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BRIEFING  (BEEEZiHA)

The General Chapters — Microbiology Expert Committee proposes this new general chapter as
an addition to the Sterilization of Compendial Articles (1229) family of chapters. This chapter
discusses sterilization of a system or piece of process equipment in situ (sterilization-in-place;
SIP) to reduce the need for post-sterilization handling. This chapter provides information on the
common elements of the SIP process, different physical methods used for performing SIP, and
routine process control.
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(1229.13) STERILIZATION-IN-PLACE (7 & J& )

1. INTRODUCTION  ((Z U ®1i2)

Sterilization-in-place (SIP) can be defined as the sterilization of a system or piece of process
equipment in situ. The purpose of SIP is to eliminate, or greatly reduce, the need for
post-sterilization handling, including that necessary to make aseptic connections. Mobile
process equipment (e.g., portable tanks, storage vessels, and other equipment), once sterilized in
this manner, may be relocated. The SIP process can be carried out by using any of the following
physical methods: moist heat, dry heat, gas, liquid, or vapor (described below) according to the
approaches described in Sterilization of Compendial Articles (1229), as adapted for use with the
specific equipment or system.

TEEIRE (Sterilization-in-place ; SIP) 1%, [ EIZB W T AT L%, 137 0 A0 —E 2 1%
W52 E] ELTERTDHIENHNKD, SIPOHMIE, EEM 28542 DML EMEEE D CTIRA
% DER N (post-sterilization handling) ZHL Y BRWNZD | HAWEREZLK WA S HTZVTHZETHS, 2
DIFETHWE Z 31U BT 25 7' 1t AE (B 213X, R — & 7L 2 7 (portable tanks)., PRAT- 25 % (storage
vessels) 35 LN Z OO &, FHERETDHZ ENRHEKLTHAH, SIP 7rt AL, ROKRY
B FEOMNNZFER L TITH 2 EnHks, @ (USP @) Sterilization of Compendial Avrticles
(1220 TR BTN D K 5 728 BB, FEN, A IR, F72133A 73 —(apor) (LA FIZERD)
TNENOEIEIFT AT ATOFAIISE LT, ZH 2RI 5,

2, COMMON ELEMENTS OF STERILIZATION-IN-PLACE PROCESSES
CEBIRE 7 1 ADH@EHR)

There are a number of considerations appropriate for the design and use of SIP procedures that
apply to all of the sterilization methods:

SIP{EDOFKF LIS LT RE< OBZ HFNFEELTEBY . 2 S IREEEOETIZ b AN
Hk2bDTh 5D,
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» The use of an SIP method is normally associated with a “closed system.” Closed systems are
almost always sterilized in situ, and the design elements of the typical closed system are
consistent with many SIP process needs.

SIP method OfE X, @EIL. “PAEHR (closed system) ” CBET A2 H DO TH D, HFRIIFEE D
G, RALE (nsi) THREINLDHDOTHY , REBEOLRFAFERORGESR X, £<DSIP 71
TAOMEEE KT DHLDTH D,

» For large systems, it may be necessary to sterilize in portions. The individual sterilization
processes should overlap to ensure treatment of all internal surfaces.

KDY AT BZx LT, B0 2 SR ET 25 2 EBRNEIZR DB L7, 2 O % Ok
%7ntxm\£T®W%%@®kﬁﬁ%¥&&éibm\ﬁﬁﬂ~?yf%éﬁé:&o

» The focus of the SIP procedure is sterilization of the product contact surfaces (the interior of
the system). Demonstration of process lethality relies upon physical measurements and
biological indicators. This confirmation should extend to the “sterile boundary” of the system,
including vessel headspace, connections to other vessels/equipment, and other parts of the
system. The interior surfaces of the process equipment, irrespective of their materials of
construction, should be exposed to lethal conditions sufficient to sterilize the system and
confirmed as lethal with an appropriate biological challenge.

SIP FIEDOERZ HTHEITIEL, ®iEgEm (A7 20RM) ORWETHDH, 71t AEIT)
(process lethality) DFEBA L, MBRIHIE L XA A0 PN A P —H > TW5, ZOMRIT, +
DI AT LD “sterile boundary (gimzasEi) "IZH MSENETH D, Z D K 9 7 sterile boundary”iZ
X, BaeD~y RAR—Z [ MORSG T & Ok, BLOV AT LOMOE R EEND,
11 (construction) DR E AR D 0 72 <, TR AERONERIEITZ DOV AT AERFHT 5 DI+
Aﬁﬁ%%%#MMmmmm’%@b IOTEE) I AW R 72 T v L 2 (appropriate biological challenge)
IZ& 0, ZOEIEMethal) Z TR T HXETH D,

» SIP is accomplished almost exclusively using the overkill approach to sterilization. The
components of the physical equipment should be chosen based upon their ability to withstand
the sterilizing conditions to be used. Filters, whether membrane or high-efficiency particulate
air (HEPA), in the process system are typically the most susceptible to damage during SIP,
and care must be taken to preserve the integrity of the filters. Filter manufacturers can
provide guidance on acceptable sterilization methods and parameters.

BRI TR R I A2 A TN ET, BCUIEE AT 5 ETO—2>0BIFIcHE £ A,
FAEH 7T, B X MTENCH7c - T, ST HRTIZE > TRFEU,
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SIP 1X, JaEBINIRL WEDOA— /"= « TTu—F 2EHL TT> T\ 5, ZOWE 7
FEERAERIT . B S D IRE SRSt 2 5 2 E DR DHET) @ity 12DV TRIREN D&
Tk, £DOT0EADT 4 NE— (AT T £721X HEPA) &, SIP I CORGH A v V%
ZFTRTWERTHY . 74 NE—OFEMERET L0, BEEZLOILERHD, 7 14V
H—DRIEEFIL, TFESNDBHETIEL XT A —ZIZONWTOHA XU AL TN D,

» The absence of specifically designed equipment in which the sterilization process is
performed places the bulk of responsibility for design onto the user. SIP systems ordinarily
cannot be purchased directly in the way one purchases a steam sterilizer or a dry heat oven.
Instead, the system, which was designed for the operating process, may require modification
to accommodate the SIP process to be used. The user must assume the role of designer for the
process, equipment, and control system.

W 7 0 ' AEAT 9 RO BIFIE LW 2 Sk, ZFHZBE L CoOREBy O BT E 2 —F—»n
BH LI D, AKIKEED D WITHBVREEZ AT D X O R FIET, SIP Y AT A& EEE
AT 2 Z Lidtskiany, e LA, BET DL o 2AHICHFF SN TWD VAT Ak, AT
5 SIP 7t RAEERT HT-DICHENLEERDLTHAH, 7rtRX, BERBIOEHEV AT
DT, 2—F—F, RIFOEFZADRTNIZR 220,

e The system design and operating procedures must provide for an efficient means of
introducing and removing the sterilization agent. Establishment of a reliable process
sequence is a critical part of the cycle development exercise. The sterilizing agent is normally
introduced through a filter on the system that may also serve as a process, purge gas, or vent
filter.

AT AOEF I L ONEEEFNEIL . 5 sterilizing agenty DIE A & FREIZHOWTOHF RN HiER 5 %
RFNUER LR, BEEEkES T AD L —7 v ADHESLIE, SIP YA 7 VOB EITH ET
DEER I THDH, WEHANL, BE, ATLOT 4NV E— (FavaAfe LT, =Y H
ZHELT, HDEWVIER F T4 Z =L LTHEDNDTHA D) ICHLEAEIT,

» At the conclusion of the sterilization process sequence and until ready for use, the system
should be pressurized with a purge gas (sterile air or nitrogen are the most common) to
prevent the introduction of contaminants to the sterilized system.

FFRICITM TR AR I A XA TR EVE T, FIFRSUIEREZ T2 L TCO—20 T IciEBE 8 A,
BRI, B X OMTENCH - > TiE, TR K> TTFEW,



USP &% : In-Process Revision:<1229.13> STERILIZATION-IN-PLACE (&[G i#i#) Page 5 of 9 pages Life Scientia

U.S. Pharmacopeial Forum, 41(5) (Sept.-Oct. 2015,Web #B#). ZOEEHI USP O&ER (X7 a A H) Th Y KKHARNETIED
D EHA, FEELIZNEIZOWTIE, I#Ho USP 2 22T X0,

WE 7 v 20/ TR L, ZOMEAOEERTE 2 F T, WEE S AT DIIHEBA- TR
L2 LaSTZDIT, N=U s HA (BEDZEKD HWITERPRD KN THD) T, IER
LTS THD,

» The critical process parameters for the SIP process should be recorded as the process is
executed. The important parameters may include temperature, pressure, concentration, flow
rate, humidity, and time, among others.

SIP 7R Y ADEBERT UV ANT A=K (L, ZOT 0t RAEFTLRFHIEERT & TH D,
HEQRANTA=Z L LT, LD, BE B, RE, fuE, E, BIUERIEGELD
Th» 9,

3. CLOSED SYSTEMS  (PASH%)

In pharmaceutical manufacturing operations, closed systems are used for various applications
including maintenance of large quantities of materials (liquids or powders) in a sterile state;
manufacture of biological and synthetic organic active ingredients (especially where microbial
absence is essential); and preparation of process equipment for use in sterile drug product
manufacturing and filling. The use of closed systems provides superior separation of sterile
materials from the surrounding environment. Typically, closed systems are maintained under
positive pressure at all times. The characteristics of a closed system that establish its designation
as “closed” include the following:*

LSRRI W T, MSRITEA Z2HBICER STV D, Zhidid, EBERETORED
WE (RIRETIIMER) ORFF ; AWFENEB L OGRS X2 A#EO FERORE (FR2, MEH O
FAELRWZ EBRVAOEMOLGE)  BLOEEEEGLORE L FIECHEMAT 2 7 ot A0
Wg7r EnEEND, ASROMEMIL, BEOWE % Z OBENRE L O, BT 0lix 5 2 5,
—fRENC, PASRIE. WICHIE T CREESND, “/r—X R THHELT, ZOLAHEEST
LR ORI, UTObLOREEND !

. It maintains integrity during all operating periods and under all conditions.
HEEHIF T B LORTORMLETIZBWT, BRSNS,

. It is sterilized-in-place or sterilized while closed before use.
TEEPRE (sterilized-in-place) NS 520>, EIIMEHO 7 v —X ROKREDORIZ
WEN I D,
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. It can be adapted for materials transfer in and/or out while maintaining its sterile state.
EECRREDHERF SIL TV D IS, ZOWNAMNT, MO EEZITO Z LK S,
(REBE : = OBIFSUIRIES 0 )

. It can be connected to other closed systems while maintaining the integrity of all
systems.
BTDOY AT LAOTEREMEPHER SN TWDRIC, fOPASR &L #5HT 5 2 LIRS,

. It is subject to scheduled preventive maintenance.
AT T a— VP TCHNEETOTHRENIND,

. It uses sterilizing-grade filters for sterilization of liquid and gas process streams.
IR L ORERD 7 1 A (liquid and gas process streams) DI IZES L T,
WH 7 L —RO7 4 V2 =% 2,

4. STERILIZATION-IN-PLACE METHODS (EBEI&RE L)
4.1 Moist Heat  (JZZ)

The use of saturated steam is the most prevalent method for SIP of large systems. The majority
of installations use gravity displacement cycles adapted from those originally used in steam
sterilizers (the size and complexity of many systems preclude the use of pre-vacuum cycles).
Important considerations include the provision for air removal, condensate discharge, and steam
removal post-dwell.>* This method is commonly used for bioreactors, sterile bulk production,
holding tank and delivery lines, and other large systems.

BIFNZRR DL, K AT LD SIP TORBEKR L TWDHIETH D, Kby DHEEIL, B
[EHAY A 2 )L (gravity displacement cycles)Z fEFH L TRV . ik, ZAXIREMENS UHEEH L= 5%
BHALELOTHD (RELDOBEMREL DV AT A, T A_AF a7 2OV A 7 VOFHANAR
AEETH D) , HERBRFFHEE LTI, ZZROPERR, GfEii OHEH . steam removal post-dwell Gris :
EEHEHL O L OWEIRTI 2) DR END %, ZOFIEL, RIS S F U T 7 Z— (bioreactors) |
MRS /L 7 B3 (sterile bulk production), PRIF A 7 & B T A 1 (holding tank and delivery lines)33 = UM DAL DK
B 27 DI s h b,
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4.2 Superheated Water (IlIEA/K)

Systems used for Water for Injection and Purified Water can be sterilized by using superheated
water (water that is heated above its boiling point and pressurized to maintain it as a liquid)
circulating through the system. This method has the ability to sterilize vessels, filters, and other
wetted components at the same time.”

HEH KB LUK ZHEH T2 AT AX, OV AT A EJEERT 582Uk (superheated water
ZOWHLL BB L, iR E L TENDRET D7 DITNEZITo72K) 24252 & T, 3K
W52 LMD, ZOHEE, FREC, Xy ilweses), 7 /L —, ZOMOWR D 7R
fit1 (other wetted components) & J& [ 3% = & NHIES 4,

4.3 Dry Heat ({z#4)

Dry heat has been used for SIP of spray dryers and their associated material collection systems.
The air supply for sterilization in these systems is provided through HEPA filters.

BT, A7 L — KT A ¥ —(spray dryers) B L ONF D BIE T 2 W DS 2 AT I (associated material collection
systems)D SIP (2SN TN D, T DDV AT AOPWE I S 52254513, HEPA 7 4 L4
—Zlm L s SN D,

43 Gas (HR)

Gas-phase SIP has been used for non- and low-pressure-rated process equipment, such as freeze
dryers, pre-freezers, process vessels, and other equipment.

SHH SIP (gas-phase SIP) 1. RS HZEEH¥ (freeze dryers), pre-freezers, 7" 1 -2 A X+ & /L (process vessels), 43 4

NZEDOMMOZTD L 572, FEMED 7 78 A (non- pressure-rated process) (2. B L MEE 7 & R
(low-pressure-rated process) (Zf# F 3L TUW A,

4.4 Liquid (R1K)

Liquid chemical sterilization is best suited for liquid-handling systems and can be used only for
fully wetted surfaces.

FFRICITM TR AR I A XA TR EVE T, FIFRSUIEREZ T2 L TCO—20 T IciEBE 8 A,
BRI, B X OMTENCH - > TiE, TR K> TTFEW,
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R OIL TP L, WERZTR O VAT LTk bE L TEBY . ol REmICOAMERNT5 2
EMHR D,

4.5 Vapor (7850

Sterilizing vapors have been used for the in situ sterilization of the same types of process
equipment as those treated with sterilizing gases. The precautions associated with vapor
sterilization described in Vapor Phase Sterilization (1229.11) are required.

W A 28 —%, WRE A A (sterilizing gases) TORLER & [FIARIC, 72 AHBEEROR U X A4 7 DR
ALIEBEE (in situ sterilization) (2 4L TV %, Vapor Phase Sterilization (1229.11) 238 R 531 TWN A A
NI & BT DR FENLE L 12D,

5. ROUTINE PROCESS CONTROL  (H# 7ot 2&EH)

SIP processes are subject to formal controls that maintain a validated state over time. The
practices outlined in (1229) include the general requirements appropriate for all sterilization
systems as well as those specific to an individual sterilization method. Sterilization is
accomplished by a number of related practices that are essential for continued use of the process
over an extended period of time. The essential practices to maintain validated status include
calibration, physical measurements, physical integrators or indicators, ongoing process control,
change control, preventive maintenance, periodic re-assessment, and training.  2S (USP39)

SIP X, 74—~ NAREHEZTH L2250, ZTREHIMICE > T 75— haniiRgs
HEFFL QWD Z E2ERT D LD TH D, (1220 I T D EERNE (practices) 13, 1 & DI
BIEICKT L TRRITH D L2, RETORES AT LIH L THHEIN AR LD TH D, —KEypE
REEEZEZALTND, BEIIZHORBET 2 EENFIC L > TERINSI DO THY . ZIUTIRIA
WHEEICH » TY% 7 B ADOEGEHIFEHICHED LD TH D (ZoRERMPILETHS) , /N T —
N SRR A HERF T 2 72D OMZED FEERNFIL, BIE, WERZREHA, WA T 7L —X
FI2IIA T — 4 (physical integrators or indicators) | AfCHY Y 1 A AHERE TR, B
Falli, BLRL—=72d5, (USP39 Il &5 i)

FFRICITM TR AR I A XA TR EVE T, FIFRSUIEREZ T2 L TCO—20 T IciEBE 8 A,
TR 7RI, BEOMTENCH T2 - TE, TR L > TR &V,
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