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Validation of Sterilization Process

Kil Soo Kim
College of Pharmacy, Ewha Womans University, Seoul 120, Korea

ValidationO]%_ Foj& 1970w vlell Sl tefol GMP Aol =QluwHdA] M-S ALgE 7 A 3e)

o AFE EIE AL E 2 A ol Ags ojslla A &g R g}

Al °LJ~C§ o A} validation®] 28w 9]= obF FH sl Az, Ax¥FH, =4, Q19 &

of 2 Adg =918ty #efsta glek wiuka] 2 kel A= validation®] dukdql Ade A&

g 3 A A Es FFA Al g validation F HFFAHo vlsle AEstma dich
Validation2| o]

T. Byers : oJ 1= FA o] gl = THol HA st =3 7daa dedz 45T
og BEIIel F FAH HAAY A5 B AACEE AL A5z 2
= A,

C. Broker : o{1= FAol glolA] Z gAY Zle} 8qlo] == G Ao HAS) e s
ke AAE 2 e FFel e AFE AdAUA Azsta J&
g4 ¥ 55 X35,

FDA A<t Process validation® %3 oldl A F& vle] AAG 4 3 FAEA A 3st=
HF AEAUA AR+ dvke A& L FELE BES :

9ol 4o &gl wn process validation& o) A zFAHo] I

A, QEad, FAEA 5 RE 240 o T4 AA 44m A 150l
e AES ALY D WA 4 99 A8 geAsl dedd ez vaas 3

=18
T A

g B F bAl Al ZFA o)Al B FAel He validationd H{r], F44%, 472
AZo] o] 775 Abgsie] AAY A BHE Al Fo] FELLE BREY 57 elob 3o
27l 13t 2 2L o] EAQ WALE AAste Fdor AT ¢ gk

> O

o] ok xﬂ&%?éoﬂ A ¢} validation 9 A+E mvl 19761 FDA~} = E= oa%%om A8 Fap
Azt el sAe] FA HAA A E FARA L Wgtovt ARAE FolA Aol ed" el 9l
e ARE dgter] o g At Av ddF Al o]l YASE ¥E  validationsf
o] =415 3

AA Hgel A AE AFH AHE 2 1,0008L WA Fel 1,000 F 19 o] vl Fof

A7H AAAE 24 (1985.9.19 4B W)l A HEARNL,
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7 z T

oAHYe A% 1,008 F FRADECL 208E AR U FEAYE ARTel

oqigl

Aol gz 3 &L 0.02 F 2%l =A &=

Validationg ¢

(1) Structure

st =%

A. Consultant 23914
B. Task force %94
C. Dedicated group 53 34

@ A d%A

A. Production & 4k

B. Quality assurance %% 1%

C. Engineering

D. Research and development & -7-7} 4
(3) Validation worke] ¥ ¢

A. General

Validation work

Tested for

Personnel
Buildings
Services

Equipment

Raw material and
components

Procedures

Packing/labeling

Warehousing/
distribution

Laboratory controls
Records and reports

Qualifications, responsibilities

Design, construction

Water (city, deionized, distilled water for injection), lighting, heating/
cooling, cleaning, ventilation, waste disposal, sanitation.

Design, size, location, materials of construction, manufacturer’s drawings,
change parts, maintenance, operating parameters, cleaning.

Control, testing, storage, vendor audit.

Standard operating procedures, manufacturing direction, sampling, yield
calculation, processing time limitations, microbial contamination, repro-
cessing,

Materials, issue of labels, expiry dating.

General procedures.

Testing, release, stability testing, special tests, reserve samples(esc).
Equipment cleaning and use, components, containers, closures, labels,
master and batch production control, production record review, laboratory,

distribution and complaint records, product returns.

B. Equipment qualification
1) Installation qualification (1.Q.)
2) Operation qualification (0.Q.)
C. Priority of work

Large volume parenterals

Small volme parenterals
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Ophthalmics and biologics
Sterile solids
Low-dose/high-potency oral solids
Other tablets and capsules
Oral liquids and topicals
(4) Manpower requirements
(5) Protocols
A 222 2 critical pointe] Axld 4w, =F=]ojof & parameter, parametere] w3 ¥-E-7
F 9 249y %ol s5eelor gt
(6) Documentation
=7|yR| validation—Validation®] 7}do] =954 5 Fr] 7 LVPe @FF4 FaH 3R
| EFA A o] validationo] 7}% 98 FA o] WFFA Y HEFFAHY validatione] 83
e gt gt

Cleaning of containers and closures!!~1%

<3

Cleaning of production equipment!*
Water systems!®
Air systems!®
Pressure and vacuum systems'”
Facilities'® ¥
Filling machine accuracy and consistency!®
Calibration of instruments, sensors, measuring devices and equipment
Sanitization and cleaning agents
Depyrogenation of rubber closures
Bulk manufacturing processes: e.g. weighing, temperature, pH, mixing time limitations, storage
conditions, etc.
Container/closure integrity
Lyophilization cycles
mZa | validation—F 744 A xTANA9 HFFAY validationd o9 5542 4
24 4 gl 10
(1) A Eel A Adhse E4e] A 1 Folo ok Hrk.
@ 7195 e B4l g 4 43 DA §E Bgo] 107%) sl RS EFT
(3 HAT vt Al AA.
() microbial kinetic equationg A}-8-3}o] HFE A ¥L & FA.
O bioburdeng 3 &grom Folr] gt Au B &7 AHZTA FHal.
O A48 2AFEE B3y nehddrlel A4, validation A3-& €3 thermocouples,
thermal sensing devices, biological indicators wj =] 5-2] A,
4 4, Av, 48 Hrt 2 B2UEE Qg A 44 2 A9,
O £7)e] 2z1%}7] 7 microbial load count.

O biological indicator organism-g& Al&3led D @ Z value &34,

o2l

d A
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7

zk

Fi

7

Log Number of Surviving Microorganisms

L)

O #3F71% 442 2o dF 9¥
o AFF

O dd7o] A" AF 7 F-Helx

1
1

= A4,
A&

=
O AdzA A%s W A5EE Goir] A8 AF2a AAY AE.
O AR £x2 w4z 8 w9 thermocouplese] A&k,
O 2% 2 F value A& A3} A5dgd =z dd7 Aol 29 AdA.
O bioindicator organism®] 4 3& =] g H¥F cycleg] challenge,
O bioburdeng HA fx3t7] $d AHFTAHL A=
w3 7 FAwtch protocold 24 eheloF Fek.
D value2| & —A A3 LxolH Azt

il

o wHE AEEE S0 0k B

of W& vgEre] 7
gt 0] logzhdzel F Q3 At vehile 90% #H4

8 W
m\u

S Vel AL o
}.

o 283 Azl

}.
ZAe gedNE AA, 4B T4 bioindicator B A LEE HAstoF 37 2 hF 4

(1) GAF 49 AFEAE AFAD D=4 =& srore siios 44

(2) A= 5/ E 1T22 st ¢AZ 2
| 7kl

o) 121°, 108, 208, 308 (2 A 7ol

(3) AL ZA5E 47 Astel 425
4) 9Az=d st A3 A d% colony
Survival curvef| 2|5t B¢ —q] 43 &

g. 1ol A8} zro] A AL et A A9
JOGN =GBt wovevnerreen v e (1)
N : number of surviving organism, a : Y intercept, & : slope of the line

$7] b9 9% D valuez}t 3lr}

Time at Temperature T

Fig. 1—Linear survivor curves.

=l A A7 34 342 @t

O

re o % }% G sample 544)
%e 2y £
5

count 5-2] W o2 A Aghc},

ol A Aol wHE A TGO loghaE rhehin
$AE o,

Fraction negative method”—7} A 7}=}c} =
o= 10708 FUF9 organismE ZE ABE
Agetel stdd F AR WA 2z Fo) 7
4 A At LEold AAE 797 u) gkl
ol AA Fe A58 9 F 758} '

(1) Stumbo, Murphey5-¢] ¢]3F MPN method.

- U ---------------
= TogA—log B ®

U : heating time at specified temperature, A :
initial number of organism on each replicate, B :
2.303log(n/q), = :total number of replicates,
g : number of negative replicates

olw] Dgh& 7zt &4 A7t A D valued] =
TAE Wkt

(2) Spearman Karber method
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BN 7y (4
N, : initial number of spores on each replicate.
k
j:.zz"l(ti*’l#t") (Pigy = Pi) ovreremementern e e et e st )
t; . heating time, p; : proportion of sterile tubes at ¢;.
A7k 2k el A’ W=
_ d k
x:tk+7—d§Pi ....................................................................................... (6>

d . interval between heating times, ¢, : first time interval showing all negative replicate.
2 Ao A9 variance:

Vz) =

;,M,,
.
=
’0
\/
—~
~J
p—a

N : number of replicates.

%% ANBE A e

7}"5-‘4 WA 7] whE B e slodsli A EFo thermocoupled W3 L% 2 ZA3sle] )
Fol FHg Lxe =9@ Wi A AR LEE /] EFh

R R S S B - e

100°C o4 =& o AA 7 2= A wtey A AES A 4ge.

Lzlog—l_ﬂg_zb_:mn—n/l ..................................................................... ©
Z:10°Cz 7+, To:stdde AFe 25, Tp:D values 3 3te 2x(121°0).

U=lethality durlng come up-+time of product at set temperature-lethality during come down.

U%Z heating time2 2 3}o] D valued A 43k},

Z-value?] & —Z value: £x9] W3lo] 3& WdAe 2an] D value 90% B 3lo] 3 o3}
emel WwakE &3 Aol v

AA AW L Aox 3 &5 & AAste 4 A48 2ol Dvalued F3le D value
o A Lxole #AE xulsletwl Fig. 29 7ol A AL A& 4 glvh. o] Aoz X
B ke Aol 93d Z valued Tt ®

—_—————TZ-Tl ---------------------------------------------------------------------------------
Z= log D,—log D, (10)

Be gl A AeAE £xol WE ANEES epde
F-value?| &8 — 245 Z valued A} &3le] ARG AF2EAe $& =24 7o) & 33k
& F valued 78eh F values 5AF5] A4d 322 (e, 1210604 =59 33 A3lel
= clock time o} T}, F valuet= t}d-Ao| ol ste] A Abs},
F= A3 10T T00 /2 i e 1D
4t : time interval for the measurement of product temperature T, T, : reference temperature
(ofl, 121°).
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Table I—A manual calculation of Fo value.

Sterilization Product 10T -120/10
time (min) temperature(°C)
10 e -
] 5 100 0. 008
II 6 103 0.016
i Z Value =20°C 7 106 0. 032
: 8 109 0. 063
[o]
? :ZVa(ue= 9 12 0. 126
-~ ' 10°C 10 115 0.251
. 1 : 11 118 0.501
: : ! 12 121 1.000
i

: u | 13 121 1..000

t i {
I : ! 14 121 1. 000

| 1
: ll : 15 118 0. 501
; : : 16 115 0.251
1 T J 17 112 0.126
T T+ 10°C T+ 20°C 18 109 0. 063
Tomparaturo 19 106 0.032
Fig. 2—Thermal resistance plots of logD versus 20 103 0.016
temperature, showing slopes equivalent to 21 100 0. 008

Z=10°C and Z=20°C. -
Fo—5 000min?

F value® vh&4 o2 veund N‘;FO:AL‘ (%> of lethal rates) =1 x4.994=5. Omin,
Fe {zLdt (12) 4t is the time interval between successive

4 temperature measurements.
A7NA L=10T"T0"2 1,3} ¢, Abole] A L5l A Abg Aol th
At e 2E Fvalued Z=10°C, Ty=121°CellA & A% o] 2439 o] =19 F value
& Foe} &
B 1 I ) L e L T T T P PP (13)
Table -2 Fy 39 A Zcjo]rh,
Table IolAel Z-& HF cyclez F¥¢ otd A EFEEL 121°Cel A 525 714

A 7L 589 vehdicl, USPo A FoZ Aolx 8¥o g FAst 9ot
thAl gt AF el B AEE dx A Aol ¢yl F-Ee]  121°CH A &

1 ] L SO =4
@ 839 k249 Azl Hashehe Ao

D value® 7317 919 ml o) w4 ash Azt AAAL et o

e e ettt et
D= log A~log B 14)
¢ %Xé 2z A9 Az, A:dEsts)lA o)A B (bioburden), B:A7 Hdg F AL
-?4 4°ﬂ/‘1 tE Folz &x TollA xZ4 A zkoleba -4 31,
Fy
D,= logA logB .................................................................................... (15)

J. Pharm. Soc. Korea



HgAA +49 Validation 311

4 152 3
(logA—logB) =Y, - _TI;;; ........................................................................ {16)
Al ZA Fr=83, Dr=13eletl vlg& gt Y,=8 & 54gx To|d D=1%& 2t vl
AEFNA 10° 7H47t F88 o] FolA 5 ok
A 1602 oA fEd & Ych
B:antilog(logA~ II;: >
ol & Ee} Bl 107%] 2} fa-?« Fr % 34947 ol % 27 nl4 8471 A el AFA e
210702 Zrase] Aok Ae %v}u} AR vl Fro) Hdxged 9tel 10030
AEF A 2 HHA ow-urv— A 9)v] g,

o] 24 121°Ce A D3lol 142 v]AE 1050 2x121°Coll A} Fy 1289 4 cycled %3}

o HFah
B:antilog(logloe——112)::10'601 Y

2914 FEE AR AT AR (G RN Az #AEZ plotgl & W D
e sj4te m oA, F1g 3on A+ bioburden o ujE wgdFA R 107°¢
Foo] 3% vtebd A o2 bioburdene] ztadtwl anbg HyA7kE £Y & ddke AL wy F
32 9t

Sel A} At upe} zlol W cycles] Ao AAA 4&E& st Zlol Fy valueolw] =
Aol Hate] GFE P AR A¥E ot of Al bioburden 4= B W HFAE 10°0 2
2 wlo Fy sl dAsEs " cycled 4Ase]ok 3 Aol

Aol A HAE vl ek wuael AE -
5 B g FHx= 5] g3d e ohg A7t
4 Log Reduction in
;{] Ho“ﬁ o] 9}11}- 10‘_ tnitial Microbial Load
: P _g_ 3E
(1) Bioburdens] 7"}4“ Pe AE @ F Slope of Survivor Curve
(equivalent exposure time)<e] =7}, (3) D- 102 — Represents a D Value = 1 Minute
valuer} & wulAl & \
. \
Al @Fe AN D g AF A N 1N AN
. N
geol 2 vl Eo] FFRA ol gz ¥ N AN
. . . N
Aseel Aol G4 W EFFE Fash 8 -2 S "
- * \
At GEARE SoAAAF G, N N
. \
HRIY A HY M HAHEENE 10 v mecion .
7].—24 L2 %A+ Fig. 48} 7). o 77 in Sterilization Time ‘\.\ \\\
| AgE e B 44T A0 2 L 0 T T T
°3E_ Sol geted AAstelok Bk TA9T PrER e s e T e 0
o gleiA F2¥ AL Frlolw wg BF Tima (min)
o AFgE = L5, ci}.z-];i] 5 RE gH= Fig. 3~—Surv1vc')r curves' sht?wmg the effect oﬁ
) . ) 20) decreasing the microbial load (A) from 10
HE= 4] calibration) of oF ghrh, to 10% on the time required to achieve a
Thermocouple?] Mein X -—Thermo- probability of nonsterility (B) of 1078.
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Alr Out

Water

Heat

Exchanger e i
Water il
Ejector To Ja- dlb
(Venturl) Waste
Fig. 4—The functional parts of a modern autoclave Fig. 5—Suggested locations for thermocouples on
(Courtesy of American Sterilizer Company, a single shelf for heat-distribution studies
Erie, Pennsylvania.). in heat sterilizers.

couple %7] W79 validation % Zu¥) F A% ALAE T3 AL 4 A& Aok @
o}, BlZE oz 783 copper constantan wires} s} £3] Alf5 3z glr}l. thermocouple®] A
gz +0.5°CE 273t thermocoupled] 97} wAdct, A#¥x =22 NBS traceable
constant temperature calibration %& o] &3lt},

thermocoupled] calibration 2 =7} 0.5°C o] 4 wj& t}& thermocouplez mmls)of &% 7|
FAE 0.1°C 912 7153 o oo drth

Bioindicatiore| Mei =i calibration—aof 7} WAle] & w|YEL £33 el B. stearothe-
rmophilusol v}, 2| A Fr\HFe] A4 dubg oz A&z 9loh,  bioindicatore] ARgEA L
H & F, value® A 43t7] 918k Reln] BIS] Dy 2 Z valueZ R8sl @3 glo]of abc} 2

validationo] 3= spore strip =& F:A19] &Efale AlL3h olwl stripy w] A Eo] & o g
slale) migh EA4E D valuest o] AT %3 glofof g,

2% Mg (heat distribution) —d3-2 AgL (1) FHE7elMe A&z AF, (2) A
A= AEr] HolMe AEZ AF F F AR Erh

thermocouple®] <4 10~207] & Ab&3to] o] wel @] chamberv)o] $ X &4 sz H
ZE glo] 27 thermocoupled A A 8lA stz tipE ZgEI7] Wy v dE ZEinz J&
3lAl & A& ob=Elc). thermocouple 17§43 ¢ ice bathe} oil bathe] wWo] Zteycle mfc} ox 2
=3t B Frh QEEZ A FolAE chambert} 2] cool spote] ¢ = cool spote] load size
3 configuratione] ¢ &t of & 5% 24 & vl chamber Vo HFLx o s} A Lo Lxo] F
o7} 2.5°CE 2#AsN A= kvt 1.0°C o] o] #w chamber Vol F7] 7| F29 E4L o 44
3t

Fig. 5ol 41+ 7] chamber 1] thermocouper?] $] & w3

E=8

o,

N
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o ARE F valueZ Fobdl 2. 27 fdAde AT AL 488 ok
Sty Q8% 9] Fol A chamber & %7} 714 & ko] £ thermocouple] probeZ 9
thAl cycleg ¥ Foldle] AAF AFE ok U1 2, LEs EE 99 & el
thermocoupled 3 A &3ae] 24 2 29 loading configurationg F-gtc}, o] 2#-g 5 %o
st PSS EAH R Aejstel FE3 AT F Aojok ot

7HEET Tl F83 AL & F value, design F value @ 3 F4 A7b5 374x] o] %

i F 3 A E olx slaour 7|28 5 Zlolv], design F 38 24 F ol 93 F, o
TESE V&R st A o® 50% A =L Fobstel AR Aolr, o F o H&: Fo A
< 8Foletwl design F gk 12%0] sy, dE3A A G3AF AfelM dAd2e] G =
A Aol HAG &r19 Aol 71EL Fo

A 4k gkt
valiation®] w}x]w}t whAl = validated cycleo] Yo zx 4 dA%A $AH + e AE
%ql 3} monitoring programo] g o] o},

load size, load configuration, £-] 52 W37t 9l<& =)= validationg A & Fex 55 T
Sojo} ek,

Agy R validation—A k2o o] 4= gy AdEdF-L hot air ovens} tunnel system9]
5712 whyeltd. AdwF validationd] FhAE AHAE 45 Zelvh. AdHE T Ad
AL Qele exo 29t 2 255 fAEY] S AHAN AHEE ofv) gt

ZAHFAA Y wbAA 2 HEAd e BE ¥90F Qe &R 23T 5 glelek din
| wt=A A g9 b AdET] o ShE alshel ok gt
& Aol A elxobA B A E ] validatione] A A= HEvlel AbREe BE FH e
7178 AAA A gelrt,

dutq o2 AMLE £ A FE g3 Zrh

(1) &5 7 E4 9} thermocouple, (2) &2, (3) ampere meters, (4) manometers, (5) -2
B} = ele)) o] EubAl A%, (6) velometers, (7) tachometers ($%4)).

calibration 9338k 77 e 2 Agz|ojo} dtu], Simmons T 3704 HEALAE Afta
9,

ZAdE T el A st validatione ohg-3} o] 2742 FEF F glon 2 vt 2=
23, %7 ol EATE, HESEY 2L EElA A, & dvbe w4, pyrogen I3 F
A 5 AE3A validationo] -, 2,24

Batch oven validation— (1) air balance &% vl QB o] Fulr]|Z7)9 Fo4 AR}
deix e, HTAGL & slol A EHAF s £ Aol upet o) FEE FE5L HF
+50FPMo] ¢},

|

(2) empty chamber®] g2 x :w]g] A& 2 thermocoupled A A7z £529 A4 2 &
B2 Hx: 9 HAL o] & HAAt LEHE +15°CE @} dEE 432 hood duct
|

= BeE B9 443 27 AR oA 4
@) AAF AP AT 4GS BAHL AR AFolA AF £E Aol B gk
}_

S & FoljE Aot} o] A3l Ax & biological challenge study & $)3le] ) 2%t
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A Eo] JEs 2= QA a) AH Ax] WS, b) LE set point WF, ©) =FAZL HFE T
o] t}.

@ AAA AR o9 5, 259 Fd4, 2823 AAzARAEY A4} FET,
AAA AHG) A=E G4 o of et

Tunnel sterilizer validation—(1) Air balance determination, (2) A& % dF, (3) 2AF
A (4) Z1A R A F A

Biological process validation of dry heat sterilization cycles?”—(1) sterile . microorga-
nism, survival approach, (2) Pyrogen free : microbial endotoxine, overkill approach (excessive
heat, F, value 12min), endotoxin : E. coli lipopolysaccharide

endotoxine =4 £ limulus amebocyte lysate test (LAL test)o]w,

t-ndl):AtZIOT 17054

Validation of ethylene oxide sterlization cycle—-x| %2 D zt& F3l7] 18 A7t 4,
ol Fal-$ate) =0 BE B A E 5 37MA 7 H 0] whebA vl E A AR kinetiesE F317] ¥
Sohe Aol o

Radiation sterilization cycle2| validation—Health Industry Manufacturers Associationef]
o) so} @yl WApAEFE  validation] 5ebA] approachiz &z} el

(1) wAbAl 24} Aol A £ microbial loads T3k}

(2) A Fo] A&l natural floras] ®3F Dgtg A&3c),

(3) natural floraz} biological indicator .t} WlabAle] what &4 o] ekdlri AL 595
88) 2l Eol wlste] biological indicatorZ A}£-3le] D k& 3}

4) #FE el $: ]75} biological indicator spore strips®] D zt-& &4 3k A F el #HA ukAb
A g Ao 9AE A A Fel dE 1070 vE A HE] Ao FFE g

AR
(5) biological 1nd1cator9] Dzlo] &gk Walgol st¢Ra] Wt 8 E AAZ) =
HE 600l A= S wMEE e FA3 5 9o (variance : 0. 1~0. 5Mrad/m), 2] xEARE ol

A £ 4 Mradse] &ap3hg9] A7l A geh

e

=
=
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