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SCHEDULE FOR THE PRBOSED ADOPTION PROCES OF

DOCUMENT QAS/15639
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BACKGROUND

During theconsultation on data management, bioequivalence, GMP and
medi ci nes 0 i ns phe possible nevisioreof tde guidanc® 0 1 5
for (WHO Technical Report Series, N6 Annex5, 2011) was
discussed with thmspectors. It was suggested that in light of the new
developments a draft for revision be prepared. This new proposal for
revision was drafted based on the feedback received, thensent
trends inengineering and the experience gained during thesimghtation
of this guidance in inspection

At the same time, the opportunity was used to improve the graphic images
and make them more readable imezsion as well as in print.

Summary of main changes

Below is a list of the main changes that have been made to the WHO Technical

Report Series, No. 961, 2011, AnnexSbipplementary guidelines on good

manufacturing practices for heating, ventilation and@nditioning systems for

non-sterile pharmaceutidalosage forms

1. ThePremisesection has been moved towards the beginning of the document
due to its important impact on'HVAC designs. In addition the text has been
expanded and a number of sample layouts have been included.

2. TheHVACsections-have been-agranged into a more logical sequence.

3. TheCommissioning, Qualification and Validation (C, Q &3&éction has
been aligned with the proposed revisions to the Supplementary GMP
Validation TRS'No.937, Annex4 guidelines.

4. Significart notes were added under the néwpplementary notes on test
proceduressection.

5. TheMaintenancesection has been separated out of the C, Q & V section.
6. All the diagrams have been revised (mainly to achieve better clarity).

7. Throughout the document addital notes have been added and text revised
to provide better understanding and avoid ambiguity.
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1. INTRODUCTION

Heating,ventilationand air-conditioning(HVAC) play animportantrole in
ensuringhemanuactureof qualityphamaceuticaproductsA well designed
HVAC systermwill alsoprovide comfartable conditionsfor operators.

These guidelines mainly focus on recommendations for systems for
manufacturers ohon-sterile dosage formsand include tablets, capsules,
powders, liquids, creams,intments, etc.The HVAC design principles
contained in the guidelines may be applied to other dosage forms.

HVAC systemdesigni n p u earchutectsiral dyoutswith regardto items
suchasairlock positions,doomways andlobbies Thearchitecturatomponents
have an effect on room pressurg differential cascadesand cross

contamination control.The prevention of contaminationand cross

contaminations an essentiadesignconsideratioof the HVAC systemln

view of thesecritical aspectsthe designof the HVAC systemshouldbe

corsideredat the concept desigistageof a phamaceutical marfacturing
plant.

Temperature, relate humidity andventilation should be appropriate and
should not adersdy affect the quality of phanaceutical products during
their mandiactureand storage, or the accurate functioning of equipment.

This documentaims to give guidanceto phamaceuticalmandacturers

and inspectors of phaaceutical marfacturing facilities on the design,

i nstallati on, gual i yc &VACo systems.and
These guidelines areintended to complement thoeeided in Good
manufacturingoracticesfor pharmaceuticaproducts(1) andshouldberead

in conjunctionwith the parentguide.The additionalstandardsddressedy

this guide shoud, therefore, be considered supplementsn the general
requirements-set out in theain principles guidg(WHO Technical Report
Series, No. 961, Annex 3)

2.~ SCOPE OF DOCUMENT

These guidelines focus primigrion the design and good mdacturing
practices(GMP) requirements for YIAC systems forfacilities for the
manudacture of solid dosage rims. Most of the system design principles
for facilities manufacturing solid dosage forms also apply to facilities
manufacturingother dosage forméuch as liquids, ream, @ntments)and
other classes of produatscluding biological productsherbal medicines
compkementarymedicinesandfinishing process steps for ARIs

Non-sterile forms typically include:
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175 1 products with low water activity (less subject to microbial
176 contamination), e.g. oral solid dosage forms, suppositories ;
177 1 products with high water activity (more subject to microbial
178 contamination, depending on the formulation), e.g. liquids,
179 drops, syrups, ointments and creams.
180

181 Additionals pe ci y c r applyforar-aamdingsystemof

182 pharmaceuticadterile products andazardous products. Guidelines for
183 hazardoussterileandbiological productfacilities are overed in separate
184 WHO guidelines (WHO Technical Report Series, N857, Annex 3 WHO
185 Technical Report Series, N®61, Annex § andworking document

186 WHO/BS/2015.2253ntendedo replaceNVHO Technical Report Series,

%gg No. 822, Annex 1, 199Z¢espectively.

189 These guidelinearenotintendedo beprescriptve in specifyingrequirements
190 anddesignparametersThereare many parametersffecting a cleanarea
191 conditionandit is, therefored i f ytalay Hotvnthes p e adaqurements
%8% for oneparticular parametem isolation.

194 Many phamaceuticamanuacturershave their own engineeringlesignand

195 qualiycation standardsnd requirements & vary from one manfacturer

196 to the mxt. Design parameters and user requirements ghthdrefore, be
197 set realisticdl for each project, with a & to creating a cosiffective

198 design,yet still comdying with all regulatay standards and ensuring that
199 productquality andsafetyarenot compromisedThethreeprimary aspects
200 addressedn this guidelineare the roles that the HVAC systemplays in

201 product protection, personnel protection am/irenmental protection
%8% (Figurel).

204 Cognizance should be kan of the products to be mdaoturedwhen

205 estdlishing systemdesignparameters. Aacility mandacturing multiple

206 different products my have more stringent design parameters with respect
207  to crosscontamination control, compared with a single prodaciity.

208

209 Risk assessment studies should be an integral part of the facility design and
210 implementation, from thaser requirement specificatistage right

211 through to validation, as indicated in the diagram belegure?2).

212 Validation protocols and criteria should be justified by links to a written
213  risk assessment.

214
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215 Figure 1. The guidelinesddress thevarious system criteria acabng to
216 thesequence set out in thissgram
217
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220 Figure 2 GMP compliarce sequenceagram
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3. GLOSSARY

Thed e y n i givéenbabw apgdy to terms usedin theseguidelines. Thy
may have different meanings in other caxsts.

acceptance citeria. Measurdle tems underwhich a test result
will be considered acceyiile.

action limit. The action limit is reachedvhen the acceptance
criteria of a critical parameterabe beenexceeded. Results outside these
l'imits will requivesiggatespeci yed act.

air changes per hour The volume of air suppligl to aroom in m3/r,
divided by theroam volume in m3.

air-handling unit. Theair-handlingunit sevesto conditionthe air
andprovide therequiredair movement within dacility.

airflow protection booth. A booth or.chamber, typically for
purposes of carrying out sampling oeighing, in order to provide product
containment and operator protection.

airlock. An enclosed space withwd or more doorswhich is
interposed beteen Wwo or more rooms, e.g. of fering classes of
cleanliness, forthepp o s e of ¢ o n bw bethekni thoge roomse
when they need to be entered\n airlock is designedfor and used by
either peopleor goods (personnel airloqPAL); material airlock MAL) ).

alert limit. The alet limit is reachedwhen the nomal operating
range of a critical parametbasbeenexceedé, indicatingthat correcive
measuremay need to be ten to pevent the action limit being reached.

asbuilt. Condition where the installation is complete with all
savices connectedand functioning but with no production equipment,
materialsor personnepresent.

at-rest. Conditionwhere the installation isomplete with equipment
installed and operating in a mannegreed uponby the customer and
supplie, but with no personnel present.

central air-conditioning unit (seeair-handling unit)

change control A formal systenbywh i ch qual i yesd
of appropriate disciplineseview proposedor actual changesthat might
affect a validatedstatus.The intentis to detemine the needfor actionthat

0]

r

c

¢
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would ensurethat the system is maintained ivalidated state.

clean area (cleanrom). An area(or roomor zone)withd e y n e d
environmental control of particulate and microbial contamination,
constuctedandusedin suchaway asto reduce thentroduction,generation
andretentionof contaminantsvithin thearea.

clean-up (seerecoveny)

closed system A systemwhere the product or material is not
exposedo themandacturing evironment.

commissioning Commissioning is the documented  process of
verifying that the equipment andystemsare installed according to
S p eci y placingthe agsipment intoacive sevice andverifying its
proper action. Commissioning kies place at the conclusion of project
constuction but prior tovalidation.

containment. A process or evice to contain product, dust or
contaminants in one zone ggenting it from escapintp another zone.

contamination. The undesiredintroduction of impurities of a
chemicalor microbial nature, orof foreign matte, into or on to a starting
material or intermediate, during production, sampling, packaging or
repackaging, storage or transpo

controlled area (classified area) An areawithin the facility in
whi ¢ h s pvieoamegta parametersconditionsand proceduresare
d e ydn eontrolled “and monitored to prevent degradation or cross
contamination of the product.

controlled not classified An area where some environmental
conditions are controlled (such as temperature), but the area has no
cleanroom classification

critical parameter or component A processing parameter (such as
temperature or relate humidity) that #ects thequality of a product, or a
component that ay have a direct impact on the quality of the product.

critical quality attribute. A physical, chemical, biological or
microbiological propety or characteristic that should be within an
appropriate limit, ranger distribution to ensure the desired product qualit

crosscontamination. Contamination of a sting material,
intebme di ate product or ynirtnd maderiapar o d u
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product during production.

crossover-bench Crossover or stegpver bench in change room to
demarcateéhe barrierbetweerndifferentgarment change procedures.

design conditonDesi gn condition rel at e:s
accuray of a controlledvariable usedby the designer as a basis for
detemining the perfamance requirements of an engineered system.

design qubBésygmatqgoal i ycation 1is
of pl anning document s adegigncondacntyn i c 8
with the process, mafacturing, good manufacturing practiceand
regulatay requirements.

differential pressure The difference in pressure between two
points such as the pressure difference between an enclosed space and a
independent reference point, or the pressure difference between two
enclosed spaces.

direct impact system A systemthatis expectedto have a direct
impacton productquality. These systems are designed and commissioned
in line with good engineering practice dann addition, are subject to
qgualiycation practices.

ex yrtion. E x y.I t r a tegressrof air fsom fa boatrolled area to
anexternal zone.

extract air .-Air leaving a space, which could be either return air or
exhaust air. Return air means that the air is returned tirthendling unit
and ehaust air means thtte air is vented to atmosphere.

facility. Thebuilt environmentwithin whichthecleanareanstallation
andassociateaontrolledenvironmentsoperatetogetherwith their suppating
infrastructure.

good engineeing practice Estadlished engineeringmethodsand
standardsthat are applied throughout the project lifecycle to deiver
appropriate, costffective solutions.

hazardous substance or productA productor substancé¢hat may
presentsubstantiafisk of injury to health or to themironment

HEPA filter . High efficiency particulateigfilter.
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HVAC . Heating ventilation and atconditioning. Al® referred to
as Environmental control/stems

indirect impact system This is a system that is nekpected to
have a direct impact on produquality, but typicaly will suppat a direct
impactsystemThesesystemsre designed and commissioned according to
good engineng practiceonly.

i nyation. | ny | tis thetingressof air from an external zone
into acontrolledarea.

installaton qu al i ytast ahl at i asndocgmertddi y c
ve r i y cthat theopremises, MAC system, suppting utilities and
equipment Bve been built and installed in compliance with their apgad
design speciycation.

ISO 14644 The Internationabtandards Orgamation has developed
a set of standards for the classification and testing of cleanrooms. The
standard comprises 12 separatetf Where ISO 14644 is referenced it
implies the latest revision.

NLT. Not less than
NMT. Not more than

no-impact system.This is a systemthatwill not have any impact,
eitherdirecty or indirecty, on productquality. Thesesystemsare designed
andcommissionedccording tayood engineng practiceonly.

non-critical parameter or component.A processingparameteor
componentvithin asystemwheretheoperation, contact, data control, rata
or failure will have an indirect impact or no impact on the quality of the
product.

normal operating range. The rangethatthe mandacturerselectsas
the acceptale valuesfor a parameter duringormal operations.This range
mustbewithin theoperatingrange.

OO0S. Out of specificationIn relation to HVAC systems this could
refer to any of the environmental conditions being QOGS falling outside of
alert or &tion limits.

opeating limits. The minimum and/or maximumalues that will
ensure that product and safety requirements are met.
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operating range Operating range is the range \@lidated critical
parameters withimvhich acceptble products can be maiactured.

operational condition. This condition relates to oging out room
cl assiycati onrma gradicton prdacdsh withh dge@pmentin
operation and the mmal stdf present in thepecificroom.

opgat i onal q.Omefationac uaat | iimjsthadbcunsentsy
evidene to verify tha the equipmentoperats in accordane with its desig
s p eci ygioiwnoimd operatig rangeand perfams as intendeal throughot
all anticipate operatirg ranges

oral solid dosage Usualy refers to aroral solid dosagelant that
mandactures medicinal products such addts, capsules-andopders to
be t&ken oraly.

passthrough-hatch or pass lox. A cabinet with wo or more doors
for passing equipmenmaterialor product,whilst maintaining the pressure
cascade andegregation betveen wo controlled zonesA passve pass
throughhatch(PTH) hasno air suppy or extract. A dynamicPTH hasan
air suppy into the chamhe

performance q al iy c Retfamame. g u al inyis athei o
documentdve r i yntha the pmces andbr the totd proces related to the
systen perfamsas intendal throughot all anticipatel operatirg ranges

point extraction. Air extraction to rerve dust with thesxtraction
point located as close as pdsio the source of the dust.

pressure cascadeA processwherdoy air pows from one area,
which is maintainedat a higher pressure, to another amaintainedat a
lower pressure.

gual i yQataildarycati on i srying bue ang | ar
recording of tests on equipment andsystem,which fooms pat of the
validated process, to demonstrate that it will penfas intended.

quality critical process paameter. A process parametrhich
could have an impact on the criticguality attribute.

recovery. Room recovery or cleanp tests are performed to determine
whether the installation is capable of returning to a specified cleanliness level
within a finite time, after being exposed briefly to a source of airborne
particulatechallenge
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relative humidity. The ratio of the actud wate vapou pressue of
the air to the saturatedwate vapou pressue of the air at the same
temperatue expressd asa percentageMore simpy put, it is the ratio
of the mas of moisture n the air, relaive to the mas at 100% moistue
saturationat agiven temperature

standard opeating procedure. An authorized written procedure,
giving instuctions for perfoming operations, not neces$ari speci yc
given product or material, but of more generalnature(e.g.operationof
equipmentmaintenancandcleaning,validation, cleaning of premises and
environmental control, sampling and inspection)rti@m standard opating
procedurs may be used to supplement procscp e c i 'y c = rhatcht er
production documentation.

turbu | e ow. Tufr b u lowe artnorpn i di r e cow,iisan a |
distribution that is introduceimto the controlledspaceandthenmixeswith
roomair by means of induction.

uni direcowbdnbli aecdwiicsnal reeiostph ye
over the entire crossectional area of a clean zone with a steaslgcity
and appoximatdy parallel streamlines (see alsou r b u bwg. (Modern
standards no longer refer to laminar flow, but have adopted the term
unidirectionalairflow.)

validation. The documented act of guing that ay procedure,
process, equipment, material, igity or system actualy leads to the
expected results.

validation master plan. Validation master plan is a hidbvel
documentwhich estalishes an umbrellavalidation plan for the entire
project and . is used as guidanbg the project team for resource and
technical planning (alsorefee d t o as master qual i

4. PREMISES

4.1. There is a close relationship between architectural design and
HVAC design, as they both have an impact on the functionality of the
other. HVAC system design influences architectural layouts with regard to
items such as airlock positions, doorways andikgbrhe architectural
layouts and building components have an effect on room pressure
differential cascades and cressntamination control. The prevention of
contamination and crosntamination is an essential design consideration
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of the HVAC system.r view of these critical aspects, the design of the
HVAC system should be considered at the concept design stage of a
pharmaceutical manufacturing plant, @hd design should be closely
coordinated with the architectural designet$he above design
consderations shouldlso be applicable to facility upgrades or the
retrofitting of facilities.

4.2. As the efficient operation of the diandling system and cleanliness
levels attained are reliant on the correct building layout and building
finishes, thdollowing items should be considered

4.2.1. Adequate airlocks, such as personnel airlocks (PAL) and/or material
airlocks (MAL), passthrough hatchefTH), change rooms and passages
should be provided tiimit air transfer between different cleanliness zones,
and may be provided to limit crog®ntamination within the same

cleanliness zond&hese should have supply and extract air systems as
appropriate

4.2.2. Areas such as airlocks, change rooms and passages should be
designed so that the required pressure cascatese achieved

4.2.3. Detailed diagrams depicting pressure cascades, air flow directions
and flow routes for personnel and materials should be prepared and
maintained

4.2.4. Where possible, personnel and materials should not move from a
higher cleanliness zone tdaver cleanliness zone and back to a higher
cleanliness zone (if moving from a lower cleanliness zone tgreehi
cleanliness zone, changidgcontamination procedures should be
followed).

4.2.5. The final changroom shoulde the samgood manufacturing
pradices GMP) classification gradéat rest)as the area into which it leads.

4.2.6. Door gaps around the door perimeter have a marked impact on the
pressure differential across the doorway. The fit of the doors should be
agreed upon between the architect andH¥WAC designer to ensure that

the correct leakages are allowed for. Likewise the maintenance of doors is
a critical factor in room pressure control (a poorly fitting door can severely
compromise a room pressure differential)
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4.2.7. Where the opening and cloginf airlock doors could lead to cress
contamination, these airlock doors should not be opened simultaneously.
An interlocking systenandbr a visual and/or audible warning system

should be operated to prevent the opening of more than one door at a time.

4.2.8. Doors should be carefully designed to avoiecleanable recesses

Swing doors should open to the higressure side and be provided with
self-closers Exceptions are permitted basexsite environmental, fire,

health and safety containment requireme@tsgnizance should be taken of
possible room pressure changes due to fan failure and the impact on ease of
opening doors for escape purposes.

4.2.9. The choice of building finishes and materials also has-an impact on
air conditioning performance and air cleantise Materials should be
selected that will provide a wedlealed building to facilitate room pressure
control. Materials and paint finishes should also bedwst and particle
liberating as this impacts on room cleanliness. Finishes should be easy to
clean and notabsorbentTo reduce the accumulation of dust and to
facilitate cleaning, there should be nodlganable recesses and a minimum
of projecting ledges, shelves, cupboards and equipment.

The following diagramsre examplesf roomand suite layouts with their
associated room pressurekhese are purely examples and other factors
may dictate different room arrangementd amom pressures

Room pressure differentials could be lower or higher depending on the
specific design andperations. The purpose of a pressure differential is to
enhance the separation between areas with different levels of cleanliness
and also to provide containment to prevent crosstamination. Where
there is no difference in cleanliness level, and nemal for cross
contamination, a zero pressure differential can be applied.
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563 | Figure 3 Example of aveigh oth layout
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Note Similar air handling and produgitrotection principles apply to

sampling sites.
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570 Figure 4 Example of alispensaryste
Production Passage
% %
Dispensary [ Wash [T7T]
Post-Staging Bay
Room Optional
location
Weigh | o Weigh i i Broken
Booth 1 E%’ Booth 2 ! i 5 Bulk
Airflow b Airflow | il Store
Protection s Protection | e
= Plenum—,; ! ~
Wash [ [[]] NMwash
Bay Bay
Optio_nal J Optional
E location E location
Dispensary Pre-Staging Room
3
>S5
23
o
©
=
571
572 Notes:
573 1. Two alternativedcations are indicated for the washys.
574 2. The brokenudk store is optional. Alternatively partially used
575 corntainers can be returned to theavehouse.
576 3. The inclusion of MALs at entrance and &xitveigh lmothsdependon
577 containment risks and the pressure cascade design.
578

579
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Figure5. Change rooms andlashing areéayouts
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583 Figure6. Example of a&xompression cubicle with change room and MAL
584  for higher risk materials

Change
250y o Room
Q(‘/» (% 8

(0]
()]
y @
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. 35Pa
Compression Supply S
Cubicle crle 3
35
MAL £
e
S

585 J

586 Note: The inclusion of the PAL and MALdspendent on product risk,

587 range of products handled in adjacent cubicles, pressure cascade and open
588 vs closed manufacturing processes.

589

590
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591  Figure7. Example oftompression cubicle without change room and MAL
592  for lower risk material¢inclusion of airlockglependant on risk assessment)
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594  Note the supply air from the ceiling towards the front of the cubicle and air
595 extract at low level at the back corners of the cubicle.

596
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Figure 8 Example ofwashbay siite
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5. DESIGN OF HVAC SYSTEMS AND COMPONENTS

5.1. General

5.1.1. The required degree of air cleanliness in nmaststerile dosage

form manufacturing facilities can normally be achieved without the use of
highe f ycivency particulate air (HEPA)
recirculated or in the case of a singl@dud facility. Many open product

zones ohon-steriledosagdorm facilities are capable of meeting ISO

146441 Cl ass 8 wearesGroadeeo nd,i tAiaotn, meas
sivzes of 0.5 Om and 5 Om, but cl ea
as sich by manufacturers.

Grade D conditions usually have a maximum viable particle concentration of
200 cfu/mi. Alternativemicrobiological levelsas per the table below could be
used depending on risk assessments.
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617 Tablel. Microbiological air quality in production premises for the manufacture of
618 nonsterile medicinaproducts

Area Limits Limits Routine

in operation at rest monitoring
frequency of

Manufacture of | Alert limit Action (cfu/m3) testing

nonsterile, (cfu'/m3) limit

semisolid*and (cfu/m3)

Lgr‘#‘izdosage 250 500 100 Weekly

Manufacture of

tablets, capsules| g, 800 400 Monthly

and coated

tablet$

619  TColony-forming unit

620  2In analogy to WHO GMP gjdelines, this area can also be classifiedyeade E.

621  2In analogy to WHO GMP gdelines, this area can also be classified as grade F.

622 4 Depending on the product properties it may be necessary to define stricter limits febasttsersolid

623  dosage

625 5.1.2. Arisk assessment should be carried out to determinedtine

626 cleardinessconditions required and the extent of validation requiGatte
627 room cleanliness and environmental conditions have been determined,
628 qualification of these conditions should be catmeit.

630 5.1.3. There are two basic concepts of air delivery to pharmaceutical
631 production facilities:a recirculation systeand a full fresh air system
632 (100% outsideair suppy). For recirculationsystemgheamountof freshair
633 shouldnotbedeteminedarbitrarly onapercentagéasisbut, for example,
634 by the following criteria:

635

636 1 s uf y &ashaintb compensatéor leakagefrom the facility and
637 loss throughexhaust air systems;

638 ! sufycient f rle with natianal building egulations
639 (depend on occupant density)

640 T sufycient fresh air for odour
gﬁ% 1 sufficient fresh air to provide the required building pressurization

643 5.1.4. Where automated monitoring systems areduskeese should be
644 capdle of indicating ay outof-s p e ¢ i Y@QS})conditionby means of
645 an alam or similar system. Sophisticated comptliased data monitoring
646 systems ray be installe, which can aide with planning of genive
647 maintenance and can als@myide trend dgging.
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(This type of system is commignrefared to as a building management
system (BMS), building automation systeBAS) or system control and
data acquisition (SCBA) system. If these systems are used for critical
decisionmaking, tley should bevalidated. If the BMS is not validated in
full (or in part for these critical paramesdy an independent validated
environmental monitoringystem (EMS)should be provided, specifically
for recording and alarming critical parametéree EMS for monitoring of
critical parameters could be a computed system or a more manual
means of recording dat&ritical parameters could includéor example,
room temperature in production arehsmidity, differential pressures, fan
failure alarmsetc)

5.1.5. Failure of a suppy air fan, retun air fan, exhaustair fan or dust
extract systenfan can cause a system imbalance, resulting in a pressure
cascademaf uncti on wi owhevessalrresul tant air

5.1.6. Appropriatealarm systemsshouldbein placeto alert personnelf a
critical fanfails. Critical alaams should be easly-i d e rble anyl \asible
and/or audile to rekvant personnelThere should be an action plan for such
alarms i.e. stop production, close up open product, move product, etc., and may
includecorrective and preventive actioBAPA).

5.1.7.Based on aisk assessment fan interlock failure matrix shouldbe

setup, suchthatif a fan seving a high pressure zodails, then ay fans
saving surounding bwer pressure areas should automadtycatop, to

preve nt  awrevarsalrapd posdlie crosscontamination. This fan step

start matrix should-apply to the switching on and switching off of systems
to ensure that there is no flow reversal causing erostamination.The

effect of fan failure on building and HVAC components should also be
assessed. « A failure of one fan could cause excessive positive or negative
pressures resulting in damage such as structural failure of components.

5.1.8. Materiak for componerd of an HVAC systen shoull be selected
with care so tha they do not becone a sour@ of contamination Any
componehwith the potentid for liberating particulate or microbial
contaminatio into the airstrean shout be located upstrean of they n a |
yl t.er s

5.1.9. Wherepossble ventilationdampersy | taadotkersavicesshould
be designed angbsitioned so that gy are accesblie fromoutsidethe
manudacturing areas (se@ce voids or sevice caridors) for maintenance
purposes.
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5.2.  Air distri bution

5.2.1. The positioning of supply and extract grilles should be such as to
provide effective roonp u s h i n-igvel retumwer exhaust air grilles are
usually preferred. However, where this is not possible, a higher air change
rate may be needed to achieve a sg¢g
ceiling return air grilles are used.

5.2.2. There may be &drnative locations for return deaving the room
For example, referring tBigure9, room 1(low-level return air) andaom 2
(ceiling returnair).

Figure 9. Air-handling system with hige f y cyipa&tni .cul atséen ai r
air-handling unit

AIR HANDLING UNIT
ol - -
2 < § _ % ® = Supply Air
g of 8f §2 < ® = Return Air
E ] a 8" & ® = Fresh Air
® [ o @) T
/\jaf> | £ o
o
. H @
|
Lo ®
1
1 ®
!-—————4-——— — - ——e— e, — e e e e = - —y
| | | |
! . | |
i i ® B |
. ! | L L L
 E— R —)  —  —
| |
1 Room with I0w© 1 ® Room with S ®
level return air ceiling return air
|® |
| |
| |
1 1
| |
~
N
N& ROOM 1 ROOM 2
>

The a i aw [schematicsof the two systems(Figures9 and 10) indicate
air-handling units with return air or recirculatedair, having a percentage

of fresh air added.Dependingon productcharacteristicand dustloading

it is sometimes prefebh e t o yt ry &irtoetlets or io retnraie t u
ducting.
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Figure 10 is a schematic diam of an athandling system seng
rooms with hori zavnwertail c aulni wn iodesnd @ otn
t ur b uolwean toomp 3, 4 and 5, respedy. In this case the HEPA
filters are terminally mounted at the rooms and not in the AHU. Terminally
mounted supply air HEPA filters can assist with preventing cross
contamination from room to room in the event of a fan faioerdition.

The decision whether to install terminal HEPA filters should be based on a
risk-assessment study.

FiguelO.Hor i zont al owmvetdi ¢ &ict U oiowdnd ¢pct i
turbu | eonmt p

AIR HANDLING UNIT
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|—
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—_——————e PN — e —F - — - ————— - —_————— ———
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]

@

I
]
1
I
i
. I
!
I
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5.3. Recirculation system

5.3.1. Therisk of contaminationand/or crosscontamination (including
by fumes andvolatiles) due to recirculation ofrashould be evaluated to
determine if recirculation of air is acceptable.

5.3.2. Dependingon the airbane contaminantsn the return-air system

it may be accepthle to use recirculatedair, providedthat HEPA y | t er s
are installed in the supp air stream (or retmn air stream) to reove
contaminantsand thus prevent crosscontamination. TheHEPA y | t ferr s
this application shoulddre anEN 1822 | assi ycati on of F

5.3.3. HEPA y | t maay sot be required where the air-handling system
is seaving a single producffacility and there isevidence that cross
contaminatiorwould not be posble.

5.3.4. Recirculation of airin areaswhere phamaceutical dust is not
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generated such as secondpacking, nay not require HRA y | t er s
system.

5.3.5. HEPA y | tag beslocated in the mehandling unit or placed
terminaly. Where HEPA y | t eame serminally mounted they
should preferdly not be connected to the ductiby me a nesibleo f
ducting. Due to the high air pressure required for thenten a Ir, thig | t e
connection shoulgreferdly be a rigid duct connection. Wherdexible
ducting is usel, it should be as shbas posdile andpropety xgd to
withstand duct pressure.

When HEPA filters are terminally mounted, it should be possible to carry
out filter integrity tests from within the room. The filter housings will
therefore require ports for measuring appropriate upstream concentration
(refer to 1ISO 14644.3) and penetogticoncentration from within the room.
In addition it should be possible teeasurehe filter-pressure drop in
individual HEPA filtess by means of test ports provided.

5.3.6. Air containing solvents or flammableapoursshouldnot be reirculated

to the HVAC sysm. Air containing dust from highly toxic processes should only
be recirculated risk assessments shows adequate proteation special
precautions are in place (e.g. triple HEPA filtration).

5.4. Full fresh-air systems

5.4.1. Therequireddegreeofy | t r @f thé eshaustair dependson the
exhaustair contaminant@andlocal environmentalregulationsHEPA Yy | t er s
in the exhaust systenmwould namaly only be requiredwhen handling
hazardous materials.

Figure 11 .indicates a system operating on 100% fresh air waodld
normally be usedin afacility dealingwith toxic productsor solvents,where
recirculation of air with contaminants shoulddeided.
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;gg Figure 11. Full freshair system
AIR HANDLING UNIT ‘
= — ® = Supply Air
g 2 2 2 ® = Return Air
= 28 28 - ® = Fresh Air
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T SiT =
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=X — - ——— - —=
| Degree of filtration required
depends on exhaust air contaminants

789 Note: A HEPA filteron supply ailis optional for a full freskair system.

790 A HEPA filter on the exhaust air is dependent on type of contaminants in the
791 exhaust leaving the room.

792

793 5.4.2. Enagy-recovery-wheek if usal in multiprodud facilities should
794 have bee subjectel to a risk assessmdnto detemine if there is any
795 risk of crosscontamination When sudh wheebk are usal they should
796 not becone asour® of possble contaminatio (see Figure 12).

797 Note Alternatives to the eneagy-recmvery wheels such as crosover plate
798 heat exhamgers and water-coil hea exchamgers, may be usal in
799 multiproduct facilities.

800
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Figure 12 Full freshair system with engy reovery
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Degree of filtration required
depends on exhaust air contaminants

5.4.3. The potentialfor air leakagebetveenthe supgy air and exhaustair
asit passeghroughthe wheelshouldbe prevented. Theelaive pressures
betwveen suply andexhaust air systems should be such thate#aust air
system operates at@anler pressure than the supgystem.

5.5. Additional system components

5.5.1. A schematicdiagram of the a i aw [for a typical systemseving a
low relaive humidity suite is representedn Figure 13. Air can be dried
with achemicaldrier (e.g.arotatingdesiccantvheelwhich is continuougy
regeneratedy meansof passinghot air throughonesegmentof the wheel).
Alternaive methods of ing air are alsavailable.
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820 Figure B. Air-handling system witlshemical dying
821
CHEMICAL DRIER UNIT
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824 5.5.2. They g uillustratesthe chemicaldrier handling pat of the fresh
825 air/retun air mixture on a bypasspow. The location of the chemicaldrier
826 should be consideredin. the design phase. Thepractice of locating the
827 completechemicaldrier unit in the productioncubicleis not recommended
828 asthiscouldbeasourceof contaminatioror crosscontaminationExamples
829 of appropriate locations for theying wheel could include:

830

831 0 f u lov of fpesh/retun air;

832 0 patial handling of fresh/retmn airy p as sw);ai r p
833 J retun air ony;

834 0 fresh air oty; or

g%g 0 pre-cooled air with ay of the alove altenaives.

837 5.5.3. Possble additionalcomponentshat may be requiredin air handling
838 should be considered depending on the climatic conditions and locations.
839 These may include items such as:

840

841 frost coils on fresh air inlets wery cold climates t@reheat the air;
842 reheaters for humidity control

843 automatic aivolume control evices

844 sound attenuators
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845 snow eliminators to prevert snow enterirg air inlets and
846 b ockion airp
847 dust eliminators on air inlets in arid and dustyations
848 moisture eliminators in humid areas with high falh
849 fresh air precooling coils farery hot or humid climates.
850 Air-handling units should be providevith adequatedrains to remove
851 condensate.
852
853
854 6. PROTECTION
855

ggg 6.1. Products and personnel

858 6.1.1. Areasforthemanuactureof phamaceuticalsiwherephamaceutical
859 stating materials and products, utensils, pniynpacking materials and

860 equipment arexposedtother i r onment , 'should be
gg% areaso, Acl ean zones o, fcontroll ed

863 6.1.2. The achievement of a particular clean area condition depends on a
864 number of criteria~that should be
865 stages. A suitable balance between the different criteria will be required in

ggg order to creaftrea.an efycient <cl ean

868 6.1.3. Some of the basic criteria to be considered which affects room
869 cleanliness should include:

870

870 Abuilding ynishes and structure
872 A dust control and containment

873 Aair yjltration

874 A air change rate or pushing rate
875 A air flow pattern

876 A recoverycapability,

877 A roompressure

878 Al ocation of air terminals and dir
879 A temperaturg

880 A relative humidity

881 A materiial pow

882 Apersonnpel pow

883 A gowning procedures

884 A equipment movement

885 A process being carried out (open or closed system)

886 A outside air conditions

887 A occupancy

888 A type of poduct

889 A cleaning standard operating procedures (SOPS).
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6.14. Air yltration and air change r a
d e y moerdconditiors areattained.

6.1.5. The air change rates should be determined by the manufacturer and
designer, taking into account the various critical paramateng a risk

based approach with due consideration of capital and running costs and
energy usage. Primarily the air change rate should be set to a level that will
achieve the requiregbom condition.

6.1.6. Air change rates are normally determined by the following
considerations (could normalgry betveenl0and20air changeper
hour):

7 area condition required: whether a s p e crogmccleanliness
condition isin fact required and whetherthe room condition is
ratedfor an i a t resto condition or an
change rate should be selected on need rather than trgdition)

the product characteristics (e.g. odolggroscopiciy, etc);

the quality andyayl tration of th
paticulates generatddy the mantacturing process

paticulates generatedy the operators

conyguration of [|yahdextractocatonsa nd a i
sufyci en eve@ntainmeéntdéecandidlushthe area
sufycient rair to cppe with the
sufycient eatiagtrattso bal ance
sufycient air to maintain the r

E R

6.1.7. If acleanroomc | a s s i iyscpae d, tbgmaamdacturershould
statef the classifications rated for thefi absu i (Figurel4),i arte $Figure
15 or A o pkRgurelb)conditians.0 (

6.1.8. Roomc | a s s i tgstsia thafasinuiltdo conditionshouldbe
caried outonthebareroom,in theabsencef any equipmenif feasible
Due to equipment size the rooms are constructed around the equipment and
therefore the equi pbnueinltt o sc o nndciltuidoen

6.1.9. Roomc | a s s itestsiretheii artre sanditionshouldbecaried
outwith theequipmenbperatingvhererelevant,butwithoutany operators.
Becausef theamountof dustusualy generatedn a solid dosagdacility,

the clean arvwa ldl desiryd &6lit drog o n thiet
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932 6.1.10Room cl| ase®isysatinomhe fAoperati on
933 normaly caried outduringthe normal productionprocesswith equipment

934 operating and the mmal number of personnel present in the rodhen

935 qualifying for the operational condition details of the process operating,

936 number and positions of staff should be stipulated for each room, to enable
937 future qualifications to duplicate the same conditions.

938

939 6.1.11.Room recovery tests are performed to deiee whether the

940 installation is capable of returning to a specified cleanliness, level

941 temperature, humidity, microbial limits, room pressure, etc. where

942 appropriate, withira finite time This test is carried owtfterthe-above

943 room condition$ave reached an OOS state after the HVAC system has
944  been switched oflRoom recovery tests should demonstratedaictionin

945 particle concentration by a factor of 100 within the prescribed time (as per
946 I1SO 146443 clause B.12) (3). The guidance time petfior recovery is

947 about 15 to 20 minutes.

948

949 In some instances it is not possible to increas@dinicle concentration by
950 a factor of 100 (such as for an ISO 14644 Class 8 condition) as the high
951 particle concentration can damage the particle countehidinstance the
952 particle decay method can be used as per ISO 13@fuse B.12.3.2.

953 Risk assessments should be carried out to determine which rooms should
954  be subject twecoverytests.Recoverytests are also required to determine
955 how long it takes fospecified conditions to be achieved after power

956 failure or system start up.

957

958 6.1.12.Materials and products should be protectedfrom contamination
959 andcrosscontaminatiorduring all stagesof mandacture(seealsosection

888 6.5 for crosscontamination control).

962 Note: contaminantsnayresultfrominappropriate premisege.g. poordesign,
963 layoutory n i s Ipdonciggningprocedues,contaminantdrought inby
964 personnel poormanufacturingprocessanda poor HVAC system.

965

966
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Figue15.i Art e sandition
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Figuel6.f Op e r acondbiana | O

6.1.13.Airborne contaminants should be controlled throudfeatve
ventilation and yltration.

6.1.14.Externd contaminants should be removed by effeciive t na@ft i o
the suppy air.

6.1.15.Airborne “ paticulates and the agr e e of yltratio
considered critical parameters with reference to #wellof product
protection required.

6.1.16.nternd contaminard shoutl be controlled by dilution and
b u‘s dnaf oontaminarg in the room, or by displacemena i aw [{see
Figures 10, 17 and 21 for examples of method for the p u s dr of n
airbarne contaminants)

6.1.17.Thelevel of protectionandair cleanlinesdor differentareasshould
be detemined according to the product being mi@auturel, the process
being usednd the produd@ susceptibility to egradation Table 3).
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6.2. Ai r vy | dnd ar pattens

Note: The degree to which air is y | rédelays an importantrole in the
prevention of contamination and the cositof aosscontamination.

6.2.1. Thetype of filters required for differert apdicationsdepend on
the qudity of the ambient air and the return air (where apgicable) and
also on the air change rates. Table 4 gives the recommende filtration
levelsfor differert levels of protedionin aphamaceuicad facility.
Manufacturesshoulddetermineand prove the appropiate use of
fiters

6.2.2. Filter classeshouldaways be linked to the standardestmethod
becauserefe i ng t o actual érytmisikeadiagi(asci enc
different test methods each result in fhedentefficiencyvalue for the

same vyl trrmgtgy.l c(eRaesfse suchasanB856oy b brafe m

y | @renotvalidc | a s s i gndshouldnot besisad, asthis canleadto
theincor ect y Il t er Dbletherly 779 and ENalB82R ES@. On
29463classycations,or ASHRAE Merv classificationgs pefTablesl and

2, should be used.)
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Table2. Comparison of filter testandards

Eurovent 4/5 Elo i
Eurovent 4/5| ASHRAE HEnlRNE ASIl—llllgAE
; 52.1 EN 779 & EN 1822
rating 52.2 BS6540 Part 52.1
1 BS6540
Part 1 @
({e)
>
Average Average MPPS integral N
Merv dust spot . O
(supersededl : arrestance e overall EN rating D)
rating Am (%) efficiency efficiency (%) =
Em (%) y
99.999995 u17 75E
99.99995 Ul6 o 65E
EU 14 99.9995 Ui15 L 55E
EU 13 Merv 18 99.995 H14 ﬁ 45E
EU 12 Merv 17 99.95 H13 x 35E
EU 11 99.5 E12 E 25E
EU 10 95 E1l 15E
EU 9 Merv 16 >95 85 E10
EU 9 Merv 15 95 F9
EU 8 Merv 14 90 F8
Merv 13 >98 85 MPPS = F7
most
EUY >98 8 penetrating
EU 6 >95 70 M6
Merv 11 >05 65
>95 60
Merv 10 >95 55
EU5 Merv.-9 >95 50 M5 ~
Merv 8 >95 45 b
>95 40 o
Merv 7 >90 35 N
EU 4 ~90 30 G4 &
Merv 6 90 25
EU 3 Merv 5 85 20 G3
80 <20
Merv 4 75
EU 2 Merv 3 70 G2
Merv 2 65
EU 1 Merv 1 <65 Gl

Note:They | tlears s i yrefesredtio aeboverelateto the

EN 1822:2009nd EN779: 2AL2 teststandads (EN 779relatestoy | t e r
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classesG1 to F9 and EN 1822relatestoy | tlassesE10to U17).

Most penetrating grticle size (MPPS)is a means of determining HEPA
andultra low penetration ai(ULPA filter efficiencies The MPPS is the
particle size with the highest penetration fardefined filter medium.
(MPPS ntegral overall efficiency ighe efficiency, averaged over the
whole superficial face area of a filter element under a given operating
conditions of the filter. MPPS local efficiency is the efficiency, at a specific
point of the filter element under given operating conditions of ittes)f
Note: ULPA filters are not applicable to pharmaceutical installations.

6.2.3. In selectingy | t e r s , facturereshouhdsdwe wwonsidereather
factors, such as p&ulady contaminated ambient conditions, local
regul at i ons pradud reqipments.yGood pré t r extendso n
the life of the morexpensve vy | dwestream. d

6.2.4. Filters have an ipact on the cleanroom class evélof
protection. The different levels ofgtection and recommended filters
grades are given in Tabl8sand4 below.

Table 3. Examples ofdvels of potection (based on ISPE oral solid dges
(OSD) guideline criteria)

Level Condition  [Example of area

Level 1 General Area with nomal housekeepingnd
maintenance whe thee is no potentialor
productcontamination, e.gvarehousing.

Level 2 Protected  |Area in whichstepsare taken to mtect
the phamaceuticalstating material or
productfrom drector indirect
contamination odegradationg.g.
secondey packing,warehousingyrst
stagechangeooms.
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Level 3 Contolled |Area in whichs p e cehvijoomental

conditionsare d e yanwmltkd and
monitared to prevent contamination or
degradatiorof the phamaceuticabktating
material or poduct, e.g.where product,
stating materials andomponentsre
exposedo theroom envionment; plus
equipmentwashandstorageareas for
equipmentproduct contactparts.

L evel of protection

Recommended yltratio

Level 1

Primayylters only (e.gEN7 79 G4 vyl

Level 2 Protectedareasoperatingon recirculated or full
fresh air
Primary plussecondsy ylters (e.gEN 779 G4
plus F8 ar F9ylters)

Level 3 Productionfacility operatingon recirculated

plus ambientair, whae potentiafor cross
contaminatiorexists: Primay plussecondey
plustertiary y | t eEN 879 Gdeplug8 plus
EN1822 H13 vyl feshairssysterq,f
without recirculation,G4 andF8or F9ylters ae

acceptable)

6.25. Di r e c t iowwithih proauctiorpor primay packing areas
shouldassistin preventingc o nt a mi n aws shoutdbe plannedifp
conjunctionwith operatoilocations soasto minimizecontaminatiorof the
productby theoperatoandalsoto protecttheoperatofrom dustinhalation.

An example of flushing effect with turbulent airflow and low level extract

is indicated in Figurd.7 below.

1063 6.2.6. At airlocks and change rooms supply air and extract air terminals
1064  should begpositioned such that air flows from the clean side of the room to
1065 the less clean side, to enhance the separation between the two adjoining

1066 rooms.

y
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Figure 17. Turbulent dilution of dity air

Low-level extracis idealfor dustsuppessionpurposesputis not
essentialvhere no dust is liberatedLow-level extracts essential for
GradeC classifiedareasi for information only)

6.2.7. Suppyairdiffusersshouldoeselectedvith caretakingconsideration
of, e.g. room requirements and positionggfiipment and operators in the
room. Supfy air diffusersof the high induction type (e.g. those typigal
usedfor o f ytgpe air-conditioning) shouldwhere possble not be used

in cleanareaswheredustis liberated. Airdiffusersshouldbe of the non
induction type, introducing air with the least amount of induction so as to
max i mi z e tflea. Inpoorsskherathe pmcess results in high
dust liberation; perforatedplatesor low induction swirl diffuserswith
low level extract or retun shouldbe used (to contain the dust at toedr
level of the room) (seBigures18i 20 for illustrations of the three types of
diffuser).Although ceiling returns are generally avoidedasesvheredust
liberationis low, ceiling return air grilles may beacceptéle.



