38. Staff who have been engaged in the processing of
animal tissue materials or of cultures of micro—organisms
other than those used in the current manufacturing
process should not enter sterile—product areas unless
rigorous and clearly '
defined entry procedures have been followed.

38. HYPHBOMENDBEITREL-EXE L, ARG
ERIZHUGEERVT, BE T, BAEISRESN-FIE
[CRDGVRYBEEREBICAZLTEGELELY,

39. High standards of personal hygiene and cleanliness are
essential. Personnel involved in the manufacture of sterile
preparations should be instructed to report any condition
which may cause the shedding of abnormal numbers or
types of contaminants; periodic health checks for such
conditions are desirable. Actions to be taken about
personnel who could be introducing undue
microbiologicalhazard should be decided by a designated
competent person.

39. EERITOVTIXEULVKEDHELFFENNUAT
H, RERGOREICEDOIEREIEEGHEA L
BEDEEMEOHREEET I 3TREENDOTHRE
FTAELIEESNGTNIEGESE; ZTDRITIREZRA
T AOICEHNGFIVIEITICENEELL BED
BEMZHNT—FEL 0T AREMDOHHEERIHL
THRHREFMIGITONTIE, RSN -EEEINRELG
lfh‘itﬂ:%f;ll\o

40. Wristwatches, make—up and jewellery should not be
worn in clean areas.

407; Pibsat. Lht, EF B IIFRRETRHEISE T TG
BIELY,

41, Changing and washing should follow a written
procedure designed to minimise contamination of clean
area clothing or carry-through of contaminants to the
clean areas. ~

A EERODZBRUVOFEENI. BERNODFLERH/E
295, BLE, FEREADFLYDEFELAHER/I
BRICT BEIZERLI-FIEEICHREL., BRELEZTNAIEES

LY,

42. The clothing and its quality should be appropriate for
the process and the grade of the working area. It should be
worn in such a way as to protect the product from
contamination.

42 FEREZTDERRETHIIELMEEREDIL—F
XL TEYITRIThIERSEND, RBADFLEHIET
BE5FEHETERLETNIELRSAL,

43 The description of clothing required for each grade is
given below:

(43 BT LU—FTERSNAEERIZDOVTLUTICE R

2o ‘

* Grade D: Hair and, where relevant, beard should be
covered.

A general protective suit and appropriate shoes or
overshoes should be worn. Appropriate measures should
be taken to avoid any contamination coming from outside
the clean area.

JL—KD: B2, %955 R EHVITEBLETNIE
EHIEL, —MRBVERER B GH LA —/—
2a—XEFEALGHTNIEEGLEN, FERENHLDTE
RERTH-HDOMEEELSEITNIEESI,

- Grade C: Hair and where relevant beard and moustache
should be covered. A single or two—piece trouser suit,
gathered at the wrists and with high neck and appropriate
shoes or overshoes should be worn. They should shed
virtually no fibres or particulate matter.

JL—RC: BEELFZHTHEREHUTRVOVITER
HRETNEGEEEN, DBE HNITY—E—XDEER
T, FEARDNTLT, N0 IDHD  BYEHELY
[FA—R—2 2 —XEJFALLZTAIEGLEN, Thi(d
MO EEERELENI S,
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- Grade A/B: Headgear should totally enclose hair and,
where

relevant, beard and moustache;
the

neck of the suit; a face mask should be worn to prevent
the

shedding of droplets. Appropriate sterilised, non—powdered
rubber or plastic gloves and sterilised or disinfected
footwear

should be worn. Trouser—legs should be tucked inside the
footwear and garment sleeves into the gloves. The
protective clothing should shed virtually no fibres or
particulate matter and retain particles shed by the body.

it should be tucked into

JL—FRA/B: EEMIXBEERUVZYETIEEICEHVIT
RUOWFEREICESEEDIC, TENEERDEDH
[CREICADESICLEITNIERESEWN, KBDRHEZR
L3 5-0DEEmIRIEERL. $ZEDOIFTIVENT A
RWFTTSRAFVIEDFR, ZLTRBESRWIESL-
BYEBERTEE ARVOBITBYMOFIZ, EEDH
FFROPIZANDIE, REKRITEENICHMECES
WHELEWEBIZ, AL SNEEEZNCHIENLD
THRITHIERSAL,

44. Outdoor clothing should not be brought into changing
rooms leading to grade B and C rooms. For every worker in
a grade A/B area, clean sterile (sterilised or adequately
sanitised) protective garments should be provided at each
work session. Gloves should be regularly disinfected during
operations. Masks and gloves should be changed at least
for every working session.

4. BRADOBERITIL—FBRUCHREIZELZELK
FIZITIHFBRAATIEASEWL, FL—FA/BORE D EE
BIZIE. BHRTEERED (RESN -, IWLMIBEYIEES
N BEXKZEEZ vy avEICRALAETNIEGSY
W FRIFFEDTTEHNISHE TSI E IRVEFRIT
RIER. fEEylar BT IIL,

45. Clean area clothing should be cleaned and handled in
such a way that it does not gather additional contaminants
which can later be shed. These operations should follow
written procedures. Separate laundry facilities for such
clothing are desirable. Inappropriate treatment of clothing
will damage fibres and may increase the risk of shedding of
particles.

45, EHREBOEEE TR THRESINSAIEEDH S5
FMBEERBSERVRIITHEL, MYRS &, HER
VZDHOEYFZNNEIXE SN I=FIBICHES &, EE
BORERIIDRBTITOICENEELL, EERDTE
PIRYRWN IS A—CF 5 X EQRHEDOURY
FEmEt 5,

PREMISES

2]

46. In clean areas, all exposed surfaces should be smooth,
impervious and unbroken in order to minimise the shedding
or accumulation of particles or micro—organisms and to
permit the repeated application of cleaning agents, and
disinfectants where used.

46. FRRFICH TS5 L TOBEHEREITNF. WEME
DFEERBDTEFERLEL, X, HSHZEYRLER
Lf(%ﬂﬁﬁ’)é%’%ﬂ%/ﬁfuaﬁ(ﬂ:(l,\%a)‘ct.th‘mi‘?:;
BIELY,

47. To reduce accumulation of dust and to facilitate
cleaning there should be nouncleanable recesses and a
minimum of projecting ledges, shelves, cupboards and
equipment. Doors should be designed to avoid those
uncleanable recesses; sliding doors may be undesirable for
this reason.

47 BOERZMLL, RRLEH<T S5, BRTSLELM
AERESSRITNITESR, X, Tk, Hl. B, RiEIE
RIMRELGITNIFLSEN, F7 (., EDRIGHSETE
BUOMAZEET ST HA LGN ELEN, COEH
Mo, BIEFERET D ELIFIFELILL,

48. False ceilings should be sealed to prevent
contamination from the space above
them.

48. RFDXRKE (VU IREH) (X L&A L DHERIGIED
=HFIELGIT ARG,

49. Pipes and ducts and other utilities should be instal|éd
so that they do not create recesses, unsealed openings
and surfaces which are difficult to clean.

49. ’A T B IMEDI—T 1) T4—ITM A&, IRE. F
REGREEECHEVRISRELATNIEESRN,
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50. Sinks and drains should be prohibited in grade A/B
areas used for aseptic manufacture. In other areas air
breaks should be fitted between the machine or sink and
the drains. Floor drains in lower grade clean rooms should
be fitted with traps or water seals to prevent backflow.

50. EEREEZITOYIL—RFA/BORE TIEH LR UHEEK
OIXELE, thOREBTHETH58(1L. HRLHAIRE
LHEKOLDBICERBEMEBERE TS L, Y
L—RFOREBOKRDHEKOILERBLEBDONSYTHB00
[FKHEHRET DL,

51. Changing rooms should be designed as airlocks and
lused to provide physical separation of the different stages
of changing and so minimise microbial and
parrticulatecontamination of protective clothing, They
should be flushed effectively with filtered air. The final
stage of the changing room should, in the at-rest state,
be the same grade as the area into which it leads. The use
of separate changing rooms for entering and leaving clean
areas is sometimes desirable. In general hand washing
facilities should be provided only in the first stage of the
changing rooms.

51 BREQFIT7—OvVELTREISNTLRITRIEES
T, REX~NOERUVEICKDFLEHFLEDI-OERD
BREEC EITHEBRICR S LIRITNIEESEN, ThibDE
BlET/a—%BLEEREHRELTITVI VT T5HC
Lo BEREDHERBERMEIFERBORETINDOAE
TEHEREERLS L—RCRITNIEESE AEELBHET
ADEREETHENEELL BE. FORSRRKE
BERZDYNODEBEDOHIZRELGZTNITESLEL,

52. Both airlock doors should not be opened
simultaneously. An interlocking system ora visual and/or
audible warnign system should be operated to prevent the
opening of more than one door at a time.

52. T7—RvYIDF7IXmBIREFICRLTIZASELY,
BEFICI DU LD T DREKREN LT =011 2—0y
VAT LBWNMIRERN., RO/ RITFEE R REK
ERRATLERETH L,

53. A filtered air supply should maintain a positive pressure
‘[and an air flow relative to surrounding areas of a lower
grade under all operational conditions and should flush the
area effectively. Adjacent rooms of different grades should
have a pressure differential of 10-15 pascals (guidance
values). Particular attention should be paid to the
protection of the zone of greatest risk, that is, the
immediate environment to which a product and cleaned
components which contact the product are exposed. The
various recommendations regarding air supplies and
pressure differentials may need to be modified where it
becomes

necessary to contain some materials, e.g. pathogenic,
highly toxic, radioactiveor live viral or bacterial materials or
products. Decontamination of facilities and treatment of air
leaving a clean area may be necessary for some
operations.

53. DI A—F#@BLI-EREEIRTHET, BEDS
L—FDEVREIZHL, BEFEREEL. BICERKRDOHRN
O LRAITONETNIEEST . ZFLTHREMBZREBDE S
IEANERESNZFNIEESE, (FEEER., FEROR
BEEDS, ) BELEZTL—FOERLIRERDEEIE
O— 15\ RAI(HAEVRETHD) THHZ &,
HSRRUVESEMANRET IS IRIRBOREICHE
MAEEFILSTE,

WEMEYE. S=EYE. REEME. £EO LR, ME
MEEFHRSEEICOWTIZIEROMEB. EEZH(COLTIE
BELIELGLIEENDETHD, FEICEIOTEESRD
BREFDTHEEROBRENVBETH S,

54. It should be demonstrated that air—flow patterns do not
present a contaminationrisk, e.g. care should be taken to
ensure that air flows do not distribute particles from a
particlegenerating person, operation or machine to a zone
of higher product risk.

54, T7 70— /IN3—U QB EDYARIEEATIVEIN &

|ERICE-—RETHERA. X BB NoEZHR

BRIRIDENMIOREICHEEBLENRR/ AP—2TH
BIEEREELE T NIEAEDAL,

55. A warning system should be provided to indicate failure
in the air supply. Indicators of pressure differences should
be fitted between areas where these differences are
important. These pressure differences should be recorded
regularly or otherwise documented.

55. ERDMBICEEEZE-LE-ESOERATLESR
BETddé, EREEENEELEMICIIEESERET
AL, CNODEREIFTEHMICEERT 2N DAET
XELETDHILE,

EQUIPMENT

&

%{S
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56. A conveyor belt should not pass through a partition
between a grade A or B area and a processing area of

lower air cleanliness, unless the belt itself is continually
sterilised (e.g. in a sterilising tunnel).

56. AVARTAN)LMME, HERBEZEENEFINTHEWE

UR 71/—I~A0)Eiattbl/——l~8&0%ihu?0>7b —k®D
%%%@Fam{i’cﬂUéaﬁbfl:ﬁ&bm\o (5], b2l

i )

57. As far as practicable equipment, fittings and services
should be designed and installed so that operations,
maintenance and repairs can be carried out outside

the clean area. If sterilisation is required, it should be
carried out, wherever possible, after complete reassembly.

57. 5% lE. =&Y, ROMTHERIEIE. AIREARRY R, #

?%ﬂﬁ:ig {FEE%E/El%[ﬁ'ﬂ‘b‘bf%%ckjnﬂn‘l'bs DQ%

THIE, ETNLDORENDEGGESE. TLRICHAI
THETLTHBITSZE,

58. When equipment maintenance has been carried out
within the clean area, the area should be cleaned,
disinfected and/or sterilised where appropriate, before
processing recommences if the required standards of
cleanliness and/or asepsis have not been maintained
during the work.

58. RIFDMFEBEREFFXANTERL, TDHEE
RICHBRREDOFEFERLELTHIFTTERG S, BliEE
%’Eﬁﬁﬁ?‘éﬁﬁ(; WRRIZISCTER. HE. RESEY

Pl
<

1To-

59. Water treatment plants and distribution systems should
be designed, constructed and maintained so as to ensure a
reliable source of water of an appropriate quality. They
should not be operated beyond their designed capacity.
Water for injections should be produced, stored and
distributed in a

manner which prevents microbial growth, for example by
constant circulation at a temperature above 70° C.

59. KEER VB AT LITEDNEREDKDIETET
ELHIGFEEL THEYNCERS SN, FEEINETNIE
BB, VAT LIXERETRE N EHZ TEELARNN &,
ESRAKDOEE., BT, BBEDRIL, FIZIE70EEEBX
HERETEBRERIIZFEDHEICLY. MEYDOEEEN
LA TFNIEESEL,

60. All equipment such as sterilisers, air handling and
filtration systems, air vent and gas filters, water treatment,
generation, storage and distribution systems should be
subject to validation and planned maintenance; their return
to use

should be approved.

60. B ER . ZEFAR{E. BBERE. ERDORULI L
A= HRITqILE— KR BE - IR S Bk R, S0
TOHREIEN)TF—ar RUSEMEFSEONRET
52&, BE-EBRILD) EEFERAANDERIIREEE
HIThIEEsiiy,

SANITATION

HE

61. The sanitation of clean areas is particularly important.
They should be cleaned thoroughly in accordance with a
written programme. Where disinfectants are used, more
than one type should be employed. Monitoring should be
undertaken regularly in order to detect the development of
resistant strains.

61. FRREDHEBIIRHAEETHY, XELIhi=T
OJSAIZH#>TITSCS HERZERTIIEEIL2E
BLUEERTAZE, ﬂﬁﬂi@m%ié#ﬁ&a‘éf:&x TE &
MIZEZRYDTETICE,

62. Disinfectants and detergents should be monitored for
microbial contamination; dilutions should be kept in
previously cleaned containers and should only be stored
for defined periods unless sterilised. Disinfectants and
detergents used

in Grades A and B areas should be sterile prior to use.

62. HEFIRVERIZDOLWTE DB LICET2E=4Y Y
JETITE FRLELDIEFTHESHICLE=-BHR/AIZI
ML RBELGZWMEEIERESN-HIERROREICRET
5Z¢, JU—FARUBDREBATERTZHEEZIRV
ERIIERFICITERE THAIE,

63. Fumigation of clean areas may be useful for reducing
microbiological
contamination in inaccessible places.

63. FHREDEERIIFORMNGEVES OMEMFTERE
BREEADIZHEATHSD,
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PROCESSING

I

64. Precautions to minimise contaminatiqn should be taken
during all processing stages including the stages before
sterilisation.

64. RERIDBREZEHTETOERREZBLTERE
=/MRICTHEREZEILIE,

65. Preparations of microbiological origin should not be
made or filled in areas used for the processing of other
medicinal products; however, vaccines of deadorganisms or
of bacterial extracts may be filled, after inactivation, in the
same :

premises as other sterile medicinal products.

65. MEYHREDEFIOEERZOEEICHERT IR
B TEESWNMIFTETATITHENIE, f7ZL., BRL-H
EPONOTITOMBYHEL. FFELE-RTHNIE
DEAEEREFCHERATIETCALTEELL,

66. Validation of aseptic processing should include a
process simulation test using a nutrient medium (media
fill).Selection of the nutrient medium should be made based
on dosage form of the product and selectivity, clarity,
concentration and

suitability for sterilisation of the nutrient medium.

66. BMEDIIED/N\)T—avIZ(IExEEMEFERL:

TOERLZAL—2arTRAMN BT TA)ZEHDIE,

B ORIRIE R OFIR ., B ORRE FEE. RE.
EUBEOESHEEEBL TS,

67. The process simulation test should imitate as closely
as possible the routine aseptic manufacturing process and
include all the critical subsequent manufacturing steps. It
should also take into account various interventions

known to occur during normal production as well as worst—
case situations.

67. 7OERLAIL—Iav I AFASOEEDERSE
TIIRRICTESLITHEUSE. ZLT. ZDRDEE IR
2TEDHBHE, Ff-. T—AMT—RADHELT BED
EEBICERIYBIHRALGEBEONAIZOVNTERELY
[FhlEisrisiny,

68. Process simulation tests should be performed as initial
validation with threeconsecutive satisfactory simulation
tests per shift and repeated at defined intervals and after
any significant modification to the HVAC—system,
equipment,

process and number of shifts. Normally process simulation
tests should berepeated twice a year per shift and
process.

68 M FETAIFUZERD T ELLEERBRORED

JhEICERLTHYIL-30VREERL. ZORFATESN
=Rk, RUOZERAS AT A, &R, TR DIMIFDEE
BEELNHDIEIRYERT L, BE.BHMETAEIT
e IREES[CHF2ERERT HE,

69. The number of containers used for media fills should be
sufficient to enable avalid evaluation. For small batches,
the number of containers for media fills should at least
equal the size of the product batch. The target should be
zero

growth and the following should apply:

69. TR CATHAMIFELIFMEITODICHERTHTH
BlE, NYFHAXMNNSHERZBIZDOWTIK, TTAR
BIIRIENNYFHAXERLTHBE,

g@i%wiﬁﬁﬁn’éﬁés ZLTUTOENEHSN

. When filling fewer than 5000 units, no contaminated units
should be detected. .

R TARENE000KREDHRILFREHNELT
ANV A A

* When filling 5,000 to 10,000 units:

- FETANNS5000£10000DRBDIES :

a) One (1) contaminated unit should result in an
investigation,
including consideration of a repeat media fill;

a)—BaHENERINTWEGE, BRAHZTL. BHFETA
ERYRIEEZERET DL
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b) Two (2) contaminated units are considered cause for
revalidation, following investigation.

b) —BHEMNFRINTOIGE . RAZIT o1& E/NY
T—2avETS

* When filling more than 10,000 units:

*10000KZBAHIGE:

a) One (1) contaminated unit should result in an
investigation;

a)—BEBRMNERSN TV LRAZITD

b) Two (2) contaminated units are considered cause for
revalidation, following investigation.1

b ZBBENFLIN TNV -0EHDEEN\)T—avE

Pt

172

70. For any run size, intermittent incidents of microbial
contamination may be indicative of low—level contamination
that should be investigated. Investigation of gross failures
should include the potential impact on the sterility
assurance of batches manufactured since the last
successful media fill.

70. WOVED T TAERBTH->TH. MEWSF LA B
[CHRETIEEIEERHTREBLRILTDFTELRHDHE
#RLTWS, REMFLEARELGSICE, GIEIE
B THO-EMTETAURICEE L/ \YFIZTDONT &
BHERIEANDEZEANDERETHREFNIEESMELY,

71. Care should be taken that any validation does not
compromise the processes.

N T—2a N IRICEZEZREFSHVEITET
do&,

72. Water sources, water treatment equipment and treated
water should be monitored regularly for chemical and
biological contamination and, as appropriate, for
endotoxins. Records should be maintained of the results of
the monitoring and of any action taken.

72. KR, KLERER K . RULEBINfKITIEER., 4
MEH, F-ZETIEEEIURMUOBRICDN
TEHMIZE=RITLETNIEGLEN, E=2YL T
DFERRV. FAoADREZIToIIGEIFRFEEMOET
LIS~V A AR

73. Activities in clean areas and especially when aseptic
operations are in progress should be kept to a minimum
and movement of personnel should be controlled and
methodical, to avoid excessive shedding of particles and
organisms due to

over—vigorous activity. The ambient temperature and
humidity should not be uncomfortably high because of the
nature of the garments worn.

73 B ARBICEO T, BICERBREZIT O TULBEIEST
HIFRNRICHEZ DL FEE DL, BEIGELMY
EYOMBERSIET5-HOMFIL. FIBIZHKSZE, EH
LTWBEEXRDIFEICKY (BENOTLVOT)ERDR
ELBEITRABIFEEGENESCTEIE,

74. Microbiological contamination of starting materials
should be minimal. Specifications should include
requirements for microbiological quality when the need for
this has been indicated by monitoring.

74. HEREOMEMBTLER/NNRETEHIE, T2V
FIZEYMEDDOBREOLEENTREINIEETERE
BOBBIZEDBIL,

75. Containers and materials liable to generate fibres
should be minimised in clean areas.

75 MR ERET AU DD LEER N IH B LS S
RECEE/NBELAFNIEAESE,

76. Where appropriate, measures should be taken to
minimise the particulatecontamination of the end product.

76. ZAT DS A [IRBERDEIZLLDFRE~DI X
REELRNITESRIELN,

77. Components, containers and equipment should be
handled after the final cleaning process in such a way that
they are not recontaminated.

77. SHBEERGR (T Lk, FruT%H), Ber, R (E&
AR M) [(REFFEOREFBERINGOLIMYE
O NIEELEND,
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78. The interval between the washing and drying and the
sterilisation of components, containers and equipment as
well as between their sterilisation and use should be
minimised and subject to a time-limit appropriate to the
storage conditions. '

78. REEAE M, B, EBISOVWT, iR LRERE
OEREVEECEETOEREORRITIR/NRIZTS
EXIT REFHICHL TEYNZERE SN =R GIRIH
HIEFNIEEREN,

79. The time between the start of the preparation of a
solution and its sterilisation or filtration through a micro—
organism-retaining filter should be minimised. There should
be a set maximum permissible time for each product that
takes into account its composition and the prescribed
method of storage.

79. B DT HFAEH ORE IS BREE E TORHE
[FRNMRETDHIE EMBE LIS, RBEDHEHERESE
HEEBLERRFBRBEZRELETNITESA

80. The bioburden should be monitored before sterilisation.
There should be working limits on contamination
immediately before sterilisation, which are related to the
efficiency of the method to be used. Bioburden assay
should be performed on each batch for both aseptically
filled product and terminally sterilised products. Where
overkill sterilisation parameters are set for terminally
sterilised products, bioburden might be monitored only at
suitable scheduled intervals. For parametric release
systems, bioburden assay should beperformed on each
batch and considered as an in—process test. Where
appropriate the level of endotoxins should be monitored.
All solutions, in particular large volume infusion fluids,
should be passed through a microorganism—retaining filter,
if possible sited immediately before filling.

80. IMBRID/NAA/N—T > (FERDERHHR) £T=
A—452L, BEEMOERRICOVTIEREERTE
THIE BRITERTIREEDDEICIKET S,
NAFN—TFT o7/ I EE LR TEEINIHRIZD

W TH, BERREARIZOVTEERTAE, F—/A—

FIVHE/INTA—INBESNTOSRKBEERZIZ DL
Tlk N AFN—FUIFEI R ESh-BRTERELT
LR, NSANYIJ)—=ZAD I AT LIZHRLNTIE, /S
AFIN—TFT o7y IE2O0y MIDNVTERL, TEEE
RERELTEETHE ZBETHEEICIE,. TR
DLRIVEEZA—LEITNITESA,

STOER. BICKBEERFRZFTEDSEX, AIaEl
BERTCABRDMEICRESN-IREI(I/ILI—%@S
HiIThIEEsin,

81. Components, containers, equipment and any other
article required in a clean area where aseptic work takes
place should be sterilised and passed into the area through
double—ended sterilisers sealed into the wall, or by a
procedure which achieves the same objective of not
introducing contamination. Noncombustible gases should
be passed through micro—organism retentive filters.

81. MEREZEIET IRE THELBRROIH ., B3,
Rl FEICEEACRESN Y TR TOREETRE
L. BEEEEREICIHA TS, BIWNIRZEDFEHIE
BEFIEEZERLZTNIEGLE0D, TRESRIZBRE
T E—EBIEITIERESAEL,

82. The efficacy of any new procedure should be validated,
and the validation verified at scheduled intervals based on
performance history or when any significant change is
made in the process or equipment.

82. WHVEAFLWIRREZFOHMEICONT/N)FT—23y
FERELETNIEESEND, X BEDEBICEDINT,
BRESNT-RRBET. ZOMBEBRIELETNIEESL,
X, IERBWNIREICHABEGERENTONEICE.F
ENYT—2av%1752&,

STERILISATION

R
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=83. All sterilisation processes should be validated.
Particular attention should be given when the adopted
sterilisation method is not described in the current edition
of the European (or other relevant) Pharmacopoeia or
when it is

used for a product which is not a simple aqueous or oily
solution. Where possible, heat sterilisation is the method of
choice. In any case, the sterilisation process must be in
accordance with the marketing and manufacturing
authorisations.

83. ETHREIIRRICNT—2avEEmLEITNIELD
B, BHASNDHEELSEM (HHWIEEEET D) ERS
DERFIEH SN TOEWNMES P BHSN I G E
FAKBRINDIEHEERECHEWNS S XS IEEZET
5, AEELGEBIIMBBREZERT S MhDIGE

HIRE TRRIFEERFEAZRICKEDETNIELESEL,

84. Before any sterilisation process is adopted its
suitability for the product and its efficacy in achieving the
desired sterilising conditions in all parts of each type of
load to be processed should be demonstrated by physical
measurements and by biological indicators where
appropriate. The validity of the process should be verified
at scheduled intervals, at least annually, and whenever
significant

modifications have been made to the equipment. Records
should be kept of the results.

84. WHVEHREZEZERTAEE(ICHLTEH, BEER
[CELTWWAZLE, BET IR BRHEEDETOERSIC
BLT. REERNDETORA TRELTHREFHEE
BT 3-0DHMBEEZELTNDIEEYEMBIERU/ A
AAHNAD D —A—|Z kY RSB FNIEESEL, T
BOEIMEREFE—ROREL-MET, XEKEIZE
REGEBENTOHONEIRITRIELAITNIEESHL, R
DWVTERFRERILITNIEASEN,

85. For effective sterilisation the whole of the material
must be subjected to the required treatment and the
process should be designed to ensure that this is achieved.

85. AMMICME T 4. WHREMEARNBELGRMEIZES
SNBHE ELTIRENCDREERT HELIICERESN
TUWEFNIFGEDEL,

86. Validated loading patterns should be established for all
sterilisation processes. -

86. 2 COREALEICOV T/ F—Sau CRIESN T
AR L RIEALEL,

87. Biological indicators should be considered as an
additional method for monitoring the sterilisation.They
should be stored and used according to the manufacturer’'s
intstructions, and their quality checked by possitive
controls. If biological indicators are used, strict precautions
should be taken to avoid transferring microbial
contamination from them.

87. MEDE=RI T DADFERELT/NAAOTHILAL
DO —A%EETHE, FRODAEEBEDIETRIC
HOTHRE.FAL. BERBZRAVTEFALORES
9"1‘373—6;&
NAFOASHIAL S —a%FERT B EFAI DM
EMELERISHVIIBRELIEEZTHE,

88. There should be a clear means of differentiating
products which have not been sterilised from those which
have. Each basket, tray or other carrier of products or
components should be clearly labelled with the material
name, its batch

number and an indication of whether or not it has been
sterilised. Indicators such as autoclave tape may be used,
where appropriate, to indicate whether or not a batch (or
sub—batch) has passed through a sterilisation process, but
they do not give a reliable indication that the lot is, in fact,
sterile.
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89. Sterilization records should be available for each
sterilisation run. They should be approved as part of the
batch release procedure.

89. BBMAILEEICRBREHEINLTIIALEL, Fhbd
[F/ Ay TFOERTHED—EHELTRESING T IE LA
LY,

STERILIZATION BY HEAT
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90. Each heat sterilisation cycle should be recorded on a
time/temperature chart with a sufficiently large scale or by
other appropriate equipment with suitable accuracy and
precision. The position of the temperature probes used for
controlling and/or recording should have been determined
during the validation, and where applicable also checked
against a second independent temperature probe located
at the same position.

9. MBREDE YAV INEHR/BEFvyr—MMITELKRE
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91. Chemical or biological indicators may also be used, but
should not take the place of physical measurements.
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92. Sufficient time must be allowed for the whole of the
load to reach the required temperature before
measurement of the sterilising time—period is commenced.
This time must be determined for each type of load to be
processed.

92. REBE O AIZRT ARICHTEAIBELE
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93. After the high temperature phase of a heat sterilisation
cycle, precautions should be taken against contamination
of a sterilised load during cooling. Any cooling fluid or gas
in contact with the product should be sterilised unless it
can

be shown that any leaking container would not be approved
for use.
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MOIST HEAT

ImERE

94. Both temperature and pressure should be used to
monitor the process. Control instrumentation should
normally be independent of monitoring instrumentation and
recording charts. Where automated control and monitoring
systems are ,

used for these applications they should be validated to
ensure that critical process requirements are met. System
and cycle faults should be registered by the system and
observed by the operator. The reading of the independent
temperature indicator should be routinely checked against
the chart recorder during the sterilisation period. For
sterilisers fitted with a drain at the bottom of the chamber,
it may also be necessary to record the temperature at this
position, throughout the sterilisation period. There should
be frequent leak tests on the chamber when a vacuum
phase is part of the cycle.
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95. The items to be sterilised, other than products in
sealed containers, should be wrapped in a material which
allows removal of air and penetration of steam but

which prevents recontamination after sterilisation. All parts
of the load should be in contact with the sterilising agent
at the required temperature for the required time.
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96. Care should be taken to ensure that steam used for
sterilisation is of suitablequality and does not contain
additives at a level which could cause contamination of
product or equipment.

9. REICERI SAXITHENGRETHY . HAEHVIZ
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DRY HEAT
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97. The process used should include air circulation within
the chamber and the maintenance of a positive pressure to
prevent the entry of non—sterile air. Any air admitted
should be passed through a HEPA filter. Where this
process is also

intended to remove pyrogens, challenge tests using
endotoxins should be used as part of the validation.
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STERILISATION BY RADIATION

TSR R

98. Radiation sterilisation is used mainly for the
sterilisation of heat sensitive materials and products.

Many medicinal products and some packaging materials are
radiation—sensitive, so this method is permissible only
when the absence of deleterious effects on the product
has been confirmed experimentally.

Ultraviolet irradiation is not normally an acceptable method
of sterilisation.
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99. During the sterilisation procedure the radiation dose
should be measured. For-this purpose, dosimetry indicators
which are independent of dose rate should be used, giving
a quantitative measurement of the dose received by the
product itself. Dosimeters should be inserted in the load in
sufficient number and close enough together to ensure
that there is always a dosimeter in the irradiator.

Where plastic dosimeters are used they should be used
within the time—limit of their calibration. Dosimeter
absorbances should be read within a short perlod afterq
exposure to radiation.
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100. Biological indicators may be used as an additional

" |control
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101. Validation procedures should ensure that the effects
of variations in density of the packages are considered.

101. /N F—2a> DFIRIE, BEMBPOEEDEE D5
EBNBERINDCEEHRICLGTNITGELE,

102. Materials handling procedures should prevent mix—up
between irradiated and nonirradiated materials. Radiation
sensitive colour disks should also be used on each package
to differentiate between packages which have been
subjected to irradiation and those which have not.

102. FREYERY O FIRE ., BERTEFADED DR
REMILTHES2HoTNBIE, BEATEEHDEDE
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103. The total radiation dose should be administered within
a predetermined time
span.

103. #8H8 \ﬁﬁig’é%&)&w)bh#ﬁ?sﬂ’”ml-?x%?‘é;

o

STERILISATION WITH ETHYLENE OXIDE
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104. This method should only be used when no other
method is practicable. During process validation it should
be shown that there is no damaging effect on the product
and that the conditions and time allowed for degassing are
such as to

reduce any residual gas and reaction products to defined
acceptable limits for the type of product or material.
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105. Direct contact between gas and microbial cells is
essential; precautions should be taken to avoid the
presence of organisms likely to be enclosed in material
such as crystals or dried protein. The nature and quantity
of packaging

materials can significantly affect the process.
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106. Before exposure to the gas, materials should be
brought into equilibrium with the humidity and temperature
required by the process. The time required for this should
be balanced against the opposing need to minimise the
time before

sterilisation.
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107. Each sterilisation cycle should be monitored with
suitable biological indicators, using the appropriate number
of test pieces distributed throughout the load. The
information so obtained should form part of the batch
record.
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108. For each sterilisation cycle, records should be made
of the time taken to complete the cycle, of the pressure,
temperature and humidity within the chamber during the
process and of the gas concentration and of the total
amount of gas used. The pressure and temperature should
be recorded throughout the cycle on a chart. The record(s)
should form part of the batch record.
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109. After sterilisation, the load should be stored in a
controlled manner under ventilated conditions to allow
residual gas and reaction products to reduce to the
defined level. This process should be validated.
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FILTRATION OF MEDICINAL PRODUCTS WHICH
CANNOT
BE STERILISED IN THEIR CONTAINER

BRICBTHRENATARGEERDSE

110. Filtration alone is not considered sufficient when
sterilisation in the final container is possible. With regard to
methods currently available, steam sterilisation is to-be
preferred. If the product cannot be sterilised in the final
container, solutions or liquids can be filtered through a
sterile filter of nominal pore size of 0.22 micron (or less), or
with at least equivalent micro—organism retaining
properties, into a previously sterilised container. Such
filters can remove most bacteria and moulds, but not all
viruses or mycoplasmas.

Consideration should be given to complementing the
filtration process with some degree of heat treatment.
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111. Due to the potential additional risks of the filtration
method as compared with other sterilisation processes, a
second filtration via a further sterilised microorganism
retaining filter, immediately prior to filling, may-be
advisable. The final sterile filtration should be carried out
as close as possible to the filling point.
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112. Flibre—shedding characteristics of filters should be
minimal.

11 ,2 T4 E—D o DB DFEEIIR/IBEELEITRIEA
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113. The integrity of the sterilised filter should be verified
before use and should be confirmed immediately after use
~ |by an appropriate method such as a bubble point, diffusive
flow or pressure hold test. The time taken to filter a known
volume of bulk solution and the pressure difference to be
used across the filter should be determined during
validation and any significant differences from this during
routine manufacturing should be noted and investigated.
Results of these checks should be included in the batch
record. The integrity of critical gas and air vent filters
should be confirmed after use. The integrity of other filters
should be confirmed at appropriate intervals.
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114. The same filter should not be used for more than one
working day unless such use has been validated.
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115. The filter should not affect the product by removal of
ingredients from it or by release of substances into it.
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FINISHING OF STERILE PRODUCTS

REEERORRKICIIE

116. Partially stoppered freeze drying vials should be
maintained under Grade A conditions at all times until the
stopper is fully inserted.
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117. Containers should be closed by appropriately
validated methods. Containers closed by fusion, e.g. glass
or plastic ampoules should be subject to 100% integrity
testing. Samples of other containers should be checked for
integrity according to appropriate procedures.
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118. The container closure system for aseptically filled
vials is not fully integral until the aluminium cap has been
crimped into place on the stoppered vial. Crimping of the
cap should therefore be performed as soon as possible
after stopper insertion.
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119. As the equipment used to crimp vial caps can
generate large quantities of nonviable particulates, the
equipment should be located at a separate station
equipped with adequate air extraction.

19 BEMOBIIKEDHKELZT HRFETHHDT, &
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120. Vial capping can be undertaken as an aseptic process
using sterilised caps or as a clean process outside the
aseptic core. Where this latter approach is adopted, vials
should be protected by Grade A conditions up to the point
of leaving the aseptic processing area, and thereafter .
stoppered vials should be protected with a Grade A air
supply until the cap has been crimped.
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121. Vials with missing or displaced stoppers should be
rejected prior to capping.

Where human intervention is required at the capping
station, appropriate technology should be used to prevent
direct contact with the vials and to minimise microbial
contamination.
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122. Restricted access barriers and isolators may be
beneficial in assuring the required conditions and
minimising direct human interventions into the capping
operation.
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123. Containers sealed under vacuum should be tested for
maintenance of that vacuum after an appropriate, pre—
determined period.
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124. Filled containers of parenteral products should be
inspected individually for extraneous contamination or
other defects. When inspection is done visually, it should
be done under suitable and controlled conditions of
illumination and background. Operators doing the
inspection should pass regular eye—sight checks, with
spectacles if worn, and be allowed frequent breaks from
inspection. Where other methods of inspection are used,
the process should be validated and the performance of
the equipment checked at intervals. Results

should be recorded.
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QUALITY CONTROL

125. The sterility test applied to the finished product
should only be regarded as the last in a series of control
measures by which sterility is assured. The test should be
validated for the product(s) concerned.
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126. In those cases where parametric release has been
authorised, special attention should be paid to the
validation and the monitoring of the entire manufacturing
process.
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127. Samples taken for sterility testing should be
representative of the whole of the batch, but should in
particular include samples taken from parts of the batch
considered to be most at risk of contamination, e.g.:
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a) for products which have been filled aseptically, samples
should include containers filled at the beginning and end of
the batch and after any significant intervention;
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b) for products which have been heat sterilised in their b %%@5@%1?5[:3:6%5‘:lifﬁ%*ﬁél:?&“ﬂéht@@@
final containers, consideration should be given to taking D, REBEEDBEWNEEDOhAHBENMN YT ILERER
samples from the potentially coolest part of the load. | BAEEEET BRI,
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Particle and microbial airborne

dispersion from people

W Whyte and M Hejab
University of Glasgow, Glasgow, Scotland, UK.

The airborne dispersion of particles from 55 people (30 females and 25 males) was measured. The
dispersion per minute of microbe carrying particles (MCPs) averaged 2,400 when wearing personal
indoor clothing, and 177 when wearing cleanroom garments. One exceptional person, whose
dispersal rates were not included in these results, dispersed 11,000 per minute when wearing
cleanroom garments. The dispersion rate of particles >5um per minute averaged 332,000 when
wearing indoor clothing, and 37,300 when wearing cleanroom garments. The dispersion rate of
particles >0.5um per minute averaged 2,130,000 when wearing indoor clothing, and 1,020,000 when
wearing cleanroom garments. The dispersion rates for particles and MCPs were higher in males than
females. Depending on the method used, the average equivalent particle diameter of the MCPs was
9um or 18um. , ;

There was no situation where the-dispersion of MCPs was not accompanied by substantial
numbers of both >0.5um and >5.0pm airborne particles, and there appears to be little advantage in
measuring particles >5.0um when using airborne particle counting to indirectly monitor the
dispersion of MCPs. When wearing cleanroom garments, the ratio of >0.5pm particles to MCPs was

found to average 5,800:1, and for >5.0um particles it was 210:1.

Key words: Particle; microbial, airborne, dispersion, people

Introduction

Microbes in cleanroom air are almost exclusively derived from
personnel within the room. People shed one outermost layer of
epithelial cells every 24 hours, this amounting to about 10°
cells per day!. Skin cells are approximately 33pm x 44pm in
surface area and about 3 to Spum thick, and may be found in the
environment either as whole cells or fragments, the median
size across the surface being about 20pm, with 7-10% less
than 10pm!. Micro-organisms grow on the cells and glands of
the skin and are dispersed into the air on skin detritus. These
particles are therefore often called microbe carrying particles
(MCPs). MCPs will vary in size, shape, and density, and it is
conventional to consider the size of particles in terms of
equivalent particle diameter, which is the size of a sphere of
unit density that has the same aerodynamic properties as the
particle being considered. It therefore follows that a skin cell,
which has a surface diameter of about 20pum but a thickness of
3 to 5um is likely to have an equivalent particle diameter
below 20u. Noble, Lidwell and Kingston?, and Whyte?, have
investigated the equivalent particle diameter of MCPs
dispersed from people, and Whyte, Green and Albisu* have
compiled these results and reported that the average size is
about 12um, with 1% below lpm, 25% below 7um, 25%
above 24um, and 5% above 50pm. This size distribution

Corresponding author: W Whyte, James Watt Building South, University
of Glasgow, Glasgow, G12 8QQ, UK. Telephone: 0141 330 3699;
Fax: 0141 330 3501; Email: w.whyte@mech.gla.ac.uk
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shows that if non viable particles 20.5um were sampled by use
of a particle counter then 100% of MCPs would be counted
and, if particles 25.0um were sampled, it can be calculated
using the method given in Whyte, Green and Albisu’s paper
that about 83% of the MCPs would be counted.

MCPs and inert particles are kept at a low concentration in
cleanroom air. This is done by supplying HEPA filtered air
and by minimising the dispersion from people by use of
occlusive clothing. From a knowledge of the dispersion rate
of MCPs and particles, as well as the air supply to a room, the
likely airborne concentration in a cleanroom can be
calculated, this method being described by Whyte’, and
Ljungqvist and Reinmiiller®.

The reduction of the dispersion of MCPs by cleanroom
garments has been reported by Whyte and Bailey’, who have
also reported on the reduction of the dispersion of particles®.
Reinmiiller and Ljungqvist® have also published information
on this topic. However, these and similar dispersion studies
have been carried out on one person, or on small groups of
people. Additional information is required to establish the
rates of dispersal of MCPs and total particles by the normal
population, and on the ratio of total particles to MCPs, and
differences in dispersion rates between males and females.

Annex 1 (2003) of the European Commission Guide to
Good Manufacturing Practice (EC GGMP)'? gives information
on concentrations of airborne particles and microbes that
should not be exceeded in cleanrooms where sterile
pharmaceutical products are manufactured. Airborne MCPs
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must be controlled in cleanrooms, or they may deposit into
pharmaceutical products. However, the requirement for
controlling inert airborne particles is less clear. Although
an occasional inert particle will deposit from the air into
containers, the particle deposition into containers has been
studied in several pharmaceutical manufacturing
cleanrooms, and shown to be insignificant with respect to
the regulatory limits set'’> 12, and unlikely to harm patients
who receive the product!®. Particles found in containers
after manufacture do not come from air but from
containers and stoppers!!. It is even less clear why airborne
particles >5um should be measured in pharmaceutical
cleanrooms, especially as their concentration is so low as
to be below accurate and reliable measurement. The FDA
Guidance (2004)* does not have such a requirement.
Informal discussions with the European Medicines Agency
have suggested that they consider that because particles
=5um are closer in size to MCPs than 20.5um particles,
they need to be monitored. It has also been suggested that
particles =5pum can be found with no accompanying
particles 20.5um, and therefore need to be independently
counted. These suggestions require investigation.

Measurement of particle and microbial
dispersion from people

The measurement of airborne particles and microbe
carrying particles was carried out in a dispersal chamber.
This is the same design as was used in a series of studies
starting in 1976'. It has the advantage over previous
designs as the airborne dispersion rate, i.e. number per
minute, can be measured.

Description of dispersal chamber

The dispersal chamber where a person exercised is shown
in Figure 1. It was 0.68m x 0.52m x 2m high and was made
of metal frame covered with clear plastic sheet. Air was
supplied at the top of the chamber and passed through a
HEPA filter (a) into the chamber. Air was normally
supplied at just over 700L/min, and balanced by the
removal of air by a high-volume bacterial sampler (Casella
slit sampler) operating at 700L/min, and an airborne
particle counter operating at 2.83L/min, at sampling port
(c). A slight positive pressure was maintained inside the
chamber to ensure that no contamination entered the
chamber from outside. This outward flow was checked by
an anemometer at the exhaust ports (d).

Personnel tested and clothing worn

Testing was carried out on 55 people (30 females and 25
males). All of the females worked within a cleanroom of a
pharmaceutical manufacturing company. So did the

majority of men, but to make the numbers more even,

some male technicians from Glasgow University were
tested. Each subject was tested while wearing the
following two types of clothing:

1  Personal indoor clothing: Trousers were worn by all
subjects except 6 females, who wore skirts. A blouse,
shirt, or T shirt was also worn, and clean plastic
overshoes were worn over shoes.
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Figure 1. Dispersal chamber.
2 Cleanroom garments, manufactured from woven
polyester fabric, were worn on top of the person’s
indoor clothing. It has been shown that the dispersion
rate is dependant on whether the cleanroom clothing
is new, or washed and sterilised9. The garments were
supplied by the pharmaceutical company and it was
not clear how often they had been worn. It was certain
that none of the garments were new, and the average
use was much greater than 50 times. The polyester
fabric was tested for pore diameter according to the
method laid down in the IEST Recommended
Practice 003.3'. This test is a good indicator of the
filtration and occlusive properties of the fabric, which
was shown to have a pore diameter of 25pum.
A coverall was worn and its trouser bottoms were
covered by knee-length boots. The subject also wore
disposable latex gloves, disposable mask and woven
polyester hood, the hood being tucked into the neck of
the coverall, leaving only the eye area uncovered.

Dispersal chamber test procedure
The test procedure was as follows:

1 The steps leading into the chamber were disinfected.

2 The particle counter, which was used to count
particles 20.5um and 25.0um, was switched on and
the fan speed increased to its maximum to flush the
chamber and reduce the airborne particle count to
practically zero.
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3 The subject, wearing the required clothing entered the
chamber. The door was then closed. The floor of the
chamber was covered with a foam mat (e) dipped in
disinfectant and wrung out. This ensured that a minimal
amount of particle and microbial contamination was re-
dispersed from the floor during exercise.

4 The subject stood at rest until the total particle count
reduced to practically zero, and became steady.

5 The air supply was then reduced to just over
700L/min.

6 The subject started marching to the beat of a

metronome (1 beat/s), while swinging one arm, and
then the other, up to their shoulder. The metronome
was visible to the person, its position (b) being shown
in Figure 1.

7 After the first minute of the exercise, the bacterial air
sampler, which had a sampling rate of 700L/min, was
switched on and off for between 30s and 4 min,
depending on the likely dispersion rate. Males
wearing their personal indoor clothing were tested for
30s, and when wearing cleanroom clothing they were
tested for 2 minutes. Females wearing their personal
indoor clothing were tested for 1 minute, and for 4
minutes when wearing cleanroom clothing.

8 MCPs were deposited onto plates containing tryptone
soya agar (Oxoid Ltd) supplemented with 0.5%
polysorbate 80 to aid the growth of lypophylic skin
bacteria. The plates were incubated aerobically for 48
hrs at 37°C before counting the bacterial colonies. To
minimise errors, plates were incubated before use and
checked for sterility.

9 The particle counter simultaneously recorded the
concentrations of the total particles greater, or equal
to, 0.5um and 5.0um during the exercise.

10 After exercising, the person left the chamber, and the
air supply was increased to a maximum to flush the
chamber. '

Calculation of the dispersion rate

The chamber was designed to give a downflow of
unidirectional air. This ensured that during exercise the
concentration of airborne contamination came quickly up
to a maximum plateau concentration. Tests were carried
out that established the airborne contamination took one
minute to reach a maximum. This was used as the time
when microbial and particle sampling began. Assuming
the concentration of airborne dispersion reached a steady
state i.e. the dispersion of particles is balanced by their
removal, the dispersion of airborne contamination per
minute can be calculated by use of the following equation:

D=CxQ/S

Where,

- D =Total number of MCPs, or particles, dispersed per
minute

C = Total number of airborne contaminants measured by
the microbial sampler, or particle counter, per minute

Q = air supply rate to chamber (700L/min)

S = sampling rate of microbial sampler (700L/min), or
particle counter (2.8L/min)

In the case of the MCPs, the volume of the air supplied
to, and removed from, the chamber by the slit sampler can
be assumed to be the same, and hence the equation
simplifies to the following:

D=C

In the case of the particle sampler, the sampling rate was
2.83L/min, and the particle dispersion per minute cal-
culated as follows:

'D=Cx700/2.8

Sampling efficiency of the microbial
sampling method ‘ '

As can be seen in Figure 1, the airborne sampler was
connected at the bottom of the chamber by a 10cm
diameter duct. Because of the height of the sampler’s
intake and the distance of the chamber from the floor, the
duct had to turn through 90° in a short distance. The duct’s
sharp turn was likely to cause losses due to impaction of
the MCPs. Some preliminary tests were carried out to
ascertain these losses, and they were thought to be about
25% of the total. It was also known that some microbial
samplers have low collection efficiency!’, and therefore
some collection losses were likely when using the Casella
slit sampler. When tested in comparison to other samplers,
the Andersen sampler is normally found to be the most
efficient sampler available!”, especially when its entrance
cone is removed'® and it has been suggested as the sampler
by which the efficiency of other samplers should be
assessed!®- 20, However, the Casella sampler was chosen in
preference to the Anderson sampler because of its much
higher air sampling rate, which enabled low dispersion
rates to be measured.

To ascertain the combined losses from the intake duct
and the air sampler, a series of experiments using 20
people (11 females and 9 males) compared the counts
from two Anderson samplers (without their entrance
cones) placed on the floor of the dispersal chamber, with
the attached Casella slit sampler. Indoor clothing was
worn and the average count obtained from the slit sampler
was 524/min, and 1366/min from the Andersen sampler.
This gives a ratio between the two counts of 2.6:1, and this
ratio was used to recalculate the count obtained from the
slit sampler i.e. the counts from the slit sampler were
multiplied by 2.6.

Results of particle and microbial dispersion in
chamber

All of the results in this section are given to 3 significant
places. The results given in this section do not include the
exceptionally high dispersion rate of MCPs obtained from
one person. This is discussed in the next section of this
paper.

Shown in Figure 2 is the dispersion rate per minute of
MCPs, particles 20.5um, and >5pm, obtained from 55
people wearing cleanroom garments. The counts on the
left are from females, and those on the right are males.
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Figure 2. Dispersion of MCPs and particles from 55 people wearing cleanroom garments. Dispersal rates are arranged to show the rates from

30 females on the left and 25 males on the right.

Shown in Figure 3 is a plot of both the number of
particles 20.5um and =5um dispersed per minute from the
55 people in comparison to the dispersal rate of MCPs
from the same people. »

Given in Table 1 are the average and range of the
dispersion of MCPs per minute. These results are also
given for males and females wearing both their normal
indoor clothing and cleanroom garments.

Given in Table 2 are the average and range of counts of
the dispersion per minute of particles 20.5um and >5um.
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Figure 3. Relation of MCPs to 20.5um and 25um particles.
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These results are also given for males and females wearing
both indoor and cleanroom garments.

Given in Table 3 is the reduction in airborne dispersion of
MCPs and particles when people wore cleanroom garments
over their indoor clothing.

Given in Table 4 are the ratios of the number of particles
and MCPs dispersed per minute by males compared to
females. The males always gave a higher dispersion of
particles. A two-sample t test was used to compare the counts
obtained from the males and females. The dispersion rates of
MCPs, particles 20.5um, and particles >25pm were compared
between males and females when they wore both cleanroom
and indoor personnel clothing. The statistical analysis showed
this difference, in all comparisons, to be highly significant i.e.
P <0.001. :

Given in Table 5 are the ratios of the number of particles
20.5um and >5pm dispersed per minute, compared to the
number of MCPs dispersed per minute.

Table 1. Average number and range of the dispersion rate per
minute of MCPs from 55 people (25 males and 30 females)

Indoor clothing Cleanroom

~MCPs garments —~ MCPs

All - averages 2,400 177
All—range 94 t0 13,800 510 855
Females - averages 943 144
Females- range 94 t0 6,630 5t0514
Males - averages ‘4,160 216
Males -range 10910 13,800 7.810 855
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Table 2. Average number and range of the dispersion rate per minute of 20.5pum and =5pum particles from 55 people

(25 males and 30 females).

Indoor clothing

Cleanroom garments

particles >0.5pm particles >5pym particles >0.5pm particles >5um
All— averages 2,130,000 332,000 1,020,000 37,300
All-range 142,000-14,500,000 -3,810-2,110,000 79,700-11,700,000 1,020-263,000
Females — averages 1,720,000 257,000 432,000 29,000
Females —range 142,000-11,800,000  3,810-2,110,000 79,700-1,640,000 1,020-114,000
Males — averages 2,630,000 422,000 1,720,000 47,300

Males — range 250,000-14,500,000

6,350-1,680,000

222,000-11,700,000 3,050-263,000

Table 3. Number of times reduction in airborne dispersion when
cleanroom garments were worn over personnel indoor clothing

MCPs  Particles >5.0um Particles >0.5pym
All 13.6 8.9 21
Females 6.5 8.9 4
Males 19.3 8.9 1.5

Table 4. Ratios, males: females of the nui’nber of particles and
MCPs dispersed per minute.

Indoor clothing Cleanroom garments

MCPs  >0.5pm >5pm MCPs >0.5um  >5pm

4.4:1 1.5:1 1.6:1 1.5:11 4.0:1 1.4:1

Table 5. Ratios of the number of particles 20.5um and =25pum
dispersed per minute compared to the MCPs

Indoor clothing Cleanroom garments

particles particles particles particles
20.5um 25um >0.5pm =5pum
890:1 140:1 5,800:1 210:1

Table 6. Number of MCPs dispersed per minute from two male
personnel wearing indoor and cleanroom garments.

Person tested Indoor clothing Cleanroom garments
Prolific disperser 16,100 11,000
Control person 1,590 6

Microbial dispersion from a prolific disperser

A dispersal chamber test was carried out on one unusual
individual. This was in addition to the 55 people, and only
microbial dispersion was recorded. The individual had been
working for some time in a cleanroom without incident.
However, an unusually high percentage of microbes in the
room quite suddenly- appeared and were identified as
Micrococcus luteus. The microbial flora of the skin of this
person had changed so that it had become predominately
Micrococcus luteus, and gave an uncountable concentration
on the contact plate samples taken from his clothing. The
cause of this change was uncertain but he had received
antibiotic treatment which could have changed his skin
flora. He was withdrawn from the cleanroom and tests
carried out in the dispersal chamber.

Tests were carried out on the dispersion of MCPs using
the method described in the previous section. These were
carried out on both the person and another male, who acted
as a control. Both were tested using their indoor clothing i.e.
shirt and trousers, and then with cleanroom garments. The
cleanroom garments consisted of sterile factory trousers and
shirt, with a sterile polyester coverall on top. The coverall,
hood, and full length boots were made of the same fabric and
design as used in the previous set of tests carried out on 55
people. Disposable mask, polyester hood, and sterile
disposable latex gloves were also worn.

Given in Table 6 is the microbial dispersion rate
obtained from the prolific disperser and the control
person, when wearing personal indoor clothing and then
cleanroom garments. The MCPs sampled from the prolific
disperser were almost exclusively one species i.e.

-~
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Micrococcus luteus, which was most unusual. Two tests
were carried out for each clothing condition, and these
were averaged. The counts were then normalised by
multiplying them by 2.6 to take account of the efficiency
of the microbial air sampler, as previously determined.
The control person gave microbial dispersion rates
within the range of values found with the tests carried out
on 55 people, but the prolific disperser gave unusually
high ones. Shown in Figure 4 is the microbial dispersion
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Figure 4. Dispersion of MCPs per minute from 55 people and the
additional prolific disperser when wearing indoor and cleanroom
garments.



