP OHERZ Sie A KT > TS 5 2 &
PEE S, HIZ Partl (X, £ O Partl OHESEDOMER Z Sk S 518 M3CE TO YR — 2179

ZERFEINI,

This document is Part 2 and will be considered for adoption as such after consultation.
ZOXFEZPart2 THY, "7 aARICHFEONTERADOTIREZET L2 LITRD

oK XK

FULTIFRRR, MBE L THA T IANRLT H Y £, RNIFR L2 HFEL ETOr sy MREDLDT, XTRIBHY £,
WEDIEIRE | BERGEIITZNICHT DT 7 v a V8T R L > TFEY, Pharmasbio Fatakami @
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1. Introduction and scope : Framdd X OV FI&EH

This document represents Part 2 of the guidelines for good manufacturing practices (GMP)
for heating, ventilation and air-conditioning (HVAC) systems. It contains non-binding
examples, drawings, technical representations and interpretation in support of Part 1 of the
HVAC systems guidelines (2).

CTOXEIL, ZEHH GREHVAC IR Ty TF Ry ) LEER) VAT ADGMP DA KT A4 & RLTW
%o ZOXEIZIZHVAC VAT LADHA KT A O Part 1 OEAITH5FZ0HH], XmkE,
TTTE!/] ;JEEU% BX U\ﬁfﬁﬁ (non-binding examples, drawings, technical representations and interpretation) 7&/\ ATV E (2)

It is intended to be a basic and explanatory guide for use by pharmaceutical manufacturers
and GMP inspectors. It is not intended to be prescriptive in specifying requirements and
design parameters but it attempts to facilitate a harmonized understanding of expectations for
HVAC systems for manufacturers and regulators of non-sterile products.

FZoXEL, EELEEEBIOGMP EEEIC L > THHAT 27200, AR OER
IR TTA RERD Z EEBR LTS, G zo—Fokciongd) BRFECHG Lo/T 2
—HERETHTOOREIIEL T2 LITEM L TV WA, FEMmE RSO RLEEF I
F OB LR D7ZH D, HVAC ¥ AT LDOWIFRFFIHIZ OV T D GRi&: : EEsro7) sl A0 L 72 PR
(harmonized understanding) Z Bt S5 LWV ) Z L 2R ALTND

Part 1 and Part 2 focus on good practices for HVAC systems for nonsterile products. Where
applicable, some of the principles referred to may be considered in the HVAC design and
approach for other dosage forms. These two documents are, however, not intended to be used
as criteria for the design or review of HVAC systems for, for example, active pharmaceutical
ingredients or sterile products.

Part 1 J N Part 2 (%, FEMEE =KD HVAC O BAF728I# (good practices) (ZFE S % &H T T D
VBN TS Z L TW D FAIOK 2T, MoARID HVAC OfkGHE T Irn—F &2 5& L
TAHZ LI D, LU G, Zh 2 O0XE (Pat1 kOt Part2) [X, Bl Z ILJHIE (active
pharmaceutical ingredients) “CHEEES SLH D HVAC v AT ADFREHC L B 2 — D728 DY W EEYE (criteria)
ELTHEMT A Z EIXER LTV,

Other relevant national and international standards, as applicable, should be considered when

FUOCICIAER, BB LTé’/r7 ARLT B D EF, RLHFXEHD ETOE L MEEDLOT, BTEY b0 T
WEDIIRE | BERSEACEEIUSHT ST 7 ¥ 3 VEB TR E > TR, Pharmasio Futami ()
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Part 1 and Part 2 are used. These include, but are not limited to, current publications such as
ISO 14644 (3) and American Society of Heating and Air-Conditioning Engineers (ASHRAE)

standards.

Z O Partl B LU Part2 ZHEHT 2854, E%‘é’lf Bl o TE, ZOfoBES % HiZE O
FEENEL LOEBRN R EELE L EZET L Z %mb@%@j@}& LTIE, ROLDONRE
EFNb, LELINETICRESND %@Tliigb\

@ 1S0 14644 (3)

@ American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) (%)

FRIE - WHO OREa#IE “Refrigerating” OSCFNAREL TS, [7 AU BBEEHHZERFES ] O,

In general, HVAC systems can play an important role in facilitating a suitable environment
for the manufacture of quality pharmaceutical products. Therefore, careful consideration
should be given to their design. When designing an HVAC system, careful consideration
should also be given to the building design and layout of areas, as these may influence the
decision and design relating to, for example, the number of air-handling units (AHUS),
components in AHUs, room pressure, pressure differentials, pressure cascades, levels of
filtration, humidification, dehumidification, and heating and cooling of air. These may, in turn,
have an impact on the quality of materials and products, as well as the functioning of
equipment and instruments.

— X, HVAC v AT AlE, BE7REEH A (quality pharmaceutical products) 0D 558 0D 72 8 O U] 72 B
Bz o< 0 BEiF% 5 2 CORERERNZ R ZLNHRD, Thpzx, ZOEHIIE+57
ZEELH)RNETH D, HVAC VAT A& 2551, B OFKEE (building design) 35 K Y,
ZDOXIBD LA T 7 K (ayout of areas) (Z T30 BEEFL I RXETHDH, L5 O DIL, HlAITER
B L TORD LS RFHICEHL T, ZOWRE ERFHIHELHZ 210 THD
ZE5HB% (air-handling units : AHUs ; #RiE (&l T=7 o) LIRS) DK

« AHUs ORERKESE (components in AHUS)

« ZJE (room pressure)

« S ZEE (room differentials)

o JEJMER D 73 % — 2 (pressure cascades)

« AUD LU (levels of filtration)

« I (humidification)

« BRIE (dehumidification)

« NEES L OV A (heating and cooling)

MOERTHIIE, T HIE, EEOCHEBROBRED 72 67, JFEMERCR G O EIZA 37

FULTIFRRR, MBE L THA T IANRLT H Y £, RNIFR L2 HFEL ETOr sy MREDLDT, XTRIBHY £,
WEDIEIRE | BERGEIITZNICHT DT 7 v a V8T R L > TFEY, Pharma-bio Futakami @
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B2 D2bD0THD

The conditions of areas should be defined and should be appropriate for storage, manufacture
and use, as appropriate, of equipment, instruments, materials and products. It should further
ensure that comfortable conditions are maintained for operators.

FTOXIOBRESMEZHE L, g, i 4T 55810 i%@ﬁﬁ@) HE2R (equipment) . £
EL (instruments) . JEATEF (materials) 38 X OV @) e b D45 2 Hiz, EEEITE - T
725514 (comfortable conditions) % HEFRFT- 5 =

2. Risk assessment and design VA7 7ERAA LV N EZDOTHFA
2.1 Risk assessment U &x7 7R Ak

In line with the current approach in GMP, risk identification should be done for utilities such
as HVAC systems. A science-based, comprehensive exercise of risk assessment should be
used to determine risks related to possible failure of the HVAC system and AHUs (including
their components and subcomponents). An appropriate risk-assessment tool, such as failure
modes and effects analysis or fault tree analysis, should be selected. Controls should be
identified to eliminate the risks, or minimize the risk to an acceptable level. For example, the
effect of failure of one or more AHUs in the HVAC system; failure of dust-extraction systems;
or failure of AHU components such as filters, heating coils, cooling coils and fans should be
assessed, and appropriate controls should be identified and implemented.

GMP O DOT 7 —F|Zin 72T, HVAC Y AT LD L) 7pa—TF 4 U7 ¢ (F#) 1Zxt
THIARIEEERTH T &, HVAC A7 LK TN AHUS (2305 OFERCELFE (components) & DVE
D— Exr SN ORGSR (subcomponents) % 557 0) DHEIFE (failure) D A[REMICE L CD U A7 I ET

AR R=RATIRW R A, VA7 TEAA Y MERT 2 Z &, b7
A7 TRARA L NRE, T2 & ZIXHEE — NEESHT GBERIGE — R R OREGHT) (ailure
modes and effects analysis ; FMEA) & 2 U MNEFE DO RS (fault tree analysis : FTA) %iié?}i‘?““‘% Thsb, VA
I HERSTEDD, HOLVTHFEEIND LV ET, 2DV R Zi/MET 57120 OEHEZ R E
T2 L, Bl ilﬂmC/27Aﬁﬂ>’ﬂiL@AMB@&%meMﬂ%@; BESRWL 5|
AT Ly BDOWVIE AHU ORERREFR (74 &, B A v BEIaA VB LT 7 e l)
T BEAA ML, BIEREREZREL, T LTEITTLHZ

FULTIFRRR, MBE L THA T IANRLT H Y £, RNIFR L2 HFEL ETOr sy MREDLDT, XTRIBHY £,
WEDIEIRE | BERGEIITZNICHT DT 7 v a V8T R L > TFEY, Pharmabio Fatakami @
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For more information on risk assessment, refer to the current WHO [World Health
Organization] guidelines on quality risk management (4).

VAZTHEAA L MZEHLTOEY Z OFBERIT, WEY A7 XA MTOWTOEHO
WHO [World Health Organization] 74 K7 A v &SR Iz (4) .

2.2 Design parameters #5357 A —%

Manufacturers should define the design parameters of the HVAC system, to ensure
appropriate operation and functioning of the system, which is needed for all the areas. Special
consideration should be given to the required conditions for storage, manufacture and
handling of materials and products, equipment and instrument functioning, personnel
(operator) requirements and contamination control.

RIERFIX, HVAC VAT ADOBRFINRTA—F EZHETHZ L, ZHEIZEOT Y TOETITH
L IND, Y% AT LD IE/ER BB A RGET 5720 TH D, R, [FEk B
FOMEL DR | BER LOEHD |, TR & B ofse) B X0 WEYLE R (2B L ToH
RENDHFEMHITKH LT, +0RBEEHZ D L,

3. Glossary FHFEfE

For definitions and abbreviations, see Part 1 (2).
EFRBLOBEIZBL T, Partl 2oz L (2)

1
i

4. Premises i &%
4.1 Premises design  figk D% &t

Both the architectural design of the building and that of the HVAC system should be carefully
considered when attempting to achieve the general objectives of preventing contamination
and cross-contamination and ensuring an appropriate environment for the production and

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
NEDIRIRE | MEEZRGAIIIEUCKIT 57 7 v a VT RSUZ L > TFE0, Pharmabio Faalkami @
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control of pharmaceutical products. It is important to ensure that the required environmental
conditions, cleanliness and containment are achieved and maintained.

759 L RN E% 2 E ), £ LT NERMORE L EHO D OEE RREZRIEE T 5] &
WO —IRIEMZERT D 2 L AR LA IR, BMORERGHE HVAC & AT ADRE!
D2 EBRS BET 52 &, BEE SNDBREDORM, HEE, KOE CIAD (containment)
PIERR S, MR SND ZEZ2MEICT LI LPHEETH D,

The infiltration of contamination from outside air should be minimized by the use of
appropriate filtration, room pressure differentials and airlocks.

IER 22806 DOV DR NI, WY 78 A, B ZEE (room pressure differentials) M (N7 1 v 7 O
AlIZL-oTi/hETDHZ L,

Manufacturing facilities should normally be maintained at a positive pressure relative to the
outside, to limit the ingress of contaminants. Where facilities are to be maintained at negative
pressures relative to the ambient pressure, special precautions should be taken to avoid ingress
and egress of contaminant.

BUSRER L, {59 DRAZD; TolZ, d@E ., T OSBRI L TR THER 5 2 &, £ Ol
RBJEABOEINHE L TREICHRZ T 2551013, (TEMORA L JEHZRET 572012, %
72 TRHEZ#E D Z &,

Risks of contamination should be controlled, especially in the case of potent contaminants,
to ensure protection of materials, products, operators and the environment.

YD ) A7 ZHEIET 2 2 & Rl SIEMEDOTBEYLY) (potent contaminants) D123 - TIk, JiAS
B RS EEEBLOEREICHEDARELEREIZTLHZ L,

Where necessary, air locks, change rooms and pass-through hatches may be considered and
provided with effective ventilation and filtered air. Special attention should be given to door
design, as gaps between doors and floors, doors opening into low-pressure areas, and sliding
doors can result in changes in the pressure differential between areas. An interlocking system
and a visual and/or audible warning system may be used, where required, to prevent opening
of more than one door at a time where required.

MBS U T, =27y 7/ BREBEBLOVNAR w7 A (pass-through hatches) & 5 J& L. &5 70 #4

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
NEDIRIRE | MEEZRGAIIIEUCKIT 57 7 v a VT RSUZ L > TFE0, Pharmabio Faalkami @
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KA LT 2R e G2 % (2725, FRZ. RTOTHA IR EEEZLS 2L, &

2DE. K7 &fﬂ?@ﬁnﬁyﬂﬁfﬁ (gaps) . IKJEMIXKIk~D FT7 OO, BLXPAT A R KT (5
) 1E, = U 7 DOZEIL (pressure differential) (2 LA A4 U SH 5, HEREAICIE, —DLU EOR
DRI A Z =i, A v Z—1 v 7 2 25 A (interlocking system) 35 X OMRR e OY, T EE
2 AT I (visual andlor audible wamning system) ZfE 95 Z LI/ D TH A 9,

In addition to the design of the premises, general controls should be in place to ensure
protection of materials, products and personnel. The HVAC system can play a role in
achieving this objective. Where identified, areas should be maintained within defined limits
for temperature, relative humidity, and viable and non-viable particles. To ensure that the
clean area is maintained at the defined limits, areas are normally classified. When classifying
the area, the manufacturer should state whether the classification is for the *“as built”, “at rest”
or “in operation” condition. For details, including definitions, see 1SO 14644 (3).

B OFEHIIMZ T, AR Wik LB OREZHEFEIZT NE THH, HVAC AT A
(= _a)aa%? ERR S W DT OEENZ RIS, D Ok, HEMESFE
SN AITIE, IR, R, d6 X OVER & FIEAERRL 70, BUE S 7= FREEE O FFE NI
ﬁa‘ A %@E%fglzfumx%%émﬂﬁﬁm@ GPHN CHERF S D 2 & B RAET D721

AL DORXIEDOERNT %17 9, F DRI DR T%??éﬁ%é I, BEEE IR, FOEK

BT A “asbuilt” (emmmoikie) , “atrest” (EgKkiLRE) H D “in operation”  (fgchodkag) O
NnNTHoHnEIR Z &, FEHICOWTIL, FOEREZEOH T, 1S0O 14644 2D Z L (3),

Manufacturers may use different terms when classifying areas, including Grade A, B, C, D,
or ISO 7, I1SO 8, or Level 1, Level 2 or others (5) (see Table A2.1).

FOEER LD D K& ERANT T 255, BRax 2GEZEMN T2 2 L1270 %, ZHZiE Grade
A, B,C,D. 1SO7,1S0 8., Level 1, Level 2 2\ EZZ DD HFEN G EN5(B) (T A2.1BH),

When classifying an area, the class selected should be defined and described (see also Section
7).

DI DA 245 & & 1T, TOBET L% M2 EEL T, dizb~% Z & (Section 7 b
ZRDOZ L),

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
WNEDIIRE . BERGAIZIZENCHTHT 7 2 a VIFS TR L > TFEW, Pharmasbio Futaiami @
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Table A2.1 Examples of area classification (5)
#A2.1 KIROERRNT OFEH] (5)

Level Example of area

General area with normal housekeeping and maintenance, where there is no potential
for product contamination, e.g. warehousing
W OO RBREAT O — 2= U 7, ZOHEIE. BEEROATREMENFE L T

WRWEIREATHD (2L 21T, AlE)

Level 1

Protected area in which steps are taken to protect the pharmaceutical starting material
or product from direct or indirect contamination or degradation, e.g. secondary
packing, warehousing, first-stage change rooms

Level 2 [EIESH O HFEYE (starting material) . &> 2 UM FHL G 2 BRERY - IR 215 4L 0%
IENOIRET DTZDDAT v TN E BivD, PR S U7 K,

BlZIE, kAL, BE, —REAE (first-stage change rooms),

Controlled area in which specific environmental conditions are defined, controlled

and monitored, to prevent contamination or degradation of the pharmaceutical starting
material or product, e.g. where product, starting materials and components are
exposed to the room environment; plus equipment wash and storage areas for
equipment product contact parts

=8 5 D B IR & 2 WL DTG Yo b 2 B CTesh . R E D BREE S
HEL, BEL, T=4—3N5HHI47= U 7T (controlled area), i X (X5
s DY E . HIEE I L OMLTT RS (components) 73 E DENERFEIZ &R S D
TUT ; ZAUTMA T SR ORI Hfld 2 55 D 72 8 OB DU & )
B ORI,

Level 3
Pz

The following describes approaches (with illustrations by means of diagrams) of different
room arrangements and room pressures.

LUITFTIE, S0 BERORE] X HEOEN] o7 7un—F%2 (K TOHMT) b5,
4.2 Weighing/dispensing and sampling areas % &/ /378 L7 7o) 7

A room for weighing (e.g. dispensing of materials) should be of appropriate design (for
examples, see Figs A2.1 and A2.2). It is often advantageous to have several rooms associated
with the weighing activity. These may include a preweighing staging area, personnel airlock,
material airlock, weighing area with a containment booth, post-weighing staging area,
washing area and provision for waste removal. The HVAC system for such areas should
ensure that the areas have at least the same area classification as other production areas where

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
NEDIRIRE | MEEZRGAIIIEUCKIT 57 7 v a VT RSUZ L > TFE0, Pharmabio Faalkami @
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materials and products are exposed to the environment, logical flow of material and personnel,
and an appropriate number of AHUs, as well as appropriate pressure differentials,
containment, dust control, and rate of air exchange.

MRS (BIATEEO/NTT) 13, WERTFA 2ol & BlxE, B A21 kT A22 %
W), i, LU, ﬂigﬁf¥ IR L2 ODOMBEAFFOZ L BHHEOL R H 5
FIUHITIE, AR E B P X (preweighing staging area) . TESEFZ 7 1@ 7 (personnel airlock) .  JEA B
=71 v 7 (material airlock) , #f UiASD 7 — R & Ff > T2 FFEIXIH (weighing area with a containment booth)
% DOVEZET U T (post-weighing staging area) , PEIFFT U 77 (washing area) . 35 S ONFEZEW) bR DB i

(provision for waste removal) 7315 £4L% TH S 9, LD K 9 22XIKD HVAC T A7 AL, 7 Th

[Z DA OFE X & [R]— 0D XIH L) (same areaclassification) 70 Z & AMRFES D Z &,

2O TZooBEX | &%, FAEHES L OGS 2 OBREIZRE SH LR Th > T, JEb)

72 W 72 (pressure differentials) . £ UiA D (containment) . FEIZRHIHH (dust controh) Z L THASUFIEL (rate of
air exchange) (F 20w D = & . £ DEREE (environment) . JEA B & ik B OFRPEAY 72 7 & — (logical flow of material
and personnel) 33 L ONE XY 72 B D ZEFRE (AHUs) ITIREESNAD L WIHRIETH D GRIY),

AU 2O I OFRCUTIEMRERN LT, HITRALTH D, FLEZRI N0,

The objective of having a booth in a weighing room is to provide dust containment and
operator protection. For example, the dust generated at the weighing location should be
extracted through a perforated worktop, thus protecting the operator from dust inhalation, but
at the same time protecting the material and product from contamination by the operator by
means of the vertical airflow stream. The airflow velocity should be such that it does not
disrupt the sensitivity of balances.

MEEICT —ALRET L AN, BROECIAD L (FEEEORELHZ DD TH D, i

X, FREEITCRA L- BRI \NV?Vﬁ%éﬂﬁ¢¥Apmmemm%@o Wﬁé
o, ZHIZE > TEERIZZ X NS bR#ESN D, Lo LIAIKRHIZ, ERSHTO ST
LD EIZEoT, EME R KO IT, EEFIC I DN O BIRESNDIDTH D, K
TR IL, REOBREICHRELZ 520X 52T 562 &
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Note that the adjacent room pressures impact on determining the dispensary pressures.
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COB: cross-over bench; MAL: material airlock (#X2/L—2) : W/h: warehouse (BJE) .
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Similar aspects may be considered when designing a sampling area, as materials and primary
components may be exposed to the environment during sampling (for examples, see Figs

A2.3and A2.4).

FERESIE, 7Y RO G 2T HEEXLEBEEINDZEICRDTHAD, EHD
TE. JFEERC— R EAT (primary components) [X, 7 VT HICFDBREEICEEIND Z LI DD

HThHhD WX, B A23 BLT A242ZDZ L),

; E I8
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s> ”/ Change .
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Y oL \ \
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worktop ——___ x, |
5 2\
s mo_ | T - %gj‘r]]
o e ! . 3 A
- B 7Y Y7V T | : H
\ SRDNZ N — L 7—2z Sampling w0 i JEED - %?
= XLAIL %uzm
Ym7A— PTH WE70— booth a)7°|/j-A : %3
\ s/ ;
'=,._7_‘j_, rt‘:|

PTH : Pass-throﬁgh Hatch

Fig. A2.3 Example of a sampling area
(PTH: pass-through hatch)
B A23 Yo7V v T RIROEH]
(PTH: pass-through hatch : 5 DY 27U o Z R A — L /S AR 7 A)

Sampling of materials such as starting materials, primary packaging materials and products,
should be carried out in the same environmental conditions that are required for further
processing of the product.

JGUE} (starting materials : fRyESIR) . — R EZEME (BIM) B L OGO X5 2Wlino Y7 o 7%
ZOROERLMNT. (o A0E) CHEEINDHD LR URESETITY 2 J:ﬁldégf
H 5,

BRIE : ZOHA F 2 ATFE TR, WA AR LE LTS, LT, BEZHR LOgA%2EE
FTIUE, TOTRRTORIICIVFEIWEEZEBERL TND, “ Wb DEE O&p b3, B L
M DBEA L HVES) L0 TP ST LIS,
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Fig. A2.4 Example of a sampling area
MAL.: material airlock.
M A2.4 H2 7Y v T RIBOER]
MAL: material airlock : %t fH—=7 2 v 7

A clean corridor concept is usually recommended for non-sterile oral solid-dosage form
production areas, where there is then a higher pressure in the corridor compared to airlocks
or production rooms. This is to facilitate containment of dust and contaminants that may have
been generated in production rooms (see also the principles mentioned in the text on
weighing/dispensing and sampling areas) (for an example, see Fig. A2.5).

FEMERE D% O [E 2 BA O BLE XIS % LCiE, @, 16EE FHEE (clean corridor concept) 23 HELE X
NTN2, ZORRIF BTNEE7 8y 7 b2 WFREEICH L TRWEDZF>Tnd, =
DLt WERTRAET DX A PR LOBROH LA ERGICT D (HREE/ /Iy TER
OV TV rE] ORLTEARLZFEHIZZROZ &) (Bl iX, B A25 22H),
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Fig. A25  Example of a change room and some production areas
B A25 FERER LU OH»ORIERIR

To further support containment, consideration may also be given to having material airlocks
(MALSs) and personnel airlocks (PALSs), where needed, for entry and exit of processing areas
(for an example, see Fig. A2.6). Appropriately designed airlocks can assist in ensuring
containment. Additional controls, such as pressure differentials between areas, an appropriate
number of air changes in an area, and sufficient filtration of air, should be in place. The use
of airlocks assists in ensuring containment; however, other means may be considered to
achieve this objective, such as closed systems and pressure gradients between adjacent areas.

EHUiIADZ T i?ﬁﬂ“ét&bb:li FOEXKIRO AN D70, Wdn =7 7 7 (material airlocks :
MALs) 5 KOV HEREAIZITE f‘ﬁﬁi7lﬂ > 77 (personnel airlocks : PALs) DFXE % @5 2

5 (B2, @2675:7%%) UNZERGt SN 7 vy 713, HUADZ itz 38T 5
&iﬁﬁﬂ%éo Efﬂﬁﬁuﬁ@”ﬁﬂﬂ;ﬁ}f\ IO 22 EE, B L NZER D577 Al & W o T2 ff
MEY72dili#l 2, EWERb0LT52 8, =7y 7 OEMIL, HUADEZEIEIZT LI 2K
BTH2HLOTHD ; LLRRE, Z7a—X K« A7 A (dosedsystems) . 33 L OVEI Xk & D+
JIAEL (pressure gradients) D X 9 7D HiEIX, MO FIEITIZOHMEZERT L7200 LD EHE %
Tk,
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airlocks (also used as an area to change garments)
B A26 #A=7ryZ (MAL) 8Lt N7 vy 7 (PAL) 2R O¥TEERD/—T 1
Vay (ERAOKEE LTbEFERHIND)

Washing areas should be designed and used in such a manner that equipment and components
will not be re-contaminated after cleaning. The system supplying and extracting air from the
area(s) should be suitably designed to ensure that this objective is achieved. Principles that
may be considered include (but are not limited to) filtration of air, pressure differentials
between areas, air changes per hour and airflow directions (for an example, see Fig. A2.7).

Ve XIid, Bdsdo K ONBAL (components) 23V ICHRGY: LRV 9 AT IEICERGH L, 2 off
A3 52 &, ZNHORIE (s 7D OERE MG E L ITHHT 5 AT A1k, Z0H
HZZERT D EDMFEL 2D X I EUICERET 5 ko%fﬁbfcﬁﬁiﬁb‘ﬁ%éﬁﬂlﬂi
LTFobozagte (2L, ZREFICIRESNLD O TR ! « I O = ]
FEE. 1Y 7= 0 OSBRI (air changes per hour) . 38 X OV 7 0] (airflow directions) (1 21X, X
A7 =MD L),
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Fig. A2.7 Example of a washing area
A2.7 BEEXIROEH]

5. Design of HVAC systems and components HVAC ¥ A7 ADO#EGF L @R ER

The HVAC system should be appropriately designed, taking into consideration the design of
the facility, with various rooms or areas for storage of materials and in-process materials or
products, processing, and movement of materials, products and personnel. The required
cleanliness classification should be achieved, as well as other parameters, such as air filtration,
airflow velocity, air volumes, pressure differentials, temperature, relative humidity, viable
and non-viable particle counts and containment. Conditions and limits should be specified,
based on need. Manufacturers should determine and define limits for these. These should be
realistic, appropriate and scientifically justifiable at rest, in operation and as built at the time
of design. In determining these, relevant factors and risks should be considered, including but
not limited to possible failures of AHUSs, seasonal variations, properties and types of materials

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
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and products, numbers of personnel and risks of cross-contamination.

HVAC 27 A%, LLTFOFERBHAZBEICANT, BUIIHETHZ L
- JFEEES D VDI TR TR, B D WITREORE OFFEOE R & XA RO,
i g% DT A > (design of the facility)
« TRERTOMTIANZE (processing)
< JEAEE, B X OUWEE OB & (movement of materials, products and personnel)
WBLE SN HTEHEEOFEFRNF 1L, BIZIE ROK I /WD NRTA—=ZHBZEL TERSED
ZE:

255 A (air filtration)
JEiBES (airflow velocity)
- R (air volumes)
- 2T (pressure differentials)
- JRE (temperature)
o FHHTE (relative humidity)
< AR 7B K OFEA R 75 (viable and non-viable particle counts)
- B LiAD (containment)

ZOFMB ZOMEMEIZ, HEMICESWTHET 5 2 &, BEER L. Gue: zowEs Liga
D FNOOEHEREMEERC, FEEITH Z L, TOMIT, FEtHR T, BUEERIRIERE @
rest) . SIEVEZENF (inoperation) & L CAERRIF (asbuil) T, HIFERT, WUIT, 2 OF2H 7 5mER
AOREA 23 FTBE (scientifically justifiable) &35 Z &, 46 OWIE TIE, BET AR TFBLIONY 27 %
ZETLZL, BlAIE. TNREFIRESND DO TIHRWVA, ROLIRBDTHD

22 R 0D e (failures of AHUs)
- ZEHfiH 2B (seasonal variations)
° ﬁﬁ‘ﬂ'?& s U\@ X i%ﬁ L AT (properties and types of materials and products)
- IRBE D% (numbers of personnel) BIO
° fiyﬂgﬁé@ 74 (risks of cross-contamination) ,,

Other aspects, such as the number of AHUSs, dust-collecting or dust extraction systems, the
need for recirculation of air, percentage of fresh air (in the case of recirculated air) and the level of
filtration of air should be defined by the manufacturer when considering the design of the facility and
activities in different areas and rooms.

WD XD I OBIE L., SR OT A v, BIXOEHEO XL L OEE COIEE %2 & EIC
ANy s, BEERENIRETH 2L, HlzIE

Hi

- ZeFRHE DB (number of AHUSs)
c XA MHEDH DI H A MEFR Y AT A (dust-collecting or dust extraction systems)

ROCIC IR, MBE LT T IABLT B Y T, ROCUIFEHD ETOE Y MEEO LOT, BIH8Y 5HY £,
WEDIIRE | LB AT iﬁém/a/uﬂﬁi Lo TFEW, Pharmasio Futami ()
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o« ZRRD B ER D LB (the need for recirculation of air)
AL @Hﬁ’—f (%x Cinp= Tﬁ@%ﬁ) (percentage of fresh air (in the case of recirculated air))

b4
KAIED L~ (the level of filtration of air)

Manufacturers should maintain schematic drawings of the HVAC system, AHUs and
components. These should reflect the initial design and installation, as well as the current
situation. Changes made during the life-cycle of the system should be reflected in change-
control records and qualification protocols and reports, as appropriate.

BLEFEF X, HVAC T A7 A ZE3i1% (AHUs) ibJ:()%E%Lk>07ﬁ%EE§§ S (schematic drawings) %
RiFT2 2 &, ZOIR, BAATOIRDL & ILIZ, Z DY DG & FRE (initial design and installation) D
RMLBZRTEXDLLIRFFTDHHLDOTHD I, TOVARTLDT A 7HA 7 IVHIZITON
AL, LEIZRLT T, %E”ﬁ@%ﬂﬁé R PEREA =k =2 — /L (change-control records and
qualification protocols) . 33 L VR EIC M5 Z &,

The components selected in an HVAC system should be of sufficient capacity to ensure that
the design objectives are met (e.g. for heating, cooling, humidification, dehumidification,
airflow volumes), taking impacting factors into consideration, such as loss of air due to
leakage and seasonal variations.

&% HVAC v A7 LA CEET HHEFRIL, REFAMICERIEL720IT, Wil L5 E&ED
Tﬁg: (loss of air due to leakage) 7 Eﬁﬁﬁﬁﬁﬁ@ijﬁ/f VN NeH 2 ARFEEEICANT, 5
PREST (B ZIX. NEL, mA, I, BRiE., B&E) 2o b,

Materials for construction of components, and their placement, should be such that these do not
become the source of contamination. For example, components should not shed particles and the
sequence of components should be logical; for example, filters should be placed in such a manner that
any possible contaminants generated in the system can be retained by filters and not be introduced
into the production area.

T S ED L OFENT FH O AT (materials for construction of components) 33 J- ONE DEE X, 405 235544 &
RBRNEDICT DT L, BIAIE, MR IR ARB L RN L, £ Lffﬁﬁkiﬁuu@ﬁﬂﬁ
NEFEI, FRERAY (ogical) TH D Z & FIZIET 4 VFIT, TDOU AT ANTHRAET S ATREMEE £F
Db} HIHERME T 4V F THE L, REKBA~HS2WE S ICRET S Z

To prevent contamination of areas, components such as ventilation dampers, filters and other
services should be accessible from outside the manufacturing areas (such as service corridors).

AROCTITRER, BBZ L THA T IABUT H Y E7, IR A FHD ETOR Y MEEDOLOT, LTI AHY 7,
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UG R Ik OB A BH Tl HVAKH Z 2 73— (ventilation dampers) . 7 o /LA . 33 X OM O #E R
i (services) (E, (RURAER T (corridors) D L 9 72) BLEXIROIMANS DT 78 A &R T5 2

N

o

The overall design should be such that there is no possibility of undesired, unfiltered air or
contaminants entering manufacturing areas.

BRI 72T A E, TZEENL TR, A S THRNES D D UVIEIEYY ) 73 il XK
ANDA[REME AR/ 2 &

5.1 Containment #CiA®

Manufacturers should ensure that appropriate measures are taken to contain product dust in a
manufacturing area, thus preventing or minimizing the risk of contamination of other areas
and possible cross-contamination. In some cases, it may be advisable to have airlocks or pass-
through hatches between rooms or areas. In addition, sufficient dilution, pressure differentials
(recommended minimum values of 5 Pa) and airflow directions can further support
containment in an area.

RS X, BLERKIERICB I AR O X A R (productdust) &b 5 Z T, w7 Rt R A &
LT L, IO R, MOKBOBHYL L ORXBEYEE, 232D A7 2R/ eT52
Lo HODOHEHITHE, FEMD L WVIIKILFORIZ, =78y 7 L3S AR Y 7 A (pass-
through hatches) Z iX BT D2 ENEF LNWEDTH A9, HIT, 07 (XA D) IR (sufficient
dilution), =EMZEE (/N TH 5 Pa DEAZHIET L) BLOXET ML, &5 KEOE CiAd
(containment) & BTS2 Z L3 HIR D,

5.2 Cleanliness &k
Avreas should be maintained at the defined levels of cleanliness and classifications.
K3 (areas) 1, TEIFEER L OSERD Grik - 7o) BUE SN2 LVICHERIT 5 2 &
The HVAC system can support this through, for example, appropriate levels of filtration of air,
dilution and dust removal. Equipment, containers, personnel and other related components

should be appropriately located or placed in areas so as not to obstruct airflow and the
effectiveness of the HVAC system.
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HVAC ¥ 27 A, BlAIE, ERDAHH, fiRBLOF A FDFREL W STZZ & 2Ed)e L
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PEZ TR L DI LT, BEER. A8r. BRI L O o BEME R B34 4| I B Ay 4
LDPRIETDHZ L,

Recontamination should be prevented by ensuring that movement of material and personnel
is within the same area classification and not back and forth between areas of different
classification. Where such back-and forth movement is unavoidable, appropriate controls
should be identified and implemented, to ensure that moving from a higher class to a lower-
classified area and back to a higher-classified area will not result in contaminants being
brought into the cleaner classified area.

Wik L OB OB X 13, KIBOFEESEMAE U CTHHHANE L, B o Sk ofE &
KE LRI EAEREIZTDHZ LT - T, FGY (recontamination) & [H <2 &, Z DRE/RIE X K
PREF DTN BT > TR TEVIEFEORmWY 7 ZAp6, L0IERWT 7 2A~0BH)] B
LT TR VIFEEREDERNT T AR TT 2 & 11X, 2O X0 @mVIEEE SR O KIRIZ b
2o T RO RGN AR TN & A MEITT D702, ) 725 B4 5 (identified) LT,
TNEERT D L,

5.3 Automated monitoring systems HEIE=%1 7T AT A

The performance of the HVAC system achieving and maintaining the desired results for
parameters such as temperature, relative humidity, airflow and pressure differential should be
carefully controlled and monitored. This is to ensure that there is no departure from these
limits during manufacturing. Monitoring systems should be in place to ensure that the system
operates within its design limits. Manual or automated (computerized) systems may be used.

MWL, AR, Kt K ONEMAEED L 9 7237 A—2 1% EEREHI#E L, 2»2oF=41
ThadHZ &, ZOMET, RETIZENLDREMENODALBRNT L E2RFET 5720 T
bb, TE=F VT VAT AE, B AT AN ORFOREMFEHN CTEEET 5 2 & 2%
AT HDICHEI R b DETHIE, =2 T b WIHELE (2 Ea—21{k) LY AT
OV HER LTI,

Automated monitoring systems may provide possibilities for ongoing monitoring with better
assurance of compliance with the defined limits. Where these automated systems are
considered to be good practice (GXP) systems, these should be appropriately validated. The
scope and extent of validation of the computerized system should be determined, justifiable

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
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and appropriately executed. This includes, but is not limited to, access and privileges to the
software, setting of limits, monitoring and acknowledging alarms, audit trails, controls, and

reporting.

HElE=4 U 727 Ld, BUESNIZREMEANDIEST 2, K0 BAFRIRGEZ £ > TV Dk
BB =% 1 7 (ongoingmonitoring) D A[REMEZ H5-2 5 D TH D, HEML AT A0, LV RW
FZERA) S AT I (good practice (GXP) systems) Cdh D & B X LNDHGAIE. TN 6 &I NN 57—k
THZ L, A Ea—F LT AT AON) T — g OB & EOREX, TOWREL L,
Z DIRE ZAT - T2 B OFR BRI S ORMIA 21TV Gustifiale) . € LT, WYNIEITZT 5 Z &,
IR LFOLDOREENLD, ZHICRESND bOTIIRW Y7 by =7 [REED
RE, TE=F U T EAMETOEAER AT A, AR, HIE CEFR) B LU,

5.4 Switching off air-handling units Z=Ffn 8 v # %

It is recommended that the HVAC system be operational on an ongoing basis. Where a
manufacturer decides to use energy-saving modes or switch some selected AHUs off at
specified intervals, such as overnight, at weekends or for extended periods of time, care
should be taken to ensure that materials and products are not affected. In such cases, the
decision, procedures and records should be sufficiently documented and should include risk
assessment, standard operating procedures, records and validation. This includes procedures
and records for the start-up and shut-down sequence of AHUSs.

HVAC v A7 Ald, #EKEHY (ongoingbasis) (ZIEHR T2 Z & A HENET 25, BUEIEH 3 = 1 /L F —HiK
E— F2ERT 2560, 8O0 0@ E L2255 8% (AHUs) (2% LT, (BRI, &M, BR,

B WIIF IR A BT T L VW ol K 9 72) BESNTMMDO AL »F 28555121, Wi
RN EELZ TN LR RFESND X ICHEET LI &, TOKRREGA, TOURERH
(decision) . J71 (procedures) 38 L ONFedkIL. o072 XE L ZITH 2L, FLC, URIZTERRA
k. TFNEE (standard operating procedures) . kB KON T —2 a2 HE5H 52 L, ZhUZid, 2
FEDA S — T v T e vy MU UOFIREFERb BT Z &,

6. Full fresh air systems and recirculation systems £#HEK25705% & MEER 23R

Manufacturers may select to have full fresh air systems (for an example, see Fig. A2.8) or
recirculate treated air supplied to production areas (in a full fresh air system, no air is
recirculated; in recirculation systems, a defined percentage of the air is recirculated). In both

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
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cases, the air supplied to the production areas should be appropriately treated, to ensure that
the environmental conditions specified are met and that the risks for contamination and cross-

contamination are controlled.

BEREEIT, A=V T Ly a8 AT A (fullfreshairsystems) (il 21X, B A28 ZH) . HH N
VAL IR~ A S T AL A D ZE R B B S E D kﬁﬁﬂ%%%ﬁbf%iw(ﬁ—
NT Ly v aZB Qo AT AOE, EXRUTHMHEER L2V fHRY AT AOLHE, EXORD 6
NER—t T —UNEEREND),  [HOY AT ATEBNT S, BERKIRICUET 5225
I, THRE SNTERERFICHEAE LTS 2 &), BRY B KOG GD U X 7 3l
SNTWDHZ &) PRFESND L DI, WMUNAET 5 &

Manufacturers using recirculation systems should determine the percentage of fresh air to be
supplied to the relevant manufacturing areas, as required by national and international
standards. This volume of air should be verified during qualification.

BEER Y AT LT 2 8GR L, BET 2 E Kk~ e & 7 Ly o CGorfie) 2
Kok, HEO, KOERGZREEC L > CERICH - TRET 5

In both scenarios, appropriate levels of filtration should be applied, to prevent contamination
and cross-contamination. Manufacturers should ensure that when high-efficiency particulate
air (HEPA\) filters are used, these are appropriately installed, not damaged and thus suitable
for the intended use (see tests described in Section 12).

ZOWH @ik A—r7 vy va kg O ) AIZBWT, HYRB L0 XEREZR T2
ZERAHMDEGI I LV AT 5 2 b, BUEREF L. HEPA (high-efficiency particulate air)~7 «

N2 EERT 55610, ZhicGr 5272w Koo, £LT TEE’J&?L WA D
ZEBRFESN D) K OIT, WUNIERE T 5 Z & (Section 12 (TR HL TN D Eﬁiﬁ%iﬁ%’\@:
&)

ROCIC IR, MBE LT T IABLT B Y T, ROCUIFEHD ETOE Y MEEO LOT, BIH8Y 5HY £,
WNEOMIRE | BERGAICRZAICKT 2T 7 ¥ a VIELPFINC L > TRV, Phame i Fankani ()
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AIR HANDLING UNIT 22 o=
. il ® =Supply air HIFER
g e, ;-_'l ®=Returnair J 2 —1 %5
= HiE=R7 7> 3 o ®=Freshair 7L v 1%5
E Supply air fan § = & ® = Exhaust air RZER
= » T
® X 2 ®
ZLyva |~ m 2 ®
R — = =
X e N Bag (Yex-—)
| - §'$ R Re-heater
1 REREE /35— %f
HEPA: High Efficiency Pticulate Air filter B3
HEPA 7 4 L& (EWFTRF 74 NL5R) PRODUGTION
FACILITY
PES A2 A &
EXHAUST AIR HANDLING UNIT v vz
= ™~ "
= - i ~ e
g = g '§ § Io_‘E ; |> ® ® )
a8 8E =
g £85m gk
® & i [ E1/1
i ek - = L —
urz_,@"‘ ———————— b
BrRzER lﬁ;(ll’l [r: —k Degree of filtration required BELEND 5@0)*2
oy 7;7\[,5( B depends on exhaust air contaminants %z?i%%:;glﬁ*

Fig. A2.8 Example of a full fresh air system
K A28 =T L v aDERY AT LOEH

7. Air filtration, airflow direction and pressure differentials
EJAHE, [T H BIO EREE

Effective ventilation and appropriate levels of filtration are recommended in basic GMP
guidelines. Manufacturers should determine which classes of filters should be used in
ensuring that contaminants from outside are not introduced into manufacturing areas and that
where recirculation systems are used, filtration of recirculated air is carried out effectively, to
ensure that there is no risk of cross contamination. Where different products are manufactured
in different rooms in the same facility at the same time, appropriate controls should be in
place to ensure containment and prevention of contamination and cross-contamination.

BHEL 72538 L ONE Y 72 A LU, AN GMP A R4 /f@ﬁéﬁrjxﬁ“ LT
V5, RIS, IROZEMEESND L H 7, 74 VX OEREHENT S
@ DS DOIBEGE) B ELEXIRIZ A > T2 RN &
@ FEBRY AT LEMAT2HA1E, RS EEERO S8BT, ZXIERD Y A7 BFLE

RCICITRARR, B2 L CH A I ABRTH Y £3, IR Cacmie EToe r MEEOLO T, TR0 nHY £,
NEDIRIRE | MEEZRGAITIEE NI ﬂﬁ‘é?’//a/i%ﬁ‘ﬁﬁ( Lo TF&E, Pharmasbio Futaiami @
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L2anE 50z, ZhRMIATH 2 &,
[l USEax N Ofk & 72358 C, B FRO K 2 8E T 25513 1552 & R XG4 O E UiA D (containment)
EPIED T2, WO ZRHIEHZ1T O Z &,

Filters selected for air filtration should be determined and specified. When a manufacturer
chooses to install HEPA filters to achieve the desired degree of filtration of air, these filters
may be placed in the AHU, or may be installed terminally near the supply grille.

ZERAWMIIEH L TRERESND 7 A NVFEREL, TLTHETHZ &, BEEFRENZERASIED
UE LWERWEERT D720, HEPA 7 4 VX OFRE LW ) TR AZ2RIRT 285813, Zh b
D7 4 VZIL, ZEFE (AR ICRRE L CTHEWL, ZB5MEHE 27 U b (supplygrille) ¥T < IZHH& 7 «
JLA & UTERIE (installed terminally) L C & LU,

Filters have an impact on the cleanroom class or level of protection. The different levels of
protection and recommended filter grades are presented in Table A2.2.

T ANEIE, TV =N — ADOFERRRFED L ~DA R T b BRVEE) 2o TV 5,
EBFEORHEL VB LIOMHIRIND 7 4V E D% ZE . 7 A22I1T- LTS,

Table A2.2  Levels of protection and recommended filtration (5)
FA22 FRBOL YL ELHRSND HIB

Level of

protection Recommended filtration #EEE 257 4 L4

Level 1 Primary filters only (e.g. EN 779 G4 filters)
KT 4 NH DI (B ZIE,  EN 779 G4 filters)

Level 2 Protected areas operating on 100% outside air: primary plus secondary filters (e.g. EN 779 G4 plus F8 or
F9 filters)

AR 100% TIERRT 5 2 L TIR#ET ORI — k7 vy TITR ZRT 40 (BIRIR
EN779G4 77 A F8 F7=i% F9filters)

Level 3 Production facility operating on recirculated plus ambient air, where potential for cross-contamination
exists: primary plus secondary plus tertiary filters (e.g. EN 779 G4 plus F8 plus EN 1822 H13 filters; for

full fresh air system, without recirculation, G4 and F8 or F9 filters are acceptable)

FIEER 77 A S (ambientair) THEHRT 28GR, Z O%EIE. K XIGYO FTREVEDMF
FELTWD : —IRT Y TTA ZIRTANHE TTA ZIRT VK (tertiary filters) (5]
ZI1E, EN779G4 79 A F8 77 A EN1822 H13 7 4 L% : % LA — L7 Ly
T DI AT LTI, G4 & F8 £72IL F9 7 4 L ERTHREND)

FROTICIERER, BMBZ L THA T IARKT S 9, FROUIF AL EToOe v MREDOHLOT, TRV BHY £7,
WEDIEIRE | BERGEIITZNICHT DT 7 v a V8T R L > TFEY, Pharmabio Faalkami @
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The number of air changes or air-exchange rates should be sufficient. A guidance value is
between 6 and 20 air changes per hour. Manufacturers should also establish how much time
it takes for a room that is out of its classification to return within the specified class. This is
often referred to as clean-up or recovery time. A guidance time period for clean-up or recovery
is about 15-20 minutes.

HA5UEIEL (number of air changes) 8> 2 WMIHASUIE S (air-exchangerates) [X, +0 72 b D L5 &, A
o AEE, 1R S0 6 ~20 EOKEHTH 5, WEEFIL, £OERINEL>TH
RO ED, HE SN 7 ZADHIFNIZRDT-0IC, EOMORMEZET LINEED D
(establish) Z &, ZAUld, LIXUIX 127 U —27 » 7 (clean-uptime) | F 721% T[EITEEER (recovery
time) | LFHIND, 207 V=27 v T ELFEHEICE L TOT A Z2 AH Db DR O S 13,
#15 ~ 20 pEITH 5D,

Airflow directions should be specified and proven to promote containment and not be
adversely affected or obstructed by equipment, utilities, containers or personnel. The location
of supply and return or exhaust air grilles should facilitate appropriate airflow directions in
an area.

SR IT A (airflow directions) 2 FHLE L, ZAVANLRES 5 2 &, ZAUE, B CIAD e L, 2 ofkds.
A (utitities) . 258w 8 2 VWITIRE (personnel) (2 K- T, BB LZZ TRV L0, Gk - aoiin
M BEINBRWZ EESGET A0 THD, HRBINY Z—2 (supply and return) D 7Y JL,
& D WIIHERD 7 U L (grilles) DALE X, Z DO RILOE G 2K a2 RESELHDTHD =
&

Fig. A2.9 is a schematic diagram of an example of an air-handling system serving rooms with
horizontal directional flow, vertical directional flow and turbulent flow, for rooms 3, 4 and 5,
respectively. In these rooms, the HEPA filters are indicated to have been placed terminally
mounted in the rooms and not in the AHU. Whenever HEPA filters are terminally mounted,
it can assist with preventing cross-contamination from room to room in the event of a fan
failure.

X A2.9 1, ZE30 < AT A (air-handling system) S+ DFRBAX Tdh 5, Z Ot BAXIZ/R L 72 # = O Room
3. Room 4, B XU Room 5 (X, AL ZE4L, KFEIFMAXIT (horizontal directional flow) , HE[EL 5[] 5Tt

(vertical directional flow) 33 JX UVELYL (turbulent flow) & FF O E 2R L TN %, £ 6 O ETIX, HEPA
7 A VEIE, ZEHE (aHu) TR < BEEICKREG T 4 v F Rk #—3IF AV HEPA) & LTTERE S
NTWHIRAETHPIAZ LTV D, HEPA 7 4 WX B X — I L& L CRET 2551E, ZZlgo
7 7 AATRMEISAE UTRRZ . HBMOZXG3 2 <2 LT, IR,

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
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Air-handling Unit Z25#% (T 7/vy)
—R74n%|E wrzsm  § ® = Supply air 825
§ 2 syT;irfan Eg ® =Relumair ) % —> 25
®H E B " | §:>ﬂ74)b9 ® =Freshair 7Ly 225
el B 2
B 5 ‘ ®
Slatoaqn g
UDAF : Unidirectional
Airflow  —HRASR ®
—--—-- —_————— e e — — — ———e e e e -
! ® Re-heat

l E==] RERIEE Y /5~ | RABHEL Y — B ) eaﬁe;"%% |
T s, o ] = - 1
| REREK - B2 ® | ® (Wex-) 1
f | F\?HEPA filter |
- —— HEPA filters | — !
] S=s=rt |
© ® | |
I KERUDAFOERE Room with 1 1
®1 Room with | ® vertical UDAF ] '
: horizontal UDAF | EEEUDAFOHE | BB Z—VEROTE |
H ®: Room with ®:

[ /] - low-level return |

i > | > air >

: "= <

' Room 1 Room 2 7 s Reoom 3 /)

Fig. A2.9 Example of horizontal airflow, vertical flow and turbulent flow
B A29 Exampleof AFRIKH, EEMIMR, B L OEROEH]

The pressure differential should be of sufficient magnitude to ensure containment and
prevention of flow reversal, but should not be so high as to create turbulence problems. It is
suggested that pressure differentials of between 5 Pa and 20 Pa be considered. Where the design
pressure differential is too low and tolerances are at opposite extremities, a flow reversal can
take place. There should be no risk of overlap in the acceptable operating range, for example, 5
Pa to 15 Pa in one room and 15 Pa to 30 Pa in an adjacent room, resulting in failure of the
pressure cascade (for examples, see Fig. A2.10). The upper and lower limits for pressure
differentials between areas in a facility should be defined by the manufacturer. Where there are
interleading rooms, the limits should be appropriate to ensure that there is no overlap in actual
values, as this may result in loss in pressure differential between areas and even reversal of air
flow.

S ZEE (pressure differential) 1. £ UIA®D (containment) ZFRAEL . &Gt Dwids (flow reversal) %[5 <2
T 7 RE & (sufficient magnitude) ZFF7-H 22 &, UL, ALOMEEZECDIZEIZE NS &
ELanWZ b, =EWMEEIT 5Pa ~ 20Pa THDHZ ENRBEND, et EOEMAEENIEFITIK
<V IOZ DOFFRMED AN (extremities : (RIE) = OHFEOBERBIA /R -T2, “HEHIZEN L OFEKT
e EPRE) THDHE, [RIMDOWHELE (flowreversal) 23E L5, Blz1X, & HEETS ~ 15PaT,

JELDOEENLS ~ 30PaThH D &, /AT — R GRix : B eEhigs) OFEETELIEDH LD

AROCTITRER, BBZ L THA T IABUT H Y E7, IR A FHD ETOR Y MEEDOLOT, LTI AHY 7,
WEDIEIRE | BERGEIITZNICHT DT 7 v a V8T R L > TFEY, Pharmabio Faalkami @
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7o, BRI COA— =T v 7O Y 27 FAEHELRY, (121, B A2105BH0 2 L),

& DRy TOXIMEOEFZEED L TFIROREEIT, EEEPHET DI L, DD LWEE
(interleading rooms) 238 DA, & DOIRFEEILSEEROME (actual values) T A —/N—F o T RGFLE L 72N

D LHBIET BOICENCHD T L, LV IO, SO LB, EIEEERADE, HORHD

WlE A A4 U ARRIC 7 A S IV VDS Th A,

Cumulative tolerances for the instruments measuring pressure differential should not cause a
situation where an undetected reversal of airflow is possible.

AN SN2 WK O ERD AIEEME N & 2 5513, EM 2T 2 HE T 2 as 0 B2 7FAE GRix -
Wb HL—FREEDIEN?) X, TDO X I IRRERADRK & 267202 L

This can be accomplished by setting the limits such that there is no overlap in the differential
between adjacent rooms at the extremes of acceptable tolerances, or by using a common
reference point such as the corridor outside of a suite of rooms.

ZHUFRD L DT, ZOREMEERET D LIZL > TERTED -
O FFRBEA DN DA (extremes of acceptable tolerances) T
AL DR & DRIZZEED A —/3=F v TP
@ —HEDOERE (asuite of rooms) DIMAIDJEE T D X 9 732
ol L7e Gk mho) SRRz 5,

The pressure control and monitoring devices used should be calibrated and, where possible, be
linked to an alarm system set according to the determined levels.

FEHEINDEGEE =2 THOMEHNT, REAITH> Z &, £ LTHEERLGEIE. TOWRE
ENFZLVUIES T, T T =LV AT AIEEBISES Z &

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
WEDIEIRE | BERGEIITZNICHT DT 7 v a V8T R L > TFEY, Pharmabio Faalkami @
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FEHEN EREEora

Fig. A2.10 Examples of pressure cascades
B A2.10 ZMZEEDOEH]

7.1 Airlocks =7 a2 v 7

Airlocks with different pressure cascade regimes include the cascade airlock, sink airlock
and bubble airlock:

BRx IRET ) A — R
v J
airlock) 75§f§|\i nb

GRYE : BERSA2E MG R) 2R D=7 ay 7L, WA — Rz o

(cascade airlock) ., >/ > 7 BI 7 @ v 7 (sinkairlock) . 3B XV T NNTIT T 7 v 7 (bubble

B cascade airlock: higher pressure on one side of the airlock and lower pressure on the
other (for an example, see Fig. A2.11);
AAT—FR=T vy 7 =27y 70— hFoMREmWENEZ L, fiho— MR
JENDHR (FlxiE, B A211 )

B sink airlock: lower pressure inside the airlock and higher pressure on both outer sides
(for an example, see Fig. A2.12);

versRxeTmy s s xruy 7 ORNRIOEDPMELS W15 OIMUDEF A m T

AT, B2 L THA T IARKTH Y £, FOUIR LA HD L ToOr »y MEEDO LD T, TR0 23H Y 7,

WEDIRE . LEREACEZICHT BT 7 v 3 VLTRSS E > TR &, P
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B bubble airlock: higher pressure inside the airlock and lower pressure on both outer
sides (for an example, Fig. A2.13).

NINAKxTry 7 7 ay 7 ORNOEDREL . SMUOR DL NMEL 72>
TW5a (Bl z2iX, Fig. A2.13%H),

Fig. A2.11

Example of a cascade
airlock: in most cases,
the internal pressure of
the airlock is not
critical; the pressure
differential between
the two outer sides is
the important criterion

A2.11

Ay — Rz oy
7 Dl %< DFE,
7 ry 7 ONEHES

FERFDORRDI M

._

|

FERDOSR DA
Air leakage

MmATT7AY Y
Material airlock

H HhRy—FBIT7AY Y

Cascade airlock

FEETIEIRY : 2200MIOHOEREZENEETH D,

Fig. A2.12

Example of a sink
airlock
A2.12
IRy 7 O

|

I

LR Ty AREO SO
YmATTOY s v

./'

Material airlock

Sink airlock
YvoBITAYY

RCICITRARR, B2 L CH A I ABRTH Y £3, IR Cacmie EToe r MEEOLO T, TR0 nHY £,

WNEDIIRE . BERGAIZIZENCHTHT 7 2 a VIFS TR L > TFEW,
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Air leakage

Bﬁﬁﬂiw_\,mua)ﬁm
}tiﬁ:l:rl:ll 7|< 2
- aterial airloc -

Fig. A2.13 |
Example of a bubble airlock ‘|
A2.13 “

R VEILT 1 v 2 Of Bubble airlock ‘

NTNBITFTAY Y

Note: The diagrams above and the differential pressures shown here are for illustration purposes only.
Pressures indicated in these examples are absolute pressures, whereas the local pressure indication
would most likely be the pressure differential from room to room.

E: EO3ISOXOFmMAK E, £ IR LEZERZEEIT, A E LTOHENTRLELDTH
FH DOFEF TR LT JE ST THT I (absolute pressures) CTdb D23, JAPTRYRE J1ZFoR)1E. &1
%k%ﬁ%@ﬁﬁﬁméﬁaﬁﬂégﬁi\ KHHFELNEDTHA I,

Additional controls should be identified through risk identification and risk assessment.
For example, where possible, personnel should not move between different areas during
production (such as compression rooms and in process control laboratories), unless there is
no risk of contamination of other areas. Personnel often become sources of contamination,
as they may carry dust from one area to another. Controls may include airlocks or gowning
procedures.

YATEEEL VA TRAA 2B LT, BRIEHENLDLINERETDHZ L,

BlZ X, FRE ChIu, BERICR e o 2K (B 203, T8 & TRNEIE O 7 ROH)
EREI LN &,

B L., MDOXIEDIHYY A7 BEWIEEIIR NS,
ThbH, LWIDIE, H2DKIED LMo KK BET

H*Eﬂé,%é:tb X UIE, BYRR L 72 0 15D 171E
L LNV ETHD
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8. Temperature and relative humidity 1R & FExHEE

Manufacturers should set appropriate upper and lower limits for temperature and relative
humidity for different areas. The required storage conditions specified for the materials and
products should be considered when the limits are defined.

BUEZEA T, SO XIS U TR & AR E OB )70 EIRE IOV RO FEIREAE 2
RETDHI L, TOMEMERET D56, FAEHS J ORI L TRE ST 2 Z0R R
ERMEEETDZ L,

The HVAC system should be designed in such a manner that these limits can be achieved
and maintained through all seasons.

T OREMEAETORHZE U TER I, MOMERFT 5 2 &3 kD £ 9 kT,
HVACY 27 bk kad 5 2 L,

Systems for dehumidification or humidification require special considerations, owing to
their contamination risk (e.g. condensate formation, bacterial and fungal contamination,
contaminated steam and risks when using mobile systems between different areas).
Chemicals such as corrosion inhibitors or chelating agents, which could have a detrimental
effect on the product, should not be added to the boiler system. Humidification systems
should be well drained.

BRIT (dehumidification) @ 2 WMIANIE (humidification) D AT Ak, FFICHEEDBLETH S,
EWVI DX, ENBERDOY A7 (4T HNLTHDL BIZIX, EFEMOERE., MEB LD
EDOVHYR, G LT ARR. € L TR S T2 XIRRE] TORBE T AT I (mobile systems) 2 L7235
HAEDY A7), JEARSIEF] (corrosion inhibitors) d 5V MEF L— R Al (chelating agents) D K 9 7p{b 2 EK
A, WEICHEREELFROWMEELDH Y | R, T—D U AT ATHRIMLIRNZ &, i
AT I (humidification systems) 1%, +43IC KL A &R LIHES Z &,

No condensate should accumulate in air-handling systems. Other humidification
appliances such as evaporative systems, atomizers and water mist sprays, should not be
used, because of the potential risk of microbial contamination. Air filters should not be
installed immediately downstream of humidifiers, as moisture on the filters could lead to
bacterial growth. Cold surfaces should be insulated to prevent condensation within the clean
area or on air-handling components.

EENMAEYD (condensate) %, ZEFFE D S AT A (air-handling systems) (558 S B 7202 &, F O
TBHEE . B 2 1E78FE S AT I (evaporative systems) . 7 b~ H— (atomizers) 35 KX UVK I A M EFELE
& (water mistsprays) D X D72 b DL, FEHLZRWZ &, ZIUIBEMIBROEBIEN U A7 ZFf>

ARSCICIERER, BEBZ L THA T IABKTH Y T3, IR xwme L TCoe v MEEO LD T, TEBYRHY 5,
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MHTHD, =7 7 40 E, INBEEDO FTROBEITICHRE LW &, JiUd, 7440212
DN KRR DOHEIE 2 < FIREMEZ OB TH D, W72\ FEH (cold surfaces) %, HTEL
W ZT 52 L, Zhud, 7 U — KNS DO ZE AR K 3SR (air-handling components) (2, 16E
MExEH<TDTHD

Chemical driers using silica gel or lithium chloride are acceptable, provided they do not
become sources of contamination.

UL ( (silica gel) B DWIEHEAL YU F 7 2 (ithium chloride) 218 FH 3~ A2 RSN X FFRS
NObDTHLN, TNODBHGRE 2 BN LA EHOHHRETH 5

9. Dust, vapour and fume control # 2 b, AR LU = — L DHIHH

Manufacturers should ensure that dust-generated vapours and fumes are effectively
removed from the manufacturing areas. Extraction or collecting systems should be designed
and qualified to demonstrate this. Sufficient air velocity should be maintained in such
systems to effectively remove dust and vapours.

BEEE T, ¥ AN (BR) 2RAEIELIEKBINE 2 — A (fumes: fie iy &, #iE
XD B NRINTRET D 2 &, PEH E 72135552 A7 A (extraction or collecting systems) 2 &l L
AL Rk A BNGRETH Tk, XA %&Uﬁﬁ%éﬁ%w:ﬁfﬁf#ékmz\ DX 7%
AT LTI, K 2 R 5

A dust extractor should normally not serve different rooms where different products can
be processed at the same time, owing to the risks such as backflow or flow from room to
room, resulting in possible contamination and cross-contamination.

BEIRW 5| 4ETE (dustextractor) (L, F72 > 7B Z[RIRFICIN T 725 X 5 2B OEE=RIZIX

W BT, T UL, WU (backflow) 3 A UWMEHEREM OKIRD FEAL (flow from room to room)
LWV TV AT EALD #bf% TR Ko THHEYEH D VIAR X HY % Z T rIRE D &
Do

Wherever possible, dust or vapour contamination should be removed at source, that is,
as close as possible to the point where the dust is generated.

ATREZRIR D | A R 8 D WIIFRKRDTEY L, TOREMLTRET 52 L, Thbb, ¥
A R DBRET DENLACHORIZIT RS ETRET S Z

Ducting for dust extraction should be designed with sufficient transfer velocity

ROCIC IR, MBE LT T IABLT B Y T, ROCUIFEHD ETOE Y MEEO LOT, BIH8Y 5HY £,
WNEOMIRE | BERGAICRZAICKT 2T 7 ¥ a VIELPFINC L > TRV, Phame i Fankani ()
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(determined by the manufacturer, depending on materials and products processed), to
ensure that dust is carried away, and does not settle in the ducting (a guidance value is 15—
20 m/s). As vapours can be problematic, extraction may be supported by directional airflow
to assist in the removal. The density of the vapour should be taken into consideration, with
extract grilles at a high level or possibly at both high and low levels.

H A MBI DO IT A (ducting for dust extraction) [, F DX A RSELY FEoNL. 7> X 7 b
R L7222 & BERGEHH R D720 O, +43 72288 (transfer velocity) 2 £F2 X 9 IZF%EHT 5
L& (A X AEIE, 15-20mIsTH D), ZOMEET, W REWYEL LORGICHES
&, BUEEFENRIET DT L, KK (vapours) DHEEITRBEZ L EATHAH DT, ZDOHEH
. BREZFEBT T 5 mMEE S o 72K (directional airflow) (28 > T XA %9252 &N A[EE
%éomw®%f%%ﬁ¢ Lo ZHUIEEVMEEIZWE S D 7Y JL (extract grilles at a high level) %~
KT D0, FRETHIT mb%i%&ﬁib‘(i%@ﬁf MiF5Ze%x, BETHZ

10. Protection of the environment EED{i#

Manufacturers should have controls in place to ensure that air from production areas,
including contaminated air from equipment such as fluid bed driers, is passed through
appropriate levels of filtration, to ensure that the environment is not polluted. Manufacturers
should consult national and international environmental legislation.

GRS T, BEKIE L O&It A, w7 L Lo AlEE A BB SE S 2 b, BREA
B KENT & A RIET AT, ZORERICIE, HE)E SR (fluid bed driers) D &9
TRREER NG DIHY e R e ate 2 b, BUEEE T, UHEB LOEBMRESEZRRD Z &,

11. Commissioning =3I v ¥ a=v7
Where manufacturers perform commissioning, this should be clearly documented.
BEEEN I v a =T Gusk 2T, ThEPfcCE T 5

FREE  ISPEICH A b (%) IZFEMZRRi 23 & 2, BRI O — 8 2 8T 1LE, ROEY Th D -
ISPE Baseline® Guide 2001 =X wvra =7 & 74V 7 ¢ /r—3 3 @ Baseline® Guide Tif, =
Sy va=rZiion T TEENCEEI ST, XE SN, hoOoBRISNEZ V=T ) T DOF
ETHY, = 8- a— P DR - AT b - BEROAZ— T v I biELIC
HHEND, TORE, R ERICAEB L. AT — 7 RAE —OMIRHTIH - 7o 24 CHREN 22 87

RCICITRARR, B2 L CH A I ABRTH Y £3, IR Cacmie EToe r MEEOLO T, TR0 nHY £,
WERDIEIRE | LERIGEIZITENIC ﬂﬁ‘é?’//a/i%ﬁ‘ﬁﬁ( Lo TF&EW, Pharma-bio Futakami @
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B ORWMARMT A LD, ] EEFRLTWA, ZOEFRITH ) TECIE., Mk, EET R

b, VERET R & ETe, TrERELTCaIyva=rr% (EDSITTND,

il
N

=

oy o

* : Solving the Terminology Conundrum Reprinted from The Official Journal of ISPE PHARMACEUTICAL
ENGINEERING® July/August 2008, Vol.28 No.4 (P FFE D ik 2 fi#iH 4 5)
https://www.ispe.gr.jp/ISPE/04_cop/pdf/pharmaceutical_02_ja.pdf 2019.11.117 7 & A

12. Qualification E&AEFEA

Manufacturers should consider all stages of qualification for their HVAC systems. This
includes, where appropriate, user requirement specification, design qualification, factory
acceptance test, site acceptance test, installation qualification, operational qualification and
performance qualification. Qualification to be done over the life-cycle of the HVAC system
should be described and executed, including, for example, when changes are made to the
system.

TEEF X, TOHVACY AT LA DOBMEIETHEDO 2 TCOBRMEZEE T2 L, ZHIZiE, %4
THEAIIE, ROX I BREENREGEEND

« — - FERA AR E (user requirement specification)
o P EHEREE ARG (design qualification)

- L H el (factory acceptance test : FAT)
- BiHs A el (site acceptance test : SAT)

R RS - e ] (installation qualification)

- JEEAME R AL R (operational qualification)

- BB SRR (performance qualification)

HVACY AT LD T A 7H A 7 )WZHOT- > TIT H NZWEIERHMmIL, FnaBHEL, ok
WizxdHZL, 2T, BlZITFDOV AT AOER LT85T L,

Validation master plan(s), protocols, reports and source data for tests should be available.
The scope and extent of qualification should be determined based on risk assessment.
Parameters with limits included in qualification (such as temperature test, airflow direction,
viable and non-viable particle counts) should be justified by manufacturers. The procedures
followed for the performance of the tests should generally be in line with the standard as
described in 1ISO 14644 (3).

NY)F—=va v AF =77 Mgsrggn, 71 ba—L fEEB IO, /7o 723 BRIC
Bl L CDOIET —H (source datafortests) 1%, T (CF A RFE/ARMREE &5 2 &, k&M o & pH

AROCTITRER, BBZ L THA T IABUT H Y E7, IR A FHD ETOR Y MEEDOLOT, LTI AHY 7,
WEDIEIRE | BERGEIITZNICHT DT 7 v a V8T R L > TFEY, Pharmabio Faalkami @
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(scope) & F DM S DOFRE (extent) X, VAT THARAL MIEDWTHREET A Z &, A MERT
fili GREEMRA., K5 M. AR 78 X OFEEFM O X H7%) ITEDDLRERTA—H
(BRREMEZ RS2 &) 1%, WEEE DT ORI L EDIEH 23 5 (should be justified) .
ENFEOREBE OIS T2 FIAX %%z\BOMMM$®%@%EZ*ﬁLﬁ%@&¢
HZk,

Some of the typical HVAC system parameters that should be included in the tests during
qualification are listed next and the selection of the parameters should be justified (for
examples, see Table A2.3). It is recommended that the tests be done at defined intervals. The
tests typically cover:

WEASPEREM RIS E D D REREMRHVACY AT LDRT A —F % LIFIZU AL
Too TNED/INT A—LDEGEIL, Z OB Y EZFEH T2 Gustified) Z & (] 21X, Table
A23 ZZ), ThooRBRIT, HESNZ—EMRETITY 2 EnfERsns, ToORBOR
KRB DOIZ, LTOLORETF NS

W temperature; R)E

W relative humidity; ek

HEHE

B supply air quantities; #5225

return air or exhaust air quantities; U & — 7250 E 7 (PR AR

room air-change rates; /= o #as[m] 5k
room pressures and pressure differentials; ==)35 J O] =T
airflow pattern tests; 4/~ % — > @l

unidirectional airflow velocities; — J7 |4 o i

P

containment system velocities; &f Uil > A7 A DA
HEPA filter penetration tests; HEPA ™~ /L % iZ5iti il
room particle count tests; PR RGN FER

duct leakage tests; 2k — 7Bk

materials of construction; &4 O

microbiological counts; #5444

de-dusting and dust extraction systems. — FEFR[R ds L OVEEERWL 5| > AT A

FULTIFRRR, MBE L THA T IANRLT H Y £, RNIFR L2 HFEL ETOr sy MREDLDT, XTRIBHY £,
WEDIEIRE | BERGEIITZNICHT DT 7 v a V8T R L > TFEY, Pharma-bio Futakami @
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Table A2.3 Considerations for test parameters and procedures

£ A23 BRBRNRTA—F L HEOBEEE

GEPSRiTIES

Technical Report Series, No.

Test parameter Test procedure Note
R R/FG A—F ARG E pas
Temperature ISO 14644 (3) and WHO Adapt ISO tests in case of longer periods, and consider the
BT Technical Report Series, No. temperature mapping test as described in WHO Technical
961 (6) Report Series

EHIROBAIXISODRER 1L A4 H L. WHO Technical
Report Series Tk X TV 5 L 95 72~ v v 2 7k &
EETD

Relative humidity ISO 14644 (3) and WHO Adapt ISO tests in case of longer periods, and consider the

temperature mapping test as described in WHO Technical

R T- 55

961 (6) Report Series

EHIROBAIXISODRER 1L A2 H L. WHO Technical
Report Series Tl _CTW\ A X 9 7piRfE~ v v Vil %
EETD

Pressure differential ISO 14644 (3) Consider extended periods to show consistency in

] performance
MEREDIEF A NGRS B 720, HIFOER T2 2 L 45
BT %

Airflow volumes ISO 14644 (3)

JB. &

Installed filter leakage ISO 14644 (3)

RIE T 4 VA DFN

Particle counts ISO 14644 (3)

Airflow direction

7 1A

ISO 14644 (3) or company
procedure (smoke test)

ISO 14644 (3) F /=1 Ht:
DI (AE—T T AR)

Ensure a continuous capture of the process, e.g. video, with
correct angles to demonstrate air flow direction, and
appropriate records and labelling indicating date, time,
signatures and area filmed and recorded in a traceable manner

Bz X, KRS ZSREST D72 Oy 72T > 7 v
DOET AT, ZOWMBOEGN /g2 HEFEIZT S 2
Lo EnEHT, B, Bl GRIE  BegE o) B
&, BLORE LIZY Fﬁ%ﬁ—ﬁwthq&b %/Tfm“ao

KD FEBR LR 2

H LD 1%

TNHOFRERIE. FL—RAARBRLGETITOND Z
Airflow velocity ISO 14644 (3)
S IA
Recovery In-house procedure

Air-change rate
b EIE

RSCICITRARR, BB Z L CH A I ABRTH Y £,

WEDIEIRE | BERGEITITENIC iﬁ‘é?’//a/

AR AR LT s MREO DT, TR AH Y £,
‘Z\j‘ﬁjﬂi EoTrav Y Pharma-bio Futakami @
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13. Maintenance * v J5F &

Manufacturers should maintain current documentation for HVAC systems, including
operation and maintenance manuals, schematic drawings, procedures and records.

BUESEF L, HVACTY A7 ADBUROERREBOCELZ MR T2 2 L, ZHUdiX, AT F v
AD~==a7 )V, XM (schematic drawings) . FIEF KOG E &Te = &

Repairs, maintenance and preventive maintenance (including cleaning, replacement of
components, changes, qualification) should be executed in accordance with procedures.
Records for these should be maintained for an appropriate time.

B, REB IO TPBHR4E (preventive maintenance) (ZAUIZIE, 7 U —=07" WA EEEE DAZHA,
BRI OB MO Z &) 13, TOFRIAICHESTITH 2 &, N6 0O5EL, @Y7
. HMeRF35Z &,
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