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PROPOSED REVISIONS TO GENERAL CHAPTER
STERILE PRODUCT PACKAGING—INTEGRITY EVALUATION <1207>
FEEE R D OE—C 7l <1207>
Stimuli articles do not necessarily reflect the policies of the USPC or the USP Council of Experts
USP Package Integrity Expert Panel: Dana M. Guazzo, Donald C. Singer, Marla Stevens-Riley,

David Walker, Lee E. Kirsch, Peter Buus, Ronald L. Mueller, Shu-chen Y. Chen, Ronald G. Forster,
Desmond G. Hunt, James P. Agalloco, James E. Akers, Mary G. Foster, and Michael N. Eakins?

ABSTRACT This Stimuli article provides an overview of package integrity testing for sterile
products, and presents the background for the extensive proposed revisions to general
chapter Sterile Product Packaging—Integrity Evaluation { 1207 ) . This revised chapter, now
subdivided into four general chapters (£ 1207}, Package Integrity and test Method Selection ¢
1207.1), Package Integrity Leak Test Technologies ¢ 1207.2), and Package Seal Quality Test

Methods { 1207.3}) is presented for public comment in this issue of the Pharmacopeial Forum.
This Stimuli article summarizes key research studies of the more traditional, probabilistic methods

of leak detection and compares them, when possible, to the less traditional, deterministic methods
such as pressure decay, vacuum decay, and tracer gas detection. In so doing, this article offers

perspective on the capabilities and applications of the available tests. The proposed set of £ 1207

) general chapters represents the joint efforts of the USP Microbiology Expert Committee and
the USP Packaging, Storage, and Distribution Expert Committee; the original draft was prepared

by the USP Packaging Integrity Expert Panel.
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+ Package Integrity and test Method Selection (ZEsz21 & it ko) <1207.1>

+ Package Integrity Leak Test Technologies (&#osz2tto v —2 #g#cn) <1207.2>

- Package Seal Quality Test Methods (Z7:& = — u.f; Zatge 7)) <1207.3>
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- INTRODUCTION (IZ U ®I2)

Extensive  revisions to  general  chapter Sterile  Product  Packaging—Integrity
Evaluation <1207> are presented for public comment in this issue of the Pharmacopeial Forum.
This proposal for public comment, subdivided into four related chapters (<1207>, <1207.1>,
<1207.2>, and <1207.3>), represents the combined efforts of the USP Microbiology Expert
Committee and the USP Packaging, Storage, and Distribution Expert Committee.

—fi% &% chapter @ Sterile Product Packaging—Integrity Evaluation (zgzuszs1) <1207>%, »X7 3 X
%3%\F % 72®12, Pharmacopeial Forum.® Z OIH (issue) ICHERT B (%), X7 A X %ZT5720DC
DIREIT. BET 3 4 5D chapters ( <1207>, <1207.1>, <1207.2>, ¥ X ¥ <1207.3> )icHEEh Tk
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Y . TUSP Microbiology Expert Committee | & [ USP Packaging, Storage, and Distribution Expert Committee |
DHFEDEREEZRL T 5,

* () o4 o0FEDOHMKIZ, UTOMEY TH 2, ¢

<{1207> Sterile Product Packaging — Integrity Evaluation (USP38-NF33 2S)
(EEERMEE — 2tk

<{1207. 1> Package Integrity and Test Method Selection [NEW] (USP38-NF33 2S)
(Banreatt & RBRTTTEDRIE)

<{1207.2> Package Integrity Leak Test Technologies [NEW] (USP38-NF33 2S)
(BE#TEatY — 7 R R)

<1207. 3> Package Seal Quality Test Methods [NEW] (USP38-NF33 2S)

(B — Vi BB T 1E)

This Stimuli article introduces the topic of package integrity from a historical point of view to
facilitate a clearer understanding of the direction for this proposed set of chapters. First, the article
provides an overview of major milestones in package integrity for pharmaceutical parenteral
products, starting with a large-scale package-integrity failure incident in the 1970s. This incident
led to a heightened awareness of package integrity and stimulated a series of guidances regarding
pertinent best practices. It was these guidances, cited in the text, which provided basis for the
proposed USP <1207> chapter set.

Z O Stimuli DOFfFETlX, 22 L7= Z d set of chapters D J5 a1k L 0 MR B R 2 K5 T 5720
2. DOFESLHIEL S D ELEETE M (package integrity) DEEEZFENT D, FTHIOIT, Z Difan TIE.
R ARG Grix i EEFz e OUETEEMEDOFE R~ A VA h—r () OBBlZER5,
T AU, 1970 FBRUTHEE Z o T KB 22 RO R B OMEN LI E 5, T OF L, BEEs
PEDEWBE LA Z L, WIERNA K« 7777 4 A (pertinent best practices) (24> 25— D A A 4
YRAEREST DL DORRE e oTe, TENOHHA XA (ZOTFAMIGIHLE) X, WERLER
Hi U722 @ USP <1207> @ chapter set DEfEZ 5.2 T3 HDTH %,

Second, the Panel understands the common tendency to rely on traditional leak test methods, such
as bubble emission, dye ingress, and microbial challenge test methods, as well as the lack of clarity
concerning the sensitivity of such methods, and the confusion that often occurs when attempting
to adopt other technologies. Therefore, the article summarizes findings from key research studies
using some of these more traditional probabilistic methods of leak detection. In several cases,
results are compared to data generated using less traditional deterministic methods, including
pressure decay, vacuum decay, and tracer gas detection test methods (see Appendix: Definitions).
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This background information is meant to provide perspective on the capabilities and applications
of such tests, and thereby allow for a more insightful review of the proposed general
chapters <1207>, <1207.1>, <1207.2>, and <1207.3>.

RIT, Panel RiF : < oifdi# fEH L 72 Expert Committee ?) (X, A7 U — 7 GBR 775 11T RIEFEAE (bubble
emission). (ABIR A (dyeingress). 35 X OMHZEYIF ¥ L ¥ (microbial challenge) 7% & DAGFRERY 72 V) — 7 A&
TEICH S 2 L oL@ OBFE 2R S, T Lic, 2D X5 RITEORKREICE D 2 K X
DR DG L | DT EORAZAAZGEIC LI LIRAEL 2RILOMELZITH 2 & 2ilA 5,
ZThzic, o, V=27 oBHIcBE L To% K Dt koERNFiEDOK O EFEHL o
FEBEMEREHNC OV, Z DR FEIHEZ BT 5, %00 DHEHITIE, Z DFER % ITLE (less traditional)
DRTEFFNTERFEHA L TR ONT — X LI L 72, & DUTLE (less traditional) D PEIE AT /715 1T 13,
JEJII8EE (pressure decay) . ELZZFEJREE (vacuumdecay). 35 X N b L —H — 7 A DFH (tracer gas detection) D &R
5777 (Appendix: Definitions % Zf) 233G %15, ZoERICED 21EHIZ. 2D X 5 HilbiokE
77 (capabilities) & FEAICOWTORBL 2T 2 L Z2EKRLTE O, 2N X > T, WERE AT
> - —ER OB <1207 >, <1207.1>, <1207.2>FH X U<1207.3>0D, kWA %Eb->TDOL
E = — (insightful review) % AJREICT 2D DTH B,

« PACKAGE INTEGRITY FAILURE OF THE EARLY 1970s
(1970 AR D a FE 522 ME D )

Parenteral-product package integrity made news headlines in the early 1970s when contaminated
intravenous (V) fluids packaged in glass bottles (typical at the time for such dosage forms) caused
an estimated 2,000 to 8,000 episodes of bloodstream infection, resulting in the deaths of about
10% of case patients. This tragedy was the largest and most lethal known outbreak of nosocomial
infection associated with widespread distribution of a contaminated medical product in the United
States (1). The ensuing investigation found that the suspect 1V packages had been closed using
aluminum screw caps fitted with newly designed elastomeric liners. At the end of terminal
sterilization, coolant water had wicked through the cap threads and remained trapped on the
elastomers’ surfaces. Product shipping, distribution, and later manipulation during routine hospital
use provided ample opportunity for contaminants in the trapped water, and on closure outer
surfaces, to enter the packages. The microorganisms responsible for the septicemia outbreaks were
traced back to contaminated autoclave coolant water as well as to IV solution product
manufacturing sites (2). This problem resulted in a nationwide total product recall (1) and
prompted the pharmaceutical industry to rethink package design and product manufacturing
processes (2, 3).
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JERRD (GEHTAD RSO EEESEL M (parenteral-product package integrity) (3. 1970 FER DD IT, = 2 — A~
vy F 74 ve LT, ThEH 7 284 (MR LTid, 2o X5 AR RN TH o 7) I
TEE X LT WER (intravenous(1V) fluids) 2375 H% X 41, H#EXE 2,000 ~ 8,000 fFoIMiiE % £ L. % DFRE
BHEOR 10% B E L7z, ZoBHEIF, KENCEH T 5759 L 72 FEI G O LI I B U 72 Bk
Bt (nosocomial infection) @D A2 DIb BN LMD T v F 7L A4 7 Thotz (1) o ZDERDOHE
TlE, bz IV (WR) Dwid, HicHKEt Iz IR b~— @it wtkossmm O 74 F
— (elastomericliners) ZHX D fH 727V I = 2827 ) 2y - v 7EFHL T, (FFRD) FAZEDR
INTDBDTH o7 Lo e, BAKIHRE DI TR TR F v v 7O LIy 2@ - T
AVIAB, ZDT T A2 —DKRHICE 7 v 7INTHK- 7, BFoHE, X, X2 0%DM
BecoHERAERIE, b T v 7S Wiz Kok o SMUIFH O 75 44 (contaminants) 23 E35 (packages)
FICAZ L DR Y RIEEEZRMT 2D TH 572, COMIMMAED 77 b 7L 4 2 (septicemia outbreaks)
DIEK & 72 o 7-WAEVIE. 2 00d IV IEREA o 8BLEREER IR L 72 1375w 0 & L, HICZ NG5
L7zt =1+ 7L —=T7D@HAKICIRE ST % & L BRA I N72(2), ofiEIZ. BN CKE) #HEoK
HAEL 70 L AU (total productrecall) (1) & AE & X4, BEIC I BRSERUIC CAEERET (package design) & B D
BETo v 2DOHELZRT DD LR o572(2,3).

- BEST PRACTICES GUIDANCES (RNARNF T 7T 4 A« A X R)

In 1983, the Parenteral Drug Association (PDA) Container Sealability Task Force issued Technical
Information Bulletin No. 4, Aspects of Container/Closure Integrity (4). This document outlined
“various physical and mechanical properties of a vial container/closure system which affect seal
integrity.” It also suggested “physical and/or microbiological testing approaches that could be
used to challenge seal integrity or demonstrate that a seal has been achieved and is maintained
over the life of the container.” The Bulletin included brief definitions of physical leak tests,
namely vacuum retention, vacuum chamber, internal pressure, dye immersion, and seal force tests,
thus reflecting the package-testing choices known at the time. For instance, in 1978, sealing force
was already employed as a parenteral vial package-seal quality check (5). And as early as 1956,
the risks posed by subvisible capillary defects in poorly sealed and cracked ampoule tips were
reported. The abilities of physical methods to find such defects were compared and reported as
well. The tests investigated included dye ingress tests coupled with differential pressure and
autoclave challenge conditions (6, 7); liquid ingress tests employing radionuclides tracers (8); and
high-frequency spark tests of helium-flooded test samples (9).

1983 4FI | Parenteral Drug Association (PDA) @ Container Sealability Task Force (% Technical Information
Bulletin No. 4, Aspects of Container/Closure Integrity (4)% %17 L 72o ZOXE(Z, “v— D2
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BrbG 254 T VORE/OTEME Y X T L0k 2 LY)HE B X OFMHY 2 8 2 8 L 7-
bDTHolz, TOXEIFEL, “V—NOREEWEEF v LY I T2, HEVIFT—APERL T
5T L EFEHT % & 2 AW WAEY AN BB T e —F L. ZoFGOEMAM (ife) 1<
Do TOMREINT VWL Z E“DRE L7z, 20 Bulletin (X, ¥ — 7Bk, Fric, WTEE
REFE (vacuum retention), JHE T+ ¥ 2 — (vacuum chamber), PNHERFE (internal pressure) . 3 3RIRZE (dye immersion).
¥ =] (sealforce) DREDRAERLZ TR L THY, 2 A2, ZORETHIb Tz -5
BRI % KL 72 b DTH o7z, HilZ1F, 1987 FFIT, ¥ —J] (sealforce) 1. FEFEOI DA T oL
- — VB F = v 7 (parenteral vial package-seal quality check) & L TR 1T\ 72(5), % L T 1956 4F
DEIBERCKGHE T, = ADBAT T 0277y 7% LT ¥V 7 VF v 7 (poorly sealed and cracked
ampouletips) T, HETIXRZ 72\ X 5 2 BMIERD KIE (subvisible capillary defects) 23783 U R 7 3R &
NTwd, 20 X5 aXEHKRT 2V TEORNBIIEI N, oG s I, kS
Nz Z0illfild, RODDEEALTYD, ¢

CBEEOES A - 2L =T F x Ly UGB G DY T RIS, 7)

* TEHTERATE (radionuclides) @D b L — 3 — 23 2 i AREEHAER@B) LU

+ helium-flooded test samples @ high-frequency spark tests (9)

As mentioned, the PDA Bulletin No. 4 also included “microbiological challenge of media filled
containers” as a package-integrity testing alternative, employing challenge-condition options
described as “static aerosol, static immersion, static ambient and dynamic immersion” (4). Just as
with the physical methods listed, these microbiological test methods represented generally known
testing concepts. A year prior to the Bulletin, microbial challenge tests were publicized as a means
for large-scale vial package-integrity verification (10). The microbial challenge test by immersion
was eventually adopted by many in the pharmaceutical industry and was accepted by
pharmaceutical regulatory agencies as an unofficial standard for verifying the integrity of sterile
product-package systems.

K L7-X51c, PDABulletinNo.4 b ¥ 7=, TEETERMEAERDZEE (package-integrity testing alternative) & L
T, “Bf T T ' — )b (static aerosol) . BRIJIRIE (static immersion). FRAYVERIE (static ambient ) 35 X DBEHIIRIE

(dynamicimmersion) "% CFE L TH D, TN H 1T “WHREBER COMEYFTF v L ¥ ¥ (microbiological
challenge of media filled containers) ” &R~ HNTWEF ¥ L Vv VEFo A7y a v LTERHEINS DT
Hole(@)e VAP INTLIYHRTIELFEL (. 200 OWAEYEREBTTEIX, —RIICH S
NTVEHERa Y27 P 2R L72bDTH o7, £ D Bulletin 27T XN B RTDOHEIC, KMD A7
VL3558 M DTfERR. (package-integrity verification) D J7 ik & L CAEY T v L v VBRI A0 FKR & 1172 (10),
CDBRBIEIC X D MEYF + L > 2 75k (microbial challenge test) (3. HASHYIC, BISKZER D% { CEH
I, BEBUN-CES X T LD RN T 5 720 DIENHK DIEAE (unofficial standard) & L T, [E3K
r LIS R X 0 B S iz,
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In 1998, the PDA published the PDA Pharmaceutical Package Integrity Technical Report No. 27,
providing an exhaustive listing of various physicochemical and microbiological challenge test
methods useful for package-integrity testing, plus guidance on test method selection and
validation. The Report recommended validation of physicochemical leak test methods by a direct
comparison to a microbial ingress test performed in parallel, or by an indirect comparison to
microbial ingress data found in the published literature (11).

1998 4 IC, PDA (3 PDA Pharmaceutical Package Integrity Technical Report No. 27 Z /AR L 72, T 4Ll
AR I H 2 S E oY AR B X OBEYEN 7 v L v ViRBRTE O MER 72 Y R b
ZH5ATEY, ZNCMA THEBRGEDEREANY T =2 a VILODWTOHNA XY R 52 Tnd,
Z @ Technical Report No. 27 (%, WifT L CTiTh i 2 AEYIRERA & OERENZEICE D, H50»
IARI N RIS O N D AEYNRRIE T — 2 Ioxf 37 2 MM R I X > <, PR ) — 73
Bjiic k20 75— a v ERHEREL Twiz(11),

* TRADITIONAL VERSUS MORE RECENT LEAK TEST METHODS
(s s s b Z<kifD ) — 7 R BRITE)

Over time, published research has shown that optimized microbiological immersion challenge
tests can be quite sensitive, able to detect leakage pathways the size of a single microorganism.
However, studies have also shown that such tests lack reliability, often missing leaks that could
compromise product sterility (12—-14). Research has also indicated that microbial ingress tests by
aerosol challenge are even less reliable and more insensitive, with significant risks of generating
false-positive results (i.e., failure of non-leaking packages) (15—-17). Conversely, published studies
have proved that nonporous pharmaceutical package integrity can be quantified in gas leakage
rate units, enabling direct as well as indirect assessments of package microbial ingress risk. This
has helped to establish a better understanding of physicochemical leak test methods’ capabilities,
as well as the probabilistic nature of microorganism ingress into packaging systems (12-14, 18).

REfElfd & e, AR I NI, REL I NMEYRET v L v VBT, R THEB (quite
sensitive) 72D DTH Y | H—DIEYI D Y 4 X DIRIALEE (leakage pathways) DRI T[EETH 5 Z L %
Ml7ze L2 Lo, JECTIEZ ORAERILE 72, BN Gelavity) 23K THH ., BGHOM
WHEEZELZS X522V =23, LIFLIFBHZRT LRI N~ (12-14) . Tz EA, =7
V= F v L v I X B AEYHE ANGER (microbial ingress tests by aerosol challenge) 1% 15 FETE DM < 2> D §ifL
PSR AT (moreinsensitive) TE D 220, FRGHAER (faise-positiveresults) (F7xb b, U — 27 oLt s
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REALT2) 2 FBEIRBZERRY) X7 %2FHoTw3E 2 LRI NE (15-17) , FR & IDHIC,
CORRINZFETIE, /7 VK =7 & (nonporous) 72 EFE D alZE5E 2N, HAD Y — 7 M HIE
YEE (gas leakage rate units) T PTEEHliARIBETH 5 2 & BAFL 72, THICK Y, WS OME
YHEANY X7 DEEE X OCHEN RGHER A EE & 7o 72, ZHid. T3S X7 L (packaging systems)
DEYI DR A DRERN 78 (probabilistic nature) & o, ¥BULFAN Y — 7 BRI EORES D
LY RWHEOWESLZB)T 5D TH -7 (12-14,18) ,

Today, packaging science and test methodologies continue to evolve, delivering better tools that
enable a more complete evaluation of package integrity in several contexts: during package
qualification research; as part of product stability studies; and in support of commercial product
manufacturing operations. In addition, the approaches used for validating leak test methods are
changing. Given the variety of reliable and sensitive physicochemical package leak tests and
package-seal quality tests available today, the proposed USP general chapter set ¢ 1207} stresses
the importance of utilizing validated and appropriately sensitive physicochemical leak test
methods for definitive package-integrity testing. Because of the pitfalls associated with microbial
challenge tests, this proposed chapter set recommends validation of physicochemical leak test
methods solely on the basis of a direct demonstration of method detection limit, accuracy, and
precision, using appropriate positive and negative controls, without incorporating microbial
challenge comparisons. When microbiological challenge tests are the method of choice for
package integrity verification, validation of such challenge tests must demonstrate the detection
limit, accuracy, and precision of the test method in probabilistic terms, for example, by using a
sufficiently large number of carefully designed positive and negative controls as part of a
rigorously designed and controlled test to accurately estimate failure rates (e.g., microbial ingress)
in the presence of inherently large biological variation.

S H. TWERE (packaging science) & AABRIE D T EER TR 2R T TH V. XD X5 fdETH, @k
SEME (package integrity) D, X D SERLFHEIZEEE T ALV RWY =25 2T CTnw5, ¢
- CEE D E RS AT FE % 38 U C (during package qualification research)

- B EMFE D —ER L L T (as part of product stability studies) 5 5 & O

- TTHRELF O BLEEFE D EAF & L T (in support of commercial product manufacturing operations) o
Hio, V23BN F— T30 ilTs7 Fu—FaEHI o255, SHTIR
(A B ) SR IIIL R3S ) — 2 SR X O — L S LR (package seal qualityests) 35
FREL o T2 A5, T OHREL T % USP general chapter set <1207> 13, &b EfEO BT 3

(definitive) TLEE-TERMAIRD 72010, N Y 77— b Iho, @IEREEZ S OV B AR ) — 7 35k

TiExRMMT 2 2 L OBEEWERIAL 72\, BEMT v L v UHEBRICBAD 298 & LI (itfalls) D 728
IC. T @ proposed chapter set 13, M F v L v P L OHERIL Y AL Z L L IC, #Y)RBIER X

FRRICII 938N, BB 24 7 1283, FOUREXZERT 27200 HLICT E T HA,
GO & N2 NA DAL M 21 TE 217 5 Bie ik, 3 EIC X o TL & 0,
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OV MEXT R (appropriate positive and negative controls) % f#iH L T, /FiEDBHIFR AL (detection limit) . ELEE (accuracy)
B X OKEE (precision) DEFENRFEHICEE DS W TR, BLEN R Y — 7B HiEONNY) F—v 3 v
179 T L R T 2, MUEVIFERI T v L v VBN, WETERMEDRY 7 4 7 — ¥ 2 ¥ (verfication)
DI=DIFERL 2 7ETH KT, 2D X5 ed v L v Uilbild, MR 2 HEE % ol ik
DIRHBRFL (detection limit) . FLE (accuracy) 35 & KSR (precision) % AEBH L 72 1 4LIX 72 & 7\ B 213,
AR E R EVHEEBOFE T CREAE (B ZX, MEVDRA) ZIEMICHEE S 57291, it
et I NEB I W H o~ L LT, FEECKEI S 0 BESs L oo 47K
ERBEMHLCINET)RETH 2,

Historically, package-integrity testing approaches that incorporate a microbial or tracer-liquid
(e.g., dye) challenge, or tests that detect bubble emission, have been relied upon for package
integrity verification. There are advantages to using such methods, and indeed, such tests can
provide invaluable insight into package integrity. However, because they are probabilistic in
nature, the capabilities of these methods are often misunderstood, or are unknown. Attempts to
understand these approaches are complicated by the myriad experimental designs that can be used.
The following summarizes key published research that has investigated the accuracy, precision,
and limit of detection for specific leak test methods deemed to be probabilistic (in the proposed
chapter <1207> revision), namely, microbial challenge, tracer liquid, and bubble emission leak
test methods. In some studies, findings generated using probabilistic methods were compared to
data obtained via deterministic leak test methods, including pressure decay, vacuum decay, and
tracer gas leak detection. Research is presented in order of publication date. After this section of
research summaries is a section that highlights these findings, which are grouped according to the
specific probabilistic testing approach. Leakage rates reported for the various research studies are
those stated in the original text.

JERHC AR, MAEMF v L v Y, BEviE L —F =i Bz iFEH) Friovd, b LR
THDFAE (bubbleemission) % 9 2 HER M HFA S W C 2@ e o7 7n — 513, G5
BYEDRY 7 47— 3 ¥ (package integrity verification) D FIEICIRE STz, 2D X 5 )7k %A
TR EMBEEPFELTHY., 20 X5 aElluid, Mol <, 3282 G5
(invaluableinsight) # 5-2 2 Z E Sk 2, L LA b, ZNOPMERNEE 2> Cn3720Ic, %
NOOJTEDORNTILIILIEEMEINE . HE2VERAIODDER>TWVE, TNLDT 71—
F MRS 2Rk, AT 2 2 LR 2 RO ERGTHAES b EeSHE#LR D O
o TCLEILUTICHBRZHIHIT FFED Y — 7 BRI D T DEJE (accuracy) . A (precision) |
B X OBHEIRA (detection limit) ZFHE L 72 FEANRFADHAONEZER LIzbDTHL, Th
LDV — 7R T FRC. A F L vyl P L =P =l BLORIEFED ) — 7RI
B L T (the proposed chapter <1207> (ERKICEWT) I, MERHE 2oL > icBbns, ¥o»

FRRICII 938N, BB 24 7 1283, FOUREXZERT 27200 HLICT E T HA,
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DFFETIX. MR ITEZMHEHL TS O MR BER (findings) % . PRIEFHY 72 U — 27 alBR 7%

(deterministic leak test methods) 1 X DG HLN7-T — X L LB L 72, Z oPEmmiy ) — 7 #Ba753cid, &
JTIEEE (pressure decay) s ELZEFEJHE (vacuumdecay) 35 K I8, b L —H —H X (tracergas) I L % U — 7 H A
GEND, WEDOHIZ, MIEOARHOIEICIER I T2, MIRENDO DR 7 v aviE, Zhb
DIFFEEK R ZETE (findings) D4 7 4+ &8 L 721210, Z ORERIEER T 7' 17 — F (probabilistic testing approach)
K> T, ZNOZ 7 NA—THIF L TITL . BRA FE s S 7z ) — 27 3 (leakagerates) 1. %
DAY L FALDTFRAMTBRROENTWMETH %,

* RESEARCH STUDY SUMMARIES  (#F9EA& D ZEKY)

Study1 (Zf1)

Differential pressure decay vs. tracer liquid vs. bubble emission vs. microbial immersion
challenge (14, 19):

[ZEEE] o [hr—3—@®] xf  [5GaFE] o [UEYRETF v v v Y] (14, 19):

Test packages were stainless steel mock-vial fixtures closed with polymer-coated, 20-mm
elastomeric closures. Leakage past the closure/vial interface was checked at various closure
compression levels. For samples demonstrating gas leakage greater than log —5 Pa - m%/s
(measured at 3 psi differential pressure), liquid leakage always occurred (copper ion tracer in
water detected by atomic absorption). Bubble emission was consistently observed for leakage
rates larger than about log —6 Pa - m%/s, and the bubbling rate increased with the gas leak
rate. Pseudomonas aeruginosa ingress across the vial/closure interface of these same samples
occurred only sporadically, bearing no relation to gas flow rate.

RERFH O@EEL, AT L ZAROFE-/3A T )L DB B (stainless steel mock-vial fixtures) T Y . KU ~—T
a— kL7, 20mm OTTA M~ —DRNBEINTZLDOTHoT, /34 TLO 5 HE % @i 5 I
&, e RBOWEL VL TF =y 7 Uiz, BIZIEHTADIRIL, log—5Pa-m¥s LA (3psi D
ZEECHIE) 23R 4L, IRIROIRIRITFICA Ul OKB oA 4o b b—4—1%, Rk X
DR L), RIOFREAT, HIZ, £ log —6 Pa - m3fs UL EIC K& ARiRBGEENBIZER Sh-, L
T, K[JAOREREIL, TAOV =T HENKEL DL BITHR L, ZRERTY T LD
AT v e OB E % RiY] > T O Pseudomonas aeruginosa (i : Vb s i) DR AL, B
\Z (sporadically) DAFEA L, T ADFEIE (gasflowrate) & 1LEIFR Lo 7z,

Study2 (ZFf] 2)
Tracer gas vs. tracer liquid vs. microbial immersion challenge (12, 20, 21):

FRRICII 938N, BB 24 7 1283, FOUREXZERT 27200 HLICT E T HA,
GO & N2 NA DAL M 21 TE 217 5 Bie ik, 3 EIC X o TL & 0,
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(hr—F—Hz] 5 Thr—F—@] N [BEREF YY) (12,20, 21):

Parenteral vials with glass micropipette orifice leaks were used as test samples. Tracer liquid
ingress (magnesium ion tracer added to the microbial challenge media, detected by atomic
absorption) as well as microbial ingress (B. diminuta plus E. coli) occurred for 28 of the 29
pipettes tested that had 8-pum diameter tips (leak rate of log —1.9 to log —1.3 stdcm?/s). At a
helium leak rate of about log —4 stdcm?®/s (micropipette orifice about 1 um in size), the probability
of liquid leakage was about 50%, whereas the likelihood of microbial ingress was about 20%. No
microbial entry occurred for those leaks smaller than about 0.3 pm (about log —5.8 stdcm?®/s). No
microbial ingress occurred in the absence of liquid in the leak path, despite defect size and the
severe challenge conditions employed.

AIRABMD<A 7By b OF Y 74 A0 Y =27 & HoIERO GEFD A4 T A%, BB v
Tl LA L 72, 4 (B diminuta 77 X E.coli) DRZARZGERD Z & TH2Z28, FL—HiK
DEA BUEYF v 1L v PO, ~ 73T A AF VD L—F =%z BT LD
B L7) 1, 20O~y bRT28 Exy MELE, ChbDE<y ML, 8um OEED T v
TERFEODDTH o7 () —278EEIL, log—1.9 ~ log —1.3stdem3/s), ~ VU 7 L D#J log —4 stdem?/s
DY — 27 #E (micropipette orifice (X, #J1pm OKRZX ) T, WFEDORHEOMHERIZH) 50% TH - 7=
3, AV DRA D AHEMEIR . # 20% T H - 7z, BEEVI DR A (microbialentry) 13 #70.3um  (#7 log —
5.8stdem¥/s) & D b/NE Y — 2 THEU b ot KM Gk wamorA) ORI 5% 4 X (defectsize)

ERELWTF v L v VS (severe challenge conditions) % fliH L7212 HBH &3, U — 7 BRI IR FAAE
LawBaid, MEMORAMRE d o 7z,

Study 3 (&1 3)
Tracer liquid vs. microbial immersion challenge (22):

[FL—%—¥] N [BEYEEFYL VY] (22

Test samples consisted of 5-mL vials filled with 3 mL of liquid, breached with polyimide-coated
glass microtubes 3 cm long, ranging in diameter from 2 to 75 um. Ingress of tracer liquid (red dye
with surfactant detected by spectrophotometry) into water-filled vials was compared with E.
coli ingress into broth-filled vials. Test challenge conditions followed 1SO 8362-2, employing no
means to optimize test conditions. The two methods were found to be equally sensitive: 100% of
20-um tubes leaked; about 50% of 10-pum tubes leaked; and no leakage was noted for tubes that
were 5 um or less.

BRI IZ 330R, B, 2 A T IRV E T, FOUREX BT 2 20O HLICT E ¢ A,
B X N NE DI IR ATE 2 17 5 51k, B9 RS X o T 223wy,



Pharmacopeial Forum, 40 (5), Nov.-Oct., 2014. Stimuli to the Revision Process: PROPOSED REVISIONS TO Y
GENERAL CHAPTER : PROPOSED REVISIONS TO GENERAL CHAPTER STERILE PRODUCT PACKAGING I_Ifesl.‘-ll!lltlil

— INTEGRITY EVALUATION <1207> ( fEEEE LD EFZ—ZLMHEFT <1207>) Page 13 of 24 pages

Ay 7 iE, A3 mLEFRE L5 MLABDASNATATHY, BT 3cm T, EEP2 ~
75 um D HiPH D polyimide-coated glass microtubes DFE % F52b DTH 5, K-FHEANA TA~D + L
— %= (REVEERIOA o 72/, LI ciil32) o A%, 74 2 V-5l g
TA~DE. coli DIRA LWL 72, 3B F v L v V%ML, 1S0 8362-2 ICfiE- b D TH Y, ik
Bt b+ 27200 FEIIFEHL TV, 202005k E. F%ERRE 2> 2 & 23
D726 1 20-um D F 2 — T ZFFOH DI 100% GRiE: 280 Y — 27 % L7z, 5 10-um tubes D #J 50%
WY =27 L7 ZLT5um AT D tubes TIXV — 27 B3R o720 o 72,

Study 4 (ZFfl4)
Liquid flow vs. microbial aerosol challenge (16):
o] X MEMT YV —rF L Y] (16):

Glass vials (3-mL size) were encased in a glass water jacket. Each vial contained liquid media and
was fixed through the stopper with a nickel microtube 7 mm long, ranging in diameter from 2 to
50 um. Vials were challenged with aerosolized Pseudomonas fragi organisms. The individual test
cell’s pressure, vacuum, and temperature conditions were kept at various predetermined levels
during the aerosol challenge. While the vials were under test conditions that ensured liquid media
flow into and through the microtubes, microbial growth was possible in the 5-pum-tubed cells, but
not in the 2-pum-tubed cells. Yet at ambient pressure conditions, with little liquid flow into the
microtubes, only two of nine 50-um-tubed cells showed growth. There was no statistically
significant difference in the threshold leak size at which liquid flow into and through leaks started
or the critical size at which loss of microbial ingress occurred (p > 0.05).

HI7AMDOKHADY ¥ 7y Mo, BT AEANL T BmLAER) 2 AN, KA TOICITRIKE:
Hha AdL, i CHEE L 72, 20X, = v 7 A8 microtube (7 mm R X, EE2 ~ 50um )
BHROATFCHE, 2D 4 TA%E, =T /=1L L 7z Pseudomonas fragi D TF v L v ¥ L 7z,
IT7YV—=AFr Lyl ik OiEETO cells Guik: ~7402) DT, B2, b X ONRESRMG
X, POEDZ LI L7z, 2 b D84 T, microtubes %3l U C DHRETH D JiE 4L 25
AN DELETICHE W22, MY D4R 13 5-um-tubed cells TIXR[EETH - 7225, 2-um-tubed cells
TEHMEDOEELR SN d 572, microtubes FICIEDL RN H % X 5 FEHKR DL

(ambient pressure) Z&F T TH o ThH,. 9 DD 50-um-tubed cells 2 DBHDER EZR L 72D E 7«
MPotze V=0 ~DWERDTNBIRE LD Y — 273 A XOEE ., MEYDORALEL o720
— 73 A XEEE ORIC, MEHAERBFEEL A2 o7, (p> 0.05), GREE: o TSR Lokt
WETH D)

FRRICII 938N, BB 24 7 1283, FOUREXZERT 27200 HLICT E T HA,
GO & N2 NA DAL M 21 TE 217 5 Bie ik, 3 EIC X o TL & 0,
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Study5 (Z415)
Tracer gas vs. microbial immersion challenge (13):
[P —F—HZR] XN [HEHREFrYL Y] (13):

A special vial fixture was used as the test packaging system. Defects included metal discs with
laser-drilled holes attached to the vial closure, and wires compressed between the closure and the
vial’s sealing surface. Microbial ingress by immersion occurred 20% of the time for holes 4 um
in diameter (helium leak rate of 6.1 x 10— mbarL/s), 30% for 8-um holes (2.8 x 10—2 mbarL/s),
and 90% for 15-um holes (9.3 x 10—2 mbarL/s). No ingress occurred for holes that were 2 um
and smaller. Ingress risk for wire-defect packages varied depending on whether closures were
applied manually or by machine. Manually applied closures first allowed ingress with wires 20
um wide; ingress occurred 75% of the time (2.8 x 10—° mbarL/s). Ingress occurred 100% of the
time with manually applied wires 28 pm wide (1.1 x 10—* mbarL/s). Machine-applied closures
first allowed ingress with 20-pum wires, which occurred 35% of the time (2.2 x 10—° mbarL/s),
and eventually 100% failure rates were reported using wires 60 pm wide (5.3 x 10—23 mbarL/s).

BRI > X 7 L (test packaging system) & L C. Fifll7 N4 T DB (special vial fixture) % H L
T2 K& LT, NT A LDIRITZET 72 laser-drilled holes GRit : v—#—ick 3 FU v oil) & b D&EEl
TARZE AN TADY =) v TORBDOBICERBAATET — ¥ — (wires) GRUE : @ 2 FHEHD
&fF) REETh vz, BERIC L 2MEVMOREAIZ, EE 4pum OFL (helium leak rate of 6.1 x 10—
SmbarL/s) D TiE 20% T, 8-um DFL (2.8 x 10—2 mbarl/s) T 30%. % L T 15-um D fL (9.3x10
—2mbarL/s) T 90% & 7257z, — . 2um LT Db 0 Tid, MEYMDRAITR L ixd -7z, wire-
defect packages (7 4 ¥ =238k % o 7 RECO@EEN) X, ZOBRE ADFIC X 5T (manually) 1T 72
23, BHDLVGIIHEIC X > T T o I X o T, ZEB R b sz, ADOFIC K 24TH1E, &=FIIC 20 um
wide D7 4 ¥ —T, MEVDORAZIF LTz, 5 TOEE (2.8 x 10—° mbarl/s) Tlx. MEM DR AIZ
75% T4 U7z, 28 pm wide (1.1 x 10—* mbarL/s) %, ADFIC X W EEAAA 2 A 1E, 100% GRiF :

BH) DIRADE U7z B TR L 72 D D Id, 20-umwires % $kAAA 72 O T, (2.2 x 10—° mbarL/s)
DIGE T, 3BUNDEDIRAE L 72, wires60 pm 1 (5.3 x 10—3 mbarL/s) T, RIEHTIC 100% DAHA
M (failure rates) % 42 U 72,

Study 6 (&1 5)
Tracer liquid vs. vacuum decay (23, 24) :
FL—3—& N EZEEREE (23 24):

Test packages were 1-mL, water-filled glass syringes, each with a single laser-drilled hole in the
barrel wall ranging in nominal diameter from about 5 to 15 um. Vacuum decay was performed at

BRI IZ 330R, B, 2 A T IRV E T, FOUREX BT 2 20O HLICT E ¢ A,
B X N NE DI IR ATE 2 17 5 51k, B9 RS X o T 223wy,
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optimum conditions established as per ASTM F2338. Vacuum decay was able to reliably detect
all positive controls with holes at least 5 pim in nominal diameter; no negative controls were falsely
rejected.

AERFH D packages (2. 1-mL D/KFHEDH 7 28 Y v THotz, TnZnid, ~SLL (barrel) @
BEICAFRILEE (nominal diameter) ¥ 5 ~ 15 um O #iFHD, Hi—7x laser-drilled hole i< X 2 fLZBAJ 72 &
DTH 5, HEEDHE (vacumdecay) 13, ASTMF2338 IZ X 0 i3, & -l cftbh iz, HZE
JEIE X, AMILER D7 TH 5um OfLz b D4 T DGR (positive controls) 12D\ T DFHEM:
DH LB ARETH o 72, 5 FEHEXTHE (negative controls) 2352 o TAES & 1X 72 & 7r o 77,

Methylene blue dye-leak tests were performed using test parameters defined by the USP/Ph. Eur.
and also using the ISO punctured-closure self-sealing dye ingress test method. Leakage was
detected by visual inspection performed by multiple operators, at multiple locations with a variety
of inspection conditions. Inspection test conditions affected the operators’ ability to correctly
identify samples with dye, and operator ability varied. No compendial (USP/Ph. Eur.) or ISO dye
ingress test method provided challenge conditions adequate to ensure dye ingress and visual
detection of all “with-hole” test samples. The magnitude of dye ingress was visibly inconsistent
among test samples within any given hole-size population group. The USP/Ph. Eur. method failed
to find all defects of any size, including the largest, 15-pum defects. The 1SO method found all 15-
um defects, but not all smaller defects. Then the test conditions were subsequently modified by
exerting lower pressure (greater vacuum). Modified methods allowed detection of all 10-um and
larger defects by the USP/Ph. Eur. method, and all 5-um and larger defects by the 1ISO method,
however, some risk of falsely identifying negative controls as leaking was noted in both cases.

AFLyITA—BRICED Y — 2732, USP/PhiCX > THEIN AT XA =2 TRER YT X —
2R L Citbiiz, 72, 1SO @ punctured-closure self-sealing dye ingress test method (fL% B 7-12
o [ O I3 5 @R ARB ) 2T L CHEBRATDO Nz, TN (eakage) 1. FRA iRESM %
WE L 7B oG T, EEROMAERICK > CHEMRAE TR L 72, BAEORERSM . BRI
ALYy TV ERIELKFRET 2 2 Lic T 2MEBDRNICGHE 252, »OMEHDREN DA
L7z, ANFEE (USPPh. Eur) & %\ 3 ISO o aFEEARETEZ. 2T D “with-hole” (7L% %)
REY vy Lo EREFEAEBEICE 2B ZRGET 27200 5 F ¥ L v O EREL T
WV, BREAOKE X (BHE) 1T, G200 0TROEEFEFOEN (holesize population) P D F-ER 4
YIZNUEICOWT, BHETOBEICK 2RY . ZDIREIC—E M3 572, USP/Ph. Euritlt.

R AKER 15-um ORMEEED, WA 2 KE S0, ETCoOXRMERSF 2 2 LAHFKRD - 72,
ISO £, 15-pym DR E X o2 TORAEZFHEATE 7225, Id/NE Rl Grit: 44 ot L)

DWFTNDBRINTE o7z, ZDD BESEFIZZ 0FIC, KRWES (X0 EWEZER) 22

FRRICII 938N, BB 24 7 1283, FOUREXZERT 27200 HLICT E T HA,
GO & N2 NA DAL M 21 TE 217 5 Bie ik, 3 EIC X o TL & 0,
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I3 Xy icsEI NS, ZoUEINFEIX, USP,Ph. Eur. method 7&IC X 24 To 10-um LAk
DG E . 1SO method I X 22 TD 5-um ML Eo RO #A[gEE Lz, s L2 Ladib, UV —7
(leaking) D & 9 ZRFEMN A Z B> THTE T2 L vwotz, 0D ) 2271, fMhoB&aicd Rohi,

* FINDINGS PER TEST APPROACH GABR7T 7' —FIZB L TOX D & HIH)

Microbial Challenge Tests (#8495 v L > ViklR)

The studies highlighted below (which correspond in number to the six studies already described
under Research Study Summaries) demonstrate that microbial ingress test results are largely
dependent on the defect used (type, size, material, manner of preparation), and on liquid presence
within the leak path. Even under optimum conditions, ingress was consistent only when using the
largest defect size studied. This shows that microbial challenge tests are limited in their ability to

identify smaller-size leaks that could potentially allow microbial ingress.

PLFIZANA 74 K LEZfE (2B OFf#& 1L, Research Study Summaries (A2 # 24 D Z5#7) 129 TlZ
WARTZZ D6 DOPFEITAHL T HHDTH D) 1E, WEWOR AR RS, AT DKM (247 &
AR, ME (=7 V7). 1ERTE) &L U — 78R (eakpath) WOWRIKDIFAEICKRE KGFTHZ
LaFE LT, BESRMFTICBN TS 2, WORANTFHEZ LI RO RN A X2 Lche
TOIH, —EEIl-, ZOZ LIE, BEMTF ¥ Lo VBN, MAEMDRAD A EEEZFFONE L7
W, RONS YA R eFO) = ZRET DLV IRIBPESINND I LEZRLTWND,

Study 1 (41 1)
Microbial ingress first began to occur at lower closure compression levels that also permitted
liquid leakage. Ingress was sporadic for lower-compression at-risk samples.

WAEDEANIZ, PN, WIKDO ) — 27 %33 X 5 7. L DKW OIEL <L (lower closure compression
levels) TH U7z, WORAIL., EHIEOBIENICER Y v 7 (lower-compression at-risk samples) 1Z & L
TIEEFERITH > 72,

Study 2 (il 2)

Microbial ingress never occurred if liquid was absent within the micropipette defects. Significant
effort was required to ensure liquid presence in the pipettes. With liquid presence, ingress risk
increased as a function of pipette diameter (first ingress occurred at about 0.3-um diameter);
ingress was not guaranteed, even for larger pipettes 8 um wide.

FRRICII 938N, BB 24 7 1283, FOUREXZERT 27200 HLICT E T HA,
GO & N2 NA DAL M 21 TE 217 5 Bie ik, 3 EIC X o TL & 0,
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~A7vexy FORMEOFICH LIRIEDPTFE L Z0EEIE, MEYORAR, RLTEL A2
7o Xy FNICHIAPEET 5 2 L OMRAEICIE, KEABNBRLEL SN D, WEKDTFEET, WD
RAVRAZE, ©_y P OEFZOBEE L THAT 2 (BVIORAIR, BEFEK 0.3-um TIhE %) 5 8
UM ORKZIDRBOEy FTH-ThH, MEMDRAIZ, RIES N0 o 72 Gk : kDo AR
RS AP >7)0

Study 3 (Z41 3)
Microbial ingress risk correlated with the diameter of lengthy microtube defects. First ingress
occurred with 10-pum tubes, about 50% of the time. No effort was made to optimize test conditions.

WAEVDORAY 2713, KD~ A 71 F 2—7 (lengthy microtube) O KD ERE & B# 2 H - 72,
BAIDOW DR AL 10-pym O F 2 — 7 TR Y, Z DR THI 50% T H - 7z, illifigelf % mdfl 3 2
B fTbNIRd > 72,

Study 4 (554 4)

Microbial ingress by aerosol challenge was largely dependent on the presence of liquid media
within the microtube defects. With media present, first ingress occurred with tubes 5 um wide.
Without liquid media, even 50-um tubes were not likely to allow ingress.

ITV=ANF ¥ L VvV XBMEYDRAIZ, 4 7 vF 2 — 712 X B RIGONER ISR
ET D, Lanwhr T, KEAEGEI N, BEHPHFEET 5L, BYIES5uMOKREIDF 2 —7 T
HDORADE L7z, IR A > TR WEEIX, 50-um OKE X DF 2 —7TH->THEDIR
ANFEZ B0 7,

Study 5 (Z4 5)

Microbial ingress by immersion was a function of defect type and size and package preparation
techniques. Using laser-drilled metal discs as defects, ingress first occurred with holes 4 um wide
20% of the time. Using wires between the closure/vial interface, manually capped packages first
allowed ingress with 20-um-wide wires 75% of the time. If automatically capped, the same wires
were associated with leakage 35% of the time. The helium leak rates of holes that first allowed
microbial ingress were several logs lower than helium leak rates with wires that first allowed
ingress.

BEICIZEOEAL. Rgo 24 7 kx X b, GEEMEEELT (package preparation techniques) @ BE%L
&l o7z, RIa& LT laser-drilled metal discs Z 32 &, ®m#IIZRZ X 4um OFLCTH DR A DA
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Y. ZOKRFR T 20% DEHDIRADIR I NIz, 18/ 84 T A DRI ARIAA 72 wires % 3
28, RYIDERAIZ20-um DRKZE I TIHI V., ZORFECTCORDEAIZT5%TH 72, L HENN
I R ek F X v TR LeANTANZHHT 2 &, [ wires T, ZDEEICIE 35%D Y —7
E ol WEMD B DIEANZZL L 729L (holes) D~V 7 LHZAD Y — 7 HFE 1T, DR %R
7P L7z wires TO~NY 7 LD Y — 73 X D D EL log (K2 > 72,

Tracer Liquid Tests  ( ~ L—4—jkaklR)

The following highlighted studies show that the results of tracer-liquid leak tests depend on the
defect type and size, test conditions (time/pressure), tracer type, and method used for tracer
detection. With optimum test conditions and tracer type, as well as sensitive detection tools, tracer
liquid is able to find smaller leaks. However, a risk of false-positive results remains, particularly
near the method’s limit of detection, and is linked to analyst skill and technique.

DA~ A4 74 P LERAER. PL—3—RY — 7B REL, R0 x4 7L K& X, HBEg%
e (KL ESD, PL—%—D x4 7 BXUV L —H— OO 7= Il L 72 5iEICRES 3
L ER LT, BBy —LTh b 3 TamTd 205, bk I hzikbigfbe bL—3—
DEATT, PL—P—WIFLV/NS R -7 %2BRHT L2 LHBARETH L, LELAEDVD, KT,
W TEDOBRIHRET  Tid, MEMREROY 227250, DWW EDZAFL @) T 27 =y 7R
BlboTK %,

Study1 (Zf1)
Liquid leakage, using copper ion tracer liquid detected by atomic adsorption, occurred
consistently at lower closure-compression levels (i.e., looser fit) for vial/closure test samples.

JRFPOGEIC X VRS 2844y L =Y —2 L TD, N4 T A DRERY v TV TlE,
IR TD Y — 2 (iquid leakage) 25, £ DKW $E L )L (lower closure-compression levels) “C 5 IC 42 U 7z,

Study2 (1 2)

Liquid leakage by magnesium ion tracer detected by atomic adsorption first occurred for micropipette defects
about 0.1 pm wide. Wider defects had greater leakage risk, with all 8-um defects showing leakage. Significant
effort was required to remove air locks in the pipettes of all test samples in order to maximize the likelihood of
liquid ingress.
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JFRAWEEC X VB Lz~ A UL AF Y« L —H—I1C X ZHIADIFM (liquid leakage) (X, K
ZTIM0Ium D~ A 7oy MK AR TCHEL T, LV RZARMBTED - RERV A7 %
RL, Bpm DK ZX X DXfFEE D2 DTIRETDD DIT, HDORADRD b=, WIEDRADH]
Bt RALT 27201, 2TCORBEY v 7oy Xy PHOIT —81 v 7 (irlocks : RiE Qiic
LaitkoRAOT ey 2) BN £EDL L ICKERBNIPLEL 5,

Study 3 (&5 3)

Liquid leakage of red dye detected by spectrophotometry correlated with the diameter of lengthy
microtube defects. First ingress occurred with 10-pm tubes about 50% of the time. No effort was
made to optimize test conditions.

SHNEFHEIC X 2RO KROTwKIZ, ROD~A 71 F 24 —7 (lengthy microtube) DK
MaDEREB#EE D - 72, RUIDERAIZ 10-um DF 2 — 7 THE . % DR THI 50%TH - 7=,
RS D IRE L OB 13 SN o 72,

Study 6 (Z41 6)

The likelihood of liquid leakage by methylene blue tracer detected by visual inspection was
dependent on multiple factors. Inspection test conditions affected the operators’ ability to correctly
identify prepared samples with known levels of dye, and operator ability varied. Neither the
USP/Ph. Eur. nor the 1ISO dye methods consistently found all smaller holes (10 pum in size and
smaller). Greater vacuum conditions improved dye ingress, enabling detection of all 10-um and
larger samples by the USP/Ph. Eur. method, and all 5-um and larger samples by the ISO method.
However, a risk of false positive results was reported.

AF LV TN —IC X B HRD IR (iquid leakage) % H B IC & D RIS 2 vlREMEIL, RO DEFIC
A INT, BMEOMEBGEME . MEBOBAIL ~v Gu:wg OBFERCFR LAY T LEIEL
CFET RN B R G5 272, $7-. MEBODRNIZ N7 DE /R o7z, USP/Ph. Eur% 7213
ISO D taFKiEF, RTO/NE 7% (K& X 10um LAT) ZF2d 0T, KEMNRBRESR S ko
7zo BZEfE % FIF 2 2 & T, USP/Ph. Eur. DL T 10-uym U L%y 7 ¢, 222 1SO i X 3
5-um L EDOETTOMHAAEETH 572, L2 LAars, BEEMERO Y X7 b IhTnd,

Bubble Emission Tests (&858 4 305k)

Study 1 employed bubble emission tests. This work found that bubble emission was correlated
with pressure-decay gas-leak rate, and was able to identify smaller leaks. Pressure was applied to
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the package internally, and the one leak location was observed closely for bubble emission.
Although this study lends support to this testing approach, bubble emission tests are more
typically performed by whole test sample submersion and vacuum exertion, with observation of
the entire package surface for bubble emission. In this case, leak detection by bubble emission is
affected by several factors including test sample orientation and test fixturing, vacuum level drawn,
immersion liquid, sample outgassing tendency, operator skill, and inspection conditions.

1 1. KOO FEAEGAER (bubble emission tests) 23H X7z, Z OFAA L. pressure-decay gas-leak rate

(EhwgEr 2y — k) LBE ST 2 2 LA IN, OX VNI RY -2 ZFET 5 Z L3 A[RET
H o7z, EJ11Z package DNFRICHIZ DAL, —2D I — 77—, JUUFEL TLHICOWT, BT
B I NIz, COPFEIE, BHEHRT 70 —F Gk ot ZEMNIT 2D TIEH B2, KidFkE
AR, —MRIC, by IR ERE LT, BT % A1) (vacuumexertion), package DRI 4RI D\
TRIEOREZBE T 2 HETITOILT W3, ZOEAICIE, [EDFREIC X2 ) — 2 o,
BODPDORFICK o THEER T2, TNOLORTFLLTIE, RObOBEENS + HERy v 7
NDa & & FEREF D [E % 771 (test sample orientation and test fixturing) « W5 |3~ 5 BELZEFE (vacuum level drawn) . {518t
T W DFEEE (immersion liquid)s ¥ ¥ 7V DR AT A DFEIT (sample outgassing tendency) . 2RRE D HE ST (operator
skilh, 3 X OHRE S (inspection conditions)

- CONCLUSIONS (#&3h)

Satisfactory package integrity is a critical parameter for all parenteral products. Inadequate
package integrity may jeopardize patient safety because of possible product contamination and
physicochemical instability. Integrity failures may also put clinician safety at risk by exposing
them unnecessarily to toxic substance leakage. Even small-scale package leakage events can
trigger massive product recalls that prove costly to the pharmaceutical industry, limit product
supply, and ultimately add to overall healthcare costs. A wide variety of package-integrity leak
test methods is needed to support the countless product-package formats that are possible,
beginning from product inception at the earliest stages of development and continuing through
commercial product end-use. It is the hope of the Expert Panel and the members of the USP
Microbiology Expert Committee and Packaging, Storage, and Distribution Expert Committee that

the proposed chapter { 1207} revision will provide the background and support needed by those
dedicated to ensuring parenteral product package integrity.

TLEEFELVE (package integrity) 235 B 7R REEICH 5 Z L ld, B2 TCOFHANCOVWTEE R NT A —XTH
%, WML TH D LT, BEOHR LY FN AN REELEL 201, B
OREWEERICTTH S5, TetErEoZ Lo XMz, HFHEZ2E T 2WE ORI L T,
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ARFICERIREI b2 Lic k2 VR 7% #5 (BKE) Kb 525 2 Lk b, /IEIE R a5
DIFIH (package leakage) DHIKFTH o TH, DO KBUELEINDOGEHL 02 L3H B, C
FVEHEMER O a X b RIS B ICHIBR 2 2. 2 U CTRAICTIZ, ~ V2T 7 (healthcare)
PEDOAR N 2EHD LI LI Rb, UTOFIELZZET 5720103, JLWEICH - 3 ST
EUAEZ D= D Y — 7 3 ER 77 (package integrity leak test methods) 25638 & X 45,
GRIE : AT offifeE & oI EWAGE, FX2sHo L)

A ENTWIZEOFHAARE R B M- EEDTEI  (product-package formats) 238 5 Z & 3

- EEBHFE DR VIR D D Gk @R atticovco?) BT BIY

- THRELS O K T DA (commercial product end-use) % 38 L C D ke
USP Microbiology Expert Committee & Packaging, Storage, and Distribution Expert Committee @ Expert
Panel & Z DA v N—D#HLIL, SHIRE% L 7= chapter <1207> OE DS, F 57 o 85 @ 5¢ &
(product package integrity) % PRaES 2 72D ICFHEL L 722 NOb D XEIC K > T, ZOMEE I NI TFRLEX
Brigf Tz b0t Th D,
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Deterministic Leak Test Method: (REFRAI Y — 7 5BR 5 1E)

A deterministic leak test method is one in which the leakage event being detected or measured is
based on phenomena that follow a predictable chain of events. In addition, the measure of leak
detection is based on physicochemical technologies that are readily controlled and monitored,
yielding objective quantitative data.

B U — 2 3R 77 15 (deterministic leak test method) 1Z B X 311 5. B 2 WITHIE X35 U — 7 FHR (leakage
event) X, THITTEE 7B SHAY S SR (predictable chain of events) ICfiE o 7=IHRICHES K b DTH 5, HIT, V
— 7RO R (measure) 13, KB RERNT —2Z2EL5bDTH-> T, HHICHE =% —
BT E D YHALAIIEANT (physicochemical technologies) 1ICFED < H D &7 5,

Probabilistic Leak Test Method: (F&=RHY U — 7 iXER)

A probabilistic leak test method is the converse of a deterministic leak test method, being
stochastic in nature. Such tests rely on a series of sequential and/or simultaneous events, each
associated with random outcomes described by probability distributions. Thus, the findings are
associated with uncertainties that necessitate large sample sizes and rigorous test condition
controls in order to obtain meaningful results. Typically, sample size and test condition rigor are
inversely related to leak size, and therefore reliable and predictable probabilistic leak test methods
may prove more difficult than deterministic methods to design, develop, validate, and implement.

WERE) V) — 7 B BETT7E (probabilistic leak test method) (X, PERMAT Y — 7 3Bk & 3o db o Th Y| 1
M 7R (stochasticinnature) 7 LT3, 2D X ) idbiid,. —EOZXXMNE X/ % 72 126 R
172955 (sequential and/or simultaneous events) ICHKTE L Tk 0 T v X L 7AER (outcomes) 1CBHHE 3~ 5 K H R
V. KGRI 24T (probability distributions) 1C X > CEtb ¥ b, 2wz, 2N 5 DFFFHIE (findings) X
AHERYE (uncertainties) & BET 25 DTH S, ZOMERNIZ, BEROD 2R ER[ L7201, KE
YV ITAY AR e RS R RSB B (rigorous test condition controls) % A3 & 3%, —fikiyIic, ¥~
TN A XL ARG DRLL & (igon) (&, V=2 DH A4 XL 3wtk $ 2, 2wz, EHEELH -
T, FHITTRE KM Y — 27 R /51E (reliable and predictable probabilistic leak test methods) (X FXaT (design). F#
& (develop). 23V T — b (validate) 35 X OVFE i (implement) 1K L T, PUEMmRAIIFEL D b, X KL
5 EBVIEINETH S I,
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