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1. SCOPE (36 FH &6 PH)
1.1 Introduction (IZ L &IZ)

This chapter provides guidance on the inspection of injections for visible particles. The terms
particle, particulates, and particulate matter are equivalent and do not have different meaning
when used in this chapter. Individual visible particles are generally greater than 50 pum in
diameter, and the threshold for routine, reliable detection (270% probability) is often near 150
pum for single spherical particles in clear solutions contained in clear glass vials [1]. The
methods discussed in this chapter are also applicable to the detection of other visible defects.
These include, but are not limited to, container integrity defects such as cracks, misplaced
stoppers, or incomplete seals, any of which may compromise the sterility of the product.
Additional container defects [2], as well as other product characteristics such as fill level, are
also detected during visual inspection, and non-conforming units should be rejected using the
methods described in this chapter. Inspection for these other quality attributes often occurs at the
same time as the inspection for particles. The primary focus of this chapter is a manual reference
inspection method; however, semi-automated and automated methods are also discussed.

ZOET, FEHFFORY) (vsible particles) DRI L TOHA XL A% 525460 ThHhD, kit
(particle) . T8CRL7- (particulates) . 24%) (particulate matter) & UMD FHFEIZZEAH (equivalenty H D TH Y, ZDE
THERHT25AI3, BT BEREFF > TR0, B4 ORIPEITRLT (individual visible particles) X, —
FAVICEAE S0 pm L EDORE S TH Y . TOHEWNZR, ML b 72kt (T0%LL L) DR
EIE. AR T T A T AHICE EN D BRI P OBE—OERIPRL 2B L TiX, LIXLIX 150
umiE<iZ v 2% [1] » ZOETERT D2 HIEE, MO FHB 72 KME (visible defects) DR HHIZ 18
MWABETH D, TNDLITIE, TNETIZREIND LD TIIRVD, 7 T v 7 (cracks), A2 E
DA (misplaced stoppers) \ ANTEA72 T —/L (incomplete seals) D X 9 7R RERTEEIED KNG END, EiL
HlIfrives, ZORBEOEFMELEI < THHDOTH D, FWEH L~V (il leve) DAL DZ D
fLDRFEIZ T TR <, BB EOXK [2] b £, BfRERICHRTSNS, £ LT, ~iE
b (non-conforming units) (X, Z DEIZRNOLNHIEEZHEH L THER (REA L) SnbsxZ L,

ZIOOMOMEREOREIX, UL UL, KLFORE L FIRHICITON D, ZOEDOERERIT,

~Y=aT7MIED (B FOFICLD) RELRIBETETHD, ; LLRns, FHBKLUH
BoOFES EdEmaIT ),

1.2 Related Chapters (F9£%4 % #)

The general chapter Injections and Implanted Drug Products (Parenterals)—Product Quality
Tests { 1) provides an overview of injectable dosage forms and the quality tests associated with

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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them. Another general chapter, Visible Particulates in Injections ¢ 790}, has been added to
the U.S. Pharmacopeia—National Formulary (USP-NF) to provide a clear definition of routine

inspection procedures for injectable products; the goal is to comply with the expectation that
products be essentially free of visible particulate matter. Additionally, information on the
detection of subvisible particulates is provided in general chapters Subvisible Particulate Matter

in Therapeutic Protein Injections ¢ 787 } , Particulate Matter in Injections ¢ 788 ) |
and Particulate Matter in Ophthalmic Solutions { 789} . The general chapter Methods for the

Determination of Particulate Matter in Injections and Ophthalmic Solutions ¢ 1788} provides
additional supporting information on measurement methods for subvisible particles.

general chapter (—ifF#o) @ “ Injections and Implanted Drug Products (Parenterals)—Product Quality
Tests <1> 7 (&, Al & | ZAUCBhET 2 WEREB O E 2 5. 2 T 5, flLod general chapter, Visible
Particulates in Injections <790> %, U.S. Pharmacopeia—National Formulary (USP-NF) (2, {EH#ID H
HHRBMAEFIEORARRERE G ZDTOIMAONIEbDTH D,  FOoT—iE, HEG (F
A 13, RERICEMNS 7V —Toh D T & (products be essentially free of visible particulate matter) | D HFFIZ
WHZETHD, TNITIMAT, BHE TR ZZ2UWRIT (subvisible particulates) AR HIZ DU T OIEHIE.,
general chapters “Subvisible Particulate Matter in Therapeutic Protein Injections <787>,” “Particulate
Matter in Injections <788>" F3 XU} “Particulate Matter in Ophthalmic Solutions <789>.” |Z5-2 531 TW»
%, general chapter “Methods for the Determination of Particulate Matter in Injections and Ophthalmic
Solutions <1788>" %, HH TR X722V VKL T~ (subvisible particulates) D EIZEI L TOBINDO TR — MEH
L TV 5,

1.3 Defect Prevention (K[ Bs IE)

Although this chapter focuses on detection and removal of product units that show evidence of
visible particles, the need for preventing such contamination should not be overlooked. No
inspection process, manual or automated, can guarantee complete removal of all visible
particulate matter or other visible defects; thus, prevention of such defects is an important
consideration. Good process and product design, along with environmental control, are
necessary to ensure the reliable production of products with a low particle burden. To ensure the
control of defects throughout the process, manufacturers should consider an inspection life-cycle
approach [3] in critical areas. This approach begins with developing quality attributes based on
incoming component specifications, followed by component-level acceptance testing. It extends
to component preparation and product-filling procedures, followed by 100% in-process
inspection of filled product, and concluding with final acceptance sampling and testing of the
finished product. The approach must extend to purchased, ready-to-use components such as
containers or closures, where there is no opportunity for subsequent particle removal after

FRRICITR T 3GR R I R Z A TN E T, BIFOUTIEEE T 5 ETO—o0BIFICHE A,
FAEH 7T, B X MTENCH7c - T, ST HRTIZE > TRFEU,
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receipt and before filling. Stability and retention sample inspection, customer complaint
handling, and in-house investigative procedures support this integrated process. The inspection
life-cycle is composed of, and supported by, sub-cycles involving qualification, maintenance,
personnel training, defect characterization, and the use of standards within each of the critical
areas. The final element of the life-cycle is a feedback loop of trending and data review from
each of these process areas, resulting in a mechanism that supports continuous process
improvement.

Z DOFEX, W (visible particles) Z 75 5L O HAAL AR (product units) DFR H & FREICE S ZH TV 5,
ZD XS RBERE STEODBBEMEIZONWTIE, 22 TEEDHFTTVARY, v==27 /b (E b
FiTk2) O HLVFHEMESNRAETERIT, £TORHEARERT, E72i3hmorHR 7R K
Moz 52 I BR<S 2 & A RGET 5 2 &KV, ; Tz, 2O LD RO ILIL, BEHE
REBFRHEE RS> TWVD, BWVRL AR 2R ORGOEEH TE 2 MELRIAET 2720213, RBED
FEEILT, B2 m b ABLORGEOTHA U0, WETHD, 207t 2%HE L TOKXMH
D ZRFET 272012, "IEEFIL. 7 VT 4 AARKIBIZBT2MEDT A7 - A 7T
Tun—FBlaExHT L, ZOTTR—FIE, AMLTLK DI A= b Gik: coERTcE, 0
oy &R S E T, UFRAL) OFBMICES S MERMEORIE L. Zhicki< a2 R—xr 2 FOZ AR
BRAATO ZLmbIaE D, AR —xy FOFE L AR EHRE, 5] S E TR O RO TERN
BAEZITV, REFRLOSBAABRENFE, £ LT, L ORKNRTREISND T
VI EHBTTORE CIRS D, 2T T e—FiE, arR—3xr FOZITERV %, ZTLTHE
HETOMIZ, T KL FREOHE P ET IR, BRI URokR, BALZRLIE,
HEHTEDREICH D T R —F2 b (purchased, ready-to-use components) F THLAHE L 72 1T 1UIX 72 5720,
LN & B (retention) DY T LKA, HEE O EE OB, BEOHFEMAESE (in-house
investigative procedures) 1L, ZDFAILIN=T oA E Y R—1sT253HDThHhd, ZOBEDTA 7 -
A7 NVE RO DEEZLY T A 7 AN S, ETR— I TWD, ;5 MR

(qualification) \ A 7"} >/ & (maintenance) | Fitk 5 D F/II#H (personnel training) , K Ffa (D HRF{EUAT (defect characterization) |
5 X OVEE BELAEE, (critical areas) D % 31 31 D& PN C OAZHE D (use of standards within each of the critical areas)
ZDTAT « A T NDORFEH R LS (final element) [F, £ DT 1L ZADFIRDS %0 HD kL2 Kl
A (rending) & T — X L Ea2—DT 4 — K« RXoJ « =T THO, THIZEL > Tk 727 1t A
3 (continuous process improvement) &4 U S5 Z & TH D,

2. INTRODUCTION  ((Z LU ®i2)
2.1 Inspection Process Capability (M TFEDHE )

Visual inspection of injections is necessary to minimize the introduction of unintended particles
to patients during the delivery of injectable medications. Such inspection also offers the

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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opportunity to reject containers whose integrity has been compromised, such as those with
cracks or incomplete seals, which pose a risk to the sterility of the product. The desire to detect
these defects despite their very low frequency and the randomness of their occurrence has
resulted in the current expectation that each finished unit will be inspected (100% inspection).
Although zero defects is the goal and this should drive continuous process improvement, zero
defects is not a feasible specification for visible particles given current packaging components
and processing capability.

HEHA OB HEBRAEX, ERAEGZEL TOBRFICK LT, BRLARWVRL OB AZ /N T 57
DIHETHD, TOXIBREITZE, BN ESENIRBERET IS L EZDHLDT
D%, PIAE, W DOBREMEIG LTI A7 2HGTLH7 T v 7 RERRY—NVERORGTH 5,
ZDOFRENIEFITEBE, HOT7 U A LTHLHICHLEDLLT, TOXRMERHT D &V ) BT,
&l % D AL O BN R AR A RAET D (BEIRA ; 100% inspection) T-5 &5 | BAEDHIFFE (current
expectation) & AEFAHI L TWD, B /KM (zerodefects) D I—/LTH Y . ATk 727 1+ Ak
BICELS DO TEHSH L8, BuXid, SUTOUM TORMEIKLF ORI E 7T n e RS TIE, &
G FEBL R REZRHRE Tl v,

Understanding human performance is critical to establishing visual inspection criteria. The
threshold for human vision is generally accepted to be 50 um. Individual receptors in the eye
have a resolution of 11 um, but typical resolving power is reported as 85-100 um [4]. The
detection process is probabilistic: the likelihood of detection is a cumulative function of visible
attributes such as particle size, shape, color, density, and reflectivity. Analysis of inspection
results pooled from several studies [5] [6] shows that the probability of detection for a single
50-um particle in a clear solution contained in a 10-mL vial utilizing diffuse illumination
between 2000 and 3000 lux is only slightly greater than 0%. The detection probability increases
to approximately 40% for a 100-um particle, and typically exceeds 95% for particles that are
200 um and larger. Thus, in a qualified visual inspection system, the vast majority of extraneous
particles that might go undetected and be introduced into the pharmaceutical supply chain will
be smaller than 200 um. Changes to the container (e.g., increasing size and opacity), fill level,
and particle characteristics beyond size (e.g., color, shape, and density) will all affect the
probability of detection.

t R DHES] (human performance) ZERfET 2 Z L3, BEMED W EIEL LT H7-DICEHETH D,
t N ORI OBMEIZ—KEIZ 50 um THDH LS TWb, B (eye) Oflx DLt 7 % —%, 11 uym
DFRIBRER T > TV DM, AR 7275 7] (resolving power) [X, 85-100 um L #fESINTWBH[4], =
7 et 23, R ERTHD, . BHEOAHENE ikelihood) 1L, KL 7£E (particle size) | FZIK (shape) .

TEAEARAE (density) . SCHHME (reflectivity) D & 9 72 f R A5 (visible attributes) 0D BFERISL & 72D, #oO0D

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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WFFEM BRSO BT BRARTROMEHT [5]1[6] (3, 2000 ~ 3000 lux OYLERI] (diffuse illumination) 2 F]
U7z 10-mL /3 A 7V OB 22 R O He— D 50-um KL 7O OMEFRIL, 0 %L v HHENC
REWZ k%ﬁbto&ﬂﬂé\1mﬂm®ﬁ%ﬁ&ék%4WWifﬁkb 200um LA E ok
T T, BN EEZTWD, TNz, BEETEMRES SN BHRBAE T AT A (qualified visual
inspection system) |2 W TR S edo 7, B OEIKGLDOV T I7 A4 F=—2 B Ao TL D90KD
KLF-DREBIIEL, 200 pm L0 /NS ThHh D, FawDEE BIAIX, A X2 R&E LD
ARERMEZEOTZY) | RERELUL Gk 2=20208HS) | £ LTRKE I RICREN S L RL1
FetE (BI2IT, A, B, £ LTEARE) 3. BEORRICEELZEZ DD TH D,

2.2 PatientRisk (FBE DU 2 7)

A complete review of the medical literature is beyond the scope of this chapter, but the effect of
extraneous particles on the patient must be considered. A number of reviews on this subject are
available [6] [7] [8] [9] [10] [11] [12]. The clinical implications of extraneous particulate
matter in injections are determined by many factors, including the size and number of particles,
the composition of the material, the potential for microbiological contamination, the route of
administration, the intended patient population, and the clinical condition of the patient. For
example, an otherwise healthy individual receiving a subcutaneous or intramuscular injection
containing sterile, extraneous inert particulates would likely experience no adverse effect or at
worst would develop a small granuloma. On the other hand, a critically ill premature infant
receiving a particle-laden infusion directly through an umbilical catheter might suffer
considerable pathophysiologic sequelae [13] [14].

EEBRO LR A ERICL Ea—F5Z Lid, ZOFEOHMHEZBZ D LDOTHDN, BE~DIEK
PEPSRL - DR BEITE 2 72 T e 6720, ZORBEIZEA L TOZEDOBDO AFRTRETH 5[6] [7]
[8] [9] [10] [11] [12], VE&HAIH DOISIERKL - DR 2 BERAE WL, 2L DRFICE > TRES
o, ZORTELTE, RLFORE I &K, TOWEOMAM. A FINGYO AR, B 54
¥, B &3 2 B R (intended patient population) , F3 & OVEE DGR 72 R HE (clinical condition of the patient)
DEFEND, B2, IR AN B O AT 22 B0RI 1+ (sterile, extraneous inert particulates)
EEUKETHLWVIEIHANOERZZ T Th, BERITEZ SR TH A9 L, KEOHETH/N
S 7R HERL (granuloma) WAL DREETH D, — 5., BRI ZF- 2 FPER A, umbilical catheter (7
YTUAN - BT =T REBE) WL T, B, RFASURIRESZT 2201, BHTL52L0
i3k 72\ pathophysiologic sequelae (s szt e de i) 242 U SH D00 H FniL7e [13] [14] .

T MO T —T L THRERZ BT b0

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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Garvin and Gunner were among the first to report a concern about the effects of particles in
human patients [15] [16]. For obvious ethical reasons, there is a lack of controlled studies on
the effect of particles in human patients. Some anecdotal information about human patient safety
may be obtained by examining case reports of intravenous drug abusers [17] [18] [19]. In these
cases, solid oral dosages are often ground up and injected as a slurry; pulmonary foreign body
emboli and granulomas were observed in these patients [20]. Unfortunately, the clinical risks to
human patients posed by small numbers of particles are difficult to infer from these observations
due to the extreme number of foreign particles and the uncontrolled conditions in which they
were administered.

Garvin & Gunner |, Z< OWIEE DR TH E Vb, BEICBIT DR FOREBLZREO®RE L
Tl DO NETH H[15] [16]. BIAZRMEMN LB ORI, BE~OEEIZO W T, FHIN
TEFZENRIN L CTWD, BEDZEMIZOWVWTO, BOND Iy —RAAXT 4 72 EH (anecdotal
information) 7%, FfIRIEST CTOFEWELHF (intravenous drug abusers) DIEFIHREFHZ N2 & THOLND A
BEMEN S H[17] [18] [19]. Z 6 DEFITIE., LI UIFEFEOKZR OB NEY D53, AT Y —
RIZLTEEINTWD, ; 2 b OBETIX, pulmonary foreign body emboli (o skt oo & it 3642 2)
& PIFIE (granulomas) ﬁﬁéﬁfﬁénk [20]. FRERDB D, FD LRI RBEDHNRNRL T & 503 E B
ENTVWARVIREETOBEN LI, DRWEOR Tl &2 SN D BHICRT RN Y 27
EHEERT 5 Z LIIREECTH D,

Numerous animal studies have been conducted to determine the fate of intravenous particles
with different sizes and composition [21] [22] [23] [24]. Most studies have focused on
subvisible particles with a diameter of less than 50 pum. In these studies, a massive infusion of
particles has been accompanied by histologic evidence of injury to pulmonary capillary
endothelial cells [25], microscopic thrombi in the pulmonary capillaries [26], pulmonary
microscopic granulomata [27], and hepatic inflammatory effects [28]. Although useful for
understanding the pathophysiologic response to particulate matter, the large number of particles
used in these studies (e.g., 10° particles/kg per injection) provides little insight into the risk to
humans posed by small numbers of macroscopic particles. Arterial embolization using materials
such as polyvinyl alcohol (PVA), collagen-coated acrylic microspheres, and gelatin spheres also
provides some insight into the potential human pathophysiologic implications of non-target
embolization of extraneous-particle intravenous infusions. In these cases, massive particle loads
moving from the arterial injection site into the venous circulation were also reported [29] [30]
[31] [32] [33].

BREOKE S LR - o2 R G- Lz & & @@éh (fate) ZFHD7=0I12, < OEYE
BRITON TV D [21] [22] [23] [24]. £ < DHFZEIX PENY 50um Al O HIZIE R 2 22 VR 1

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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(subvisible particles) IZHE R HINLTND, £NEOHIETIX, KREOKF 42 ZTeA0H (massive
infusion of particles) 73, injury to pulmonary capillary endothelial cells (fifi=& fin /s P sz s i 5t 3 2 #815) [25] .
microscopic thrombi in the pulmonary capillaries (i e OBEMEEM/2 M) [26], pulmonary microscopic
granulomata (o @gssi i 2emmE) [27], 35 L OV hepatic inflammatory effects (fFoZsess) [28] &5 &
29 &0 )RR R RIS DTN D, BRI (particulate matter) (2569 2 R REAE FREEAG s A B
T B DIITAEA TR B8, ZH D OB THEM S - 25Ok F(e.g., 10° particles/kg per
injection) 1%, DD FIHLEI 7K1 (macroscopic particles) 235 X L Z - A~D U 2 7 ~DOHER % 5k SR
L 72vy, polyvinyl alcohol (PVA). collagen-coated acrylic microspheres 5 X O gelatin spheres @ X 5 724
B &M L7z arterial embolization (@R 1L FE 72, MR- 0O RN A O FERE AR 0> FE 42
(non-target embolization) (ZBH L T, IETER72 NI REAE PR E TR (potential human pathophysiologic implications)

W LT, AREEH D ESVDORME LD LTS, Z b OFEFITIL, FIZEIRO FHEHAL
PO FRIRIESR (venous circulation) ~FEENT 2 REDRIFAMT b i ST [29] [30] [31] [32] [33].

In a review of the hazards of particle injection, it has been found that the primary contributor of
particulate matter in vial presentations is the rubber closure, a risk that is present with almost
every injection. In addition, case reports have documented injury associated with infusion of
significant quantities of precipitated admixtures or therapeutic use of particles for
embolization [13] [14] [34]. Despite the administration of an estimated 15 billion doses of
injectable medicines each year [35], no reports of adverse events associated with the injection of
individual visible particles have been found.

B 2B TERAIOBED L E 2 —T, A TVERETOMKL D F 7= %% 55K (primary contributor)
FTLRTHDLZ L, 2L T, 2D Y AV IFREREIOFER OBRIZHFEL TWD Z LAV TV D,

FCHEBIR S EIL, TR LTZIR A O 0 ORZ S Lz & 2R AEE (njury) . HDWITER
(embolization) 0072 8 OORLF- DIEFEHY 72 I B9~ 2 Fr D55 2 3tk L T\ 5 [13] [14] [34]. 4.
HEFE 150 {8 R—XOEHFID [35] 2MEHESNTWD Db 59, H—0 AR T DO EEHIC
BT D RIEH O ITR BTV,

Ultimately, the safety considerations related to particulate matter in injections must be assessed
for each drug product, intended patient population, and method of administration. No single set
of inspection criteria can adequately anticipate all of the potential risks to the patient. The
methods outlined in chapter { 790} should serve as essential requirements when assessing the
adequacy of the visual inspection procedure, but supplemental acceptance criteria should be
added when the patient population and intended use of the product warrant these additional
measures.

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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BT, FERBIF ORL IR D B E~DFLET, £, BNET2BFORERH. BLUES
FEIZDWTHHIE (7 & ) L2RITFAUT e 6720 A E L ED —-DDF | (single set of inspection criteria)

T, BFITKT 5 AT f%%éUx?@éf%%?ﬁﬁ‘é’ E T HISEZ2 VY, Chapter <790> (2R &
NTWDHEX, BEMRETEOBEUELZFHE T 258 12H > T, WHEDOERFIHE L TR
DHLDTHAH, LoL, ZOHE @xf%&#é%%lﬁl& HEJE T2 &2, Eih b OB
72 FERE (additional measures) & IEX4 728 D LT HGAIL, TN EMEBET 2 HETFAEELINZA HXEZTH
Do

2.3 History of Inspection Standards ~ (M= HEDJFEH)

The requirement for injections to be “true solutions” appeared in USP IX in 1915, and the first
appearance of “solution clarity” for parenterals occurred in 1936 in NF IV. Since then, there
have been numerous modifications to the compendia in this regard. A comprehensive history of
compendial inspection standards is available in the Pharmacopeial Forum [1].

ESHA (injections) 1T “true solutions”  (Etrkovsie) T D &9 ERIE, 1915 420 USP IX TR I 1L72,

Z U CHESHA] G s ; parenterals) (Z%F9 5 “solution clarity” (zigommive) 13, 1936 @ NF IV TAL
STz, TNURE., ZOBE T, AEE Gk usP & NP 12 < DOEGE (modifications) 23012 H LT
%o INTE BN O A FEUED L7 BRI, Pharmacopeial Forum [1] TAFT 5 Z ENA[RETH D,

3. TYPICAL INSPECTION PROCESS FLOW ({{FEHBET ok AD 7 1—)
3.1100% Inspection (&%)

Chapter { 790} establishes the expectation that each unit of injectable product will be inspected
as part of the routine manufacturing process. This inspection should take place at a point when

defects are most easily detected, for example, prior to labeling or insertion into a device or
combination product. Each unit may be examined manually with the unaided eye, or by using a
conveyor to transport and present the containers to a human inspector (semi-automated
inspection), or by means of electronic image analysis (automated inspection). Manual and
semi-automated inspection should only be performed by trained, qualified inspectors. Inspection
may also be enhanced by means of a device that holds more than a single unit at one time for
examination. This inspection may be performed in-line with filling or packaging or in a separate,
off-line inspection department. The intent of this inspection is the detection and removal of any
observed defect. When in doubt, units should be removed.

FRRICIZL TGRS BHE S I A XA THRHEWE T, FiCUIEREZ T2 ETO—20ITIcRE 5 A,
FALH I, B OYTENCH 72> TE, TR L > TS,


http://www.usppf.com/pf/pub/data/v411/CHA_IPR_411_c1790.html%23CHA_IPR_411_c1790s62
http://www.usppf.com/pf/pub/data/v411/CHA_IPR_411_c1790.html%23CHA_IPR_411_c1790s62
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Chapter <790> [%, TEHHLE DKM IR ARG 7o 20— & L TRESIND Z L OH
FMETEODTWND, ZOMREIT, KPR OEDITHREINDREATITORETh S, Hl2iE, EFE
FEEs (device) HDWT I ER— 37 B A7 K (combination product) ~~0 7 X JLFKIR (labeling) & ¥
SCEREA (insertion) 29 DRTORESTH D, FHNEEHT, ~= =270 OoF) (X VIR (unaided eye)
T, HOVTREB MBI EBE LIRRT 200 ar Xy —2A LT crampe . HDHW
(TETFHREHGIET O )7L (amw (ZX VRS TOND, ~ =27 VR ONEABIORA L, FIH
T, WA A B ST B (trained, qualified inspectors) DI K S TITHIREX TH A 9, BEIX
F72. BBE (examination) D AR T, B RO 1 U EE2FFSZ E DK DTIE R (device) Z i
THZELEVDIERZEOL DKL THAH, ZOMEIT, REDHDLWIWELFFOM T4
Y OFRE: #EDTAY) ELTHDIWE, A7 TA & LT BAERMTINCIT) 28225 THA
Vo ZOMREORHMIL, BIEINIMMRL KB TH>TH, ZhEBEH L, MURS Z & TH D,
B LWEaIZid, ZORMARITIY R NETH D,

Acceped
100 Units Acceptance
Filling — ] Inspec:tli’on — | Samplingand [~ Packaging
! Testing
1
l Acjccted -
Units !
]
| e
P :
Analyze and '._).I Supplemental !
Trend Hejects ! Testing :
1 1

Figure 1. Typical Process Flow Chart (3 1. A&7 mE X7 1 —[X])

NOTE—100% inspection refers to the complete inspection of the container/closure system and
its contents. Inspection may be accomplished in a single operation or in multiple steps
using a combination of technologies. See additional discussion in Section 3.3
Remediation and Alternative Practices and Section 6 Inspection Methods and
Technologies.

H— EORA (100% inspection) (X, s MV AT AL TONEYORELRBELZERL TS,
BAEITH—OEEL LT, H0VIEEEOEMOMAGELE LM L TOBRED AT v 7L
L CTX{T 345, Section 3.3 Remediation and Alternative Practices and Section 6 Inspection
Methods and Technologies. DB Dk b SR S iz,

NOTE—Supplemental testing is required when the nature of the product or container limits
visual inspection of the contents (e.g., with a lyophilized cake or powder or with an amber
glass or opaque container). See additional discussion in Section 5.2 Unique Product and
Container Considerations.

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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E — ®Wind 5 WIIEROMED, NEWO A RBEEICHIRZ A C 58 (B2, KSR 7 —
%iti%*f&é&% %émi%é®w7x*“&éw17£%®ﬁﬁ®% ) &, R
D= DN LE L 725, Section 5.2 Unique Product and Container Considerations. 7B Il 5%
mEBZROZ &,

During 100% inspection, limits on typical rejection rates should be established to identify
atypical lots [36]. These limits may be established for categories of defects (e.g., critical, major,
and minor) or for specific types of defects (e.g., particles). A review of historical performance is
useful in establishing these limits, and the review may include products similar in appearance
and manufacture. Periodic reassessment of these limits is recommended to account for expected
process improvements and/or normal fluctuations in process baseline [37]. If a limit is exceeded,
it should trigger an investigation. The outcome of the investigation will determine whether
additional inspection is necessary.

EEREEIT > CTODIINC, IEREMNRT » b (atypical lots) 2 FFET 572912, REMRIEHEIEIC
DWTOREEA ML T 5 Z L[36], 26 DOIREfEIX, KFaD X5y (i 21X, critical, major, and minor)
FlE. REGDOFFERZ A7 (BIZITRLF) DXFIZOWTHENLT HZ EIZRDThAH, WED
FEROLE2—E, ENODOREMEEZHENT 592 THEHTHY . 2O L E 2 —|3MIRIE DA
P 282G LB NTHA D, ZILDDREOEWIH 72 B3 (periodic reassessment) 1,
WIS 5 7 1t A2E (expected process improvements) 33 JL TN/ F 72 1E THEDX— A F A > (process baseline)
DWMFEDOEEEZRET 5T ENWRIND[37], bL, TOMEFEEZBZ 220X, IRz
BtET 25| E @ LT RETH D, ZOREDORRIL., BIMBRENSLENZIRET HHDIZRDHTH
59,

3.2 Acceptance Sampling and Testing (FFE LDV 7'V o 7 LalBR)

After 100% inspection, a statistically valid sample is taken from the units accepted by the
inspection process. This may be a random sample from across the batch or a representative
sample (e.g., at fixed time intervals or a fixed number per tray). Typical sampling plans used for
this purpose can be found in the ANSI/ASQ Z1.4 standard [38]. Defects may not be distributed
equally over the lot, and therefore a sampling process that represents the whole lot is required.
Equivalent plans may also be found in the ISO 2859 [39] or JIS Z9015 [40] standards. For
batch release, the sampling plans listed as Normal 1l are typically used. Tightened sampling
plans may be appropriate when an atypical result is observed or reinspection is performed.
These plans specify a sample size for a range of batch sizes and require selection of an
Acceptable Quality Level (AQL). The AQL is the defect rate at which 95% of the lots examined
will be accepted and is a measure of falsely rejecting good batches. Critical defects (those that

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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pose the greatest risk to the patient) should be assigned an AQL with a low value. Often, the
accept number (the number of defective units allowed in the sample) for a critical defect is zero.
Major and minor defects, which pose less risk to the patient, will have increasing (less stringent)
AQL values and accept numbers greater than zero. Table 1 shows the range of AQL values
typically used for visual inspection processes [41].

ERTFRAT (100% inspection) 4. MRS TRE Tl & 72 o - AL BFZR B L AN 24 2 DY 7V &£
Bd 5, Ziux, Xy TFRIENLDT X LI TV T T HN, ERERENRY TNV ER
B2 (BlzIE—EORRFEFIE CERIT 2, H5W0IEE M LA DSEE SN HREZHIT %) &
WO FRERDEAS, TOHMIHEHT HMRENRY 7Y 7 F X, ANSI/ASQ Z1.4
standard [38] (245 Z &3 kD, Kifalde v N&KIZHTZ > TH—IZHMMIE LTV RNTHA 5,
ZThwz, oy MERERMT DL IRV 7 ) 7 Tavw AREREND, B L RSy T
U275 HEE, 1SO 2859 [39] F /=i JIS 29015 [40] standards (2t &5 Z ENHHKD, Ny TFH
i D7=HIZ, Normal Il (FRAKHEL) (ICY A FENTWD R V7 U o ZEHER, — I fE
HAEhd, EERAERN ROV, &2 WIXFMRE E1T > 72 FEIX, tightened sampling plans (X
DOOY TN L EHE) BEEITHA D, OOV T U UEENL, Ny F A ZOHEPIC
JG e 70 v 7Y A XaRE L, Acceptable Quality Level (&g Bk ; AQLDIRINAZ T2 Z &%
VETHD, AQL (X, BAELZR Yy FD B%DBAEHT DB D Rt : ZosBIZELL»?) Tho T,
BEON Y F B TREMET DHRE (measure) TH D, iy 72Ka (Critical defects ; & 1Z%f
LCHEKRY 27 26895 KHM) 1. AQL ZEUVME Grix: vabbiLuv [CE D ¥ THRETH
Do LITUIE, BumiIRMBICKT 2R S8 (P 7 A HICEHFR SN D RO 138 = &E
DY THREIND, BEICK L TEMBIXBELD BIERND 27 2H/ T 580, BRI L O K
(major and minor defects) |, AQL Dffiz K& < (BiL S Z4Ef1) SH T, Er X0 I KREREEZIFARS
5, Tablel ik, HME Y 7t A — KA H S 415 AQL fEDHiPHZ 7~ L T 5 [41],

Table 1. Typical AQL Values for Visual Inspection Processes

Defect Category AQL Range (%)
Critical 0.010-0.10
Major 0.10-0.65
Minor 1.0-4.0

[NOTE—When establishing a sampling plan, select the sample size required for the AQL
associated with the critical defect category. Use this sample plan for major and minor defects,
adjusting the accept numbers as needed for the larger sample size.]

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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#1 BHBEETRIZOWTORERZ AQL E

Defect Category (KBfaX45) AQL Range (%)
Critical — (Bufiy) 0.010-0.10
Major  (EEX) 0.10-0.65
Minor  (8£4%) 1.0-4.0

[E — Yo7V TEEEMLT DR, BmrIRMEEICEET 5 AQL IZHE /et
NY A REEIRT 5, ZOV TG E, 'R KOS KM L TEAT S, K&
TN A XPMBEE D KD e ABE, WEEITO . ]

The Unacceptable Quality Level (UQL) for the sampling plan used should also be known. The
UQL is the defect rate at which 90% of the lots examined will be rejected and is a measure of
the customer or patient risk. Sampled units should be manually inspected under controlled
conditions by trained inspectors. Inspection condition should be aligned with the 100%
inspection process.

I 57U v 7 EE D Unacceptable Quality Level (UQL ; #rik : xhisd 2 el maE <) & £ 72, 7A&AM
LTWAHRETHD, UQLIZ, BB L7-m v hD 0%MFEFEINKIOLETH-> T, BEH D
FREEDOV A ORELZRD LD THD, B LICHMARIL, ez cmERIC IV EHES
NEFEOT T, ~=a7/)V WoF) CLDIMEZITIRETHD, RAESREZ, 2%HBE T nt
A (100% inspection process) L RWAERZDREXTH D,

Acceptance sampling should be performed after any type of 100% inspection process, including
manual, semi-automated, and automated inspection processes. It provides a measure of the
performance of the overall inspection process and the quality of a specific lot, compared with
predefined acceptance criteria. Although automated systems are validated before use and are
routinely challenged to ensure acceptable performance, the use of acceptance sampling detects
unexpected defects that were not included in the development and training of the automated
system by the manual inspection process.

ZANY T Y T (acceptance sampling) [E. I H DO RERE 7 2 A LTI RETHDH, ZD
EREHRAET T AL, w2270 (AOF) (XD (manva) B, FEBNC X 28, L O0HBIH
BEOTREAREGEND, ZOZLIE, TOED LT HWEREL DT 22 & ¢, AT
BAROBAE T 0t A 2EOMiE, £ L TRED R v OB ORI R (measure) %522 DT
b5, BEbSNTZT AT A, HEHRNZANY 7 — MR &, RSN MERERIET 572D H
TR T v L OB IThNA N, Z AT Y U (acceptance sampling) DEFIX. =27V (¢ hic

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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) DA 7 v AT XL D HEMEY 2T LAOBFE & FIRIZITE 40 TORWN TP ARAL D K (unexpected
defects) | ZRRHTHHDTH S,

If the acceptance criteria of the sampling plan are not met, an investigation should be conducted.
Depending on the nature of the failure, this investigation should include examinations of the
manufacturing process, the raw materials, and the packaging materials, as well as the inspection
process. If, after investigation, the inspection process is deemed capable of detecting the
defect(s) in question, the batch may be reinspected. After reinspection, a new sample of the
accepted units is taken and compared against established acceptance criteria. It is a good
practice to use a tightened sampling plan and acceptance criteria under these circumstances
because of the atypical nature of this process step.

b LY 7Y T EE OFFRIMTEEYE (acceptance criteria) 23 E A L7 T IUETHAETT 5 Z &, RiEA (failure)
OHEIZL > TiE, ZOREIZ. Ao RTbLbAAOZ &, SETR, KB BEEME R
HrEDLZE, b LHAERIC, YERE T ANMEE 2D KM ez 2RETE 5L
B0 ThiuE, Oy FEHBRELTH LWV, BREDORKIC, A Lol
IVERRELL . FESE SV T D P2 HIMT L UE (established acceptance criteria) (2% L CHEATTH, D71
TR e AT FIIIFEA BRI Z S > TWD DT, BLODOY 7Y o FEHE & R HIET L YE %
TN, BUgRBEHESE22THA I,

3.3 Remediation and Alternative Practices (3 & (U HNE)
3.3.1 REINSPECTION  (Fiidr)

As discussed in the preceding section, reinspection may be appropriate if the initial 100%
inspection is not successful. This includes instances when the established 100% inspection
failure rate(s) and/or the accept number(s) associated with the chosen AQL values have been
exceeded. Reinspection should only be conducted using a prior-approved procedure that
addresses key parameters such as the inspection conditions (e.g., same as primary inspection or
modified to enhance detection of a specific defect type), the number of times reinspection may
be performed (this should be limited, and repeated reinspection should not be permitted), and
the acceptance criteria (e.g., Same as primary inspection or tightened).

A&7 varTikam LI L 512, b LYIEIOLEHRA (initial 100% inspection) 73 iKEIEEIZHE I 5 727>
2 blE, FRENSEURLOTHAS S, ZIUTT, ML SN BBRENEE ez B
FO/EITEE Sz AQLE & BHET 2 7R (usx ity 2B TV DHENETEND, F
BT, FRANTARIN=FNEE (prior-approved procedure) Z i L CTORITHIRE TH S, ZOFIE
FE ROL S e, HEASRTA=ZERY EFHZ L,

FRRICIZL TGRS BHE S I A XA THRHEWE T, FiCUIEREZ T2 ETO—20ITIcRE 5 A,
FALH I, B OYTENCH 72> TE, TR L > TS,
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O BESLE WX, —RBE (primary inspection) SR T L D72, HDWIIEFEDKMGD X A 7 Dk
HE RO D LD ICWEEIT o TRESRMYE)

@ HEIOFRBROFEMZIT ) (ZIUIRENTH D, BREZMRVIE LTI Z LITFFSnieny)

@ FFRAKYE BIZIE, —IRE primary inspectiony & [H CIZT D, HDOWEEN LV LD LT D) o

3.3.2 TWO-STAGE INSPECTION  ( 2 EX[ka )

In cases where an assignable cause—such as formation of air bubbles or a specific container or
closure variation—results in a high false-rejection rate (rejection of acceptable units), the use of
a second inspection step may be considered. This is more common with automated inspection
systems, where there is less ability to tolerate normal variation in product or container. Under
these circumstances, the inspection system is adjusted to ensure acceptance of good units. Those
not accepted are considered of uncertain disposition until inspected by another means (e.g.,
manual inspection following automated inspection).

JRIK 232 E 180 ATV D HFIOSGE . Bl ZIXKIADT B D VIIFFE DRI DEB DS HFR
D To AR (high false-rejection rate) (BT 2 AL GRZFEFE L TLE O HIG) 2ELL5B1E, -0
WA AT 7 (second inspectionstep) DA EZBETHZ LITRDBTHA 9, ZHUIHEMLEINZBE Y
AT LTIEEY RO TH D, ZO%EE, Bihd 5\WIIEA DB OLENIZM 2 5 6ES) 5
KV, ZRE OO T TIR, Bib (good units) DAEMEZIRIET D K 91T, ZOMAE L AT LA fiH+
Do B LD o oA, thohiE (Bl i, BEMAICHR VT, B MUK BEZIT O 72
E) Lo THRENIIND E TIEL, RHEEZREE (uncertain disposition) (285D EE X HILD,

Inspection conditions may be adjusted to provide greater sensitivity in this second inspection
step (e.g., additional inspection time) to ensure a high probability that true defective units will
be rejected. The second inspection of these units by the same method (e.g., automated inspection
after automated inspection) is generally not recommended, because the same limitation in
inspection method is present for both inspections. However, it may be suitable when the root
cause is air bubbles in the solution; a study has been performed to establish an appropriate
holding time to allow the bubbles to dissipate before performing the second inspection. It is
recommended that each inspection stream (those accepted by the first stage and those accepted
by the second stage) be sampled separately and evaluated against the sampling plan acceptance
criteria before they are confirmed as accepted and recombined into a single batch.

MRAESME, BICRMEFFORNMERDEREIND 2 L 2@ WHER CTIRIET 72012, ZOHE 0
AL AT v 7 (il 21X, additional inspection time) TX D KX REEEFFOL D IZFHENR SN D, [F]
CHEE (B2, BEREOCRICHEMREZIT)) IZXV, TNOOHRMEIROE _BOREEZIT

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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DT LiE RSN DT, WD DiE, MEGIEIMRLE CRAR, W7 OBEICFE
TOENLTHD, LOLRBL, RARKPEET ORI TH %56, TOAREURIGERH 5, |
B RRAEZFERT DA, [IQEHER ST 572012, U RRREH 2N T 5 72O OFRE ST
bbb, SHED stream (F—BETARLIEZbO L, B BETAKRLEZLD) X, TALDE
BREE L., — DDy FALEFEEINDOENH LI 7Y s, o7 ) o 7RI
BT LT ORI 24T 9 Z L HERR S D,

4. INSPECTION LIFE-CYCLE EDOZA 7Y A 7))
4.1 Common Sources of Added Particulates (00 S 3L 7= b D@ D HRIR)

Particles may originate from many sources. They are discussed here, as well as in other chapters
in the USP-NF (e.g., chapter Measurement of Subvisible Particulate Matter in Therapeutic
Protein Injections { 1787 }). Those that are foreign to the manufacturing process are considered
to be exogenous or “extrinsic” in origin; these include hair, non-process-related fibers, starch,
minerals, insect parts, and similar inorganic and organic materials. Extrinsic material is
generally a one-time occurrence and should result in the rejection of the affected container in
which it is seen; however, elevated levels in the lot may implicate a broader contribution from
the same source. These particles may carry an increased risk of microbiological or extractable
contamination, because less is known about their path prior to deposition in the product
container.

Fi X, Z<OFEICHKRTLEZTHA I, ZORICEL T, USP-NF ofio & (#i 21X,
Chapter “Measurement of Subvisible Particulate Matter in Therapeutic Protein Injections <1787>" ) & Al
FRIZ, T2 TR TFORAICGEREIT Y, MET vt X L ITEEMRDRL1X, ZDHEK (origin) 73,
exogenous (shkt) F 72 iX“extrinsic” Gkt M) THDH EBZ HD, 3 THIUHITIE, & (hain) |
7'a - AR LR WOEERHE (non-process-related fibers) . WK (starch) R4 (minerals) . 2 HLOIKD T F (insect
parts) 35 L ONFEIR 72 HERE A 35 L OVERERY 720’8 (similar inorganic and organic materials) 7235 £415, ZALH DA
KMEDOWE T — XA, HFERT (one-time occurrence) TH Y | TN LN EEROFEFEEZES LOT
Hb, 5 LLRRL, By RTOZEOLURERTLZE1E, RAURRNEY RERFE5EL
TWLHEDOTHAY, ZNLLDORFIX, MEMTRE D WVITWEDN T T X5 72755

(microbiological or extractable contamination) D U A7 DMK ZFE->TW5, EWI DL, T ORI EER
PRANFET 2 LV RTORKEIZONTIE, HEV ISR TRV LTH D,

Other particles are considered “intrinsic”, or from within. These may come from processing
equipment or primary packaging materials that were either added during processing or not
removed during container preparation. These primary product-contact materials may include

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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stainless steel, seals, gaskets, packaging glass and rubber, fluid transport tubing, and silicone
lubricant. Such particles still pose the risk of a foreign body, but generally come from sterile or
sanitized materials and more is known about their interactions when in contact with the product.
These process-related intrinsic particles should have controls established based on the use of a
life-cycle approach as outlined in Section 1.3. Another group of particles considered intrinsic is
related to the stability of the product. These product stability-related particles come from
container/closure interaction, unintended changes to the drug formulation (degradation), or
temperature sensitivity over time. Stability-related intrinsic particles should be identified and
addressed as early in the product development process as possible.

Z OMORIFIE, “intrinsic” @aic@aR) THLH, HLNVIZOTENNPLAELLI D LEZ DR
B, ZTNHIEF TR EATHEHINAHERDL D WIT—RAMNEL DD EEZLNTEY, i
IMTHCRMEND D, & D WVIIFEEOUEHO TR TIIEY) BRI/ I A S L& 2
HILTWAD, 6 DO8LE, & O —IREERRY) 5 (primary product-contact materials) (213, A 7 > L & (stainless steel)
—)b (seals) . A b (gaskets) . EIMEFH T A KON L (packaging glass and rubber) . & (AN 16 A G
(fluid transport tubing) 33 X TN/ U = LABVEIH (silicone lubricant) 235 £ D, FD X 9 ki1, #1TH
2B, B (foreignbody) 72D Y AT %ﬁﬁ“é D3, RN IERE B DUV EZIHTE (sanitized) S ALTZE
BV, T, B EER LG AT EAEN (nteraction) ZEZ T2 ENHHNTWD, £ b
ofLE T o A |CEET A [E l’ﬁiﬁﬁ? (process-related intrinsic particles) 1. Section 1.3 [ZHfRE 41TV 5 X
VRTAT AT )V T 7B —F (ife-cycle approach) DFFICIE SN THEN. SN EHEZ T RETH
%, A (ntinsic) THDHEZEZOLNDRFOMD T N—T1F, WEOLZEMEIFRD LD THD, £
S OB EMEIC BT DR FI1E, Bgs MO ALUL (container/closure interaction) | [ 3 i AL 1T %F
T HEEK L TWRWELL (1L ; unintended changes to the drug formulation (degradation)) . & 5 W M AREER) 722 5
JEAZ M (temperature sensitivity over time) 7> H D TH D, LEMEITIR D EA 7R 71X, AIREZR[R Y | Y
EuBHIE 7 0B AORER BVBRETRE L, Y BT 5 RETH D,

A third category of particles is the “inherent” particles, which are known to be or intended to be
associated with specific product formulations. The physical form or nature of the inherent
particles varies from product to product and includes solutions, suspensions, emulsions, and
other drug delivery systems that are designed as particle assemblies (agglomerates, aggregates).
For protein-based products in which the aggregates may form longer chains or protein strands,
the protein species may become visibly detectable as haze or individual particles during changes
over the shelf-life. Product formulation-related suspensions or particulate formation should be
studied in the development phase and in samples placed on stability to determine the normal
characteristics and time-based changes that can occur. Use of automated particle counting or

image analysis in the subvisible and visible ranges for particle sizes = 2 um may be required to
fully characterize inherent formulation-related particles. Inherent particles should have a defined

BRI TR R I A2 A TN ET, BCUIEE AT 5 ETO—2>0BIFIcHE £ A,
FAEH 7T, B X MTENCH7c - T, ST HRTIZE > TRFEU,


http://www.usppf.com/pf/pub/data/v411/CHA_IPR_411_c1790.html%23CHA_IPR_411_c1790s5
http://www.usppf.com/pf/pub/data/v411/CHA_IPR_411_c1790.html%23CHA_IPR_411_c1790s5
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Lite Scientia

allowable profile over the shelf-life of the product. Where applicable, the inherent particle
profile may be covered in product-submission documentation or product-specific monographs.

BiF+DOE=DhT 3V IX “EA 7R (“inherent”) KL ToH Y | BrE DL ERET 5 Z E RS
ncTnizn, BRE Z}ITU D THEDOTH D, BRI (inherent particles) DWIERJ72TEARES 5\
R i%%umﬂ ZEALT DI F AU S I XIRHR (solutions) . BRVEK (suspensions) . =~ /L3 = > (emulsions) .
F L particle assemblies (51 %1%, agglomerates, aggregates) & L CaXat LTV b Z Do drug

delivery systems 738 £ 5, BEEEIK (aggregates) 75, RBHD B D WNIT-AEHED A kT 0 B #RAEE)
MBI TNTHA D T AHBEN—ADHRLEL (protein-based products) 1L, Z D X 9 72 FIHD 7= A HE
X, TOHEHIM sheiflife) 127> TOEE LTWDLHIZ, EYEYH D WIXME % ORLT (haze or
individual particles) & 72 V) | @Hﬁf*ﬁﬂjf% L ThAH, BEONIFIZEEET 2 8EIK & 25 W IThi DI
Rl BB & ZEMRA (Ziu, @E RS & AL D THA D RFRINZE L& i~
LTI AThND) ITE >2’L7L:4j‘ YITNTITORETH D, P A XA =2 um O A & RAlH O
IO HIPH (subvisible and visible ranges) (23517 2 BERRL 71 & A A — AT O HIX, [EA 704005 BEURL
%@+%&%@Hﬂ%£_@éf%éoolﬁ&h%i Z DR OFNRENZ DT> To, BUE
SNTZHRIND TR T 7 ANEFFORETH D, ARG EICIE, TOEARKF7Tr 7 7 AL
% . product-submission documentation & % \ & product-specific monographs () (ZEWTHEYHH =
ETHR,

* 0 BRI WIR B BERRICRD FE L b D, BiE RS ORI A R L 72 CE T,
BEDREHKIAR D ICE L BN D,

An evaluation of the potential impact of particles identified from any of these sources may be
enhanced by incorporating a clinical risk assessment. This assessment may include factors such
as the intended patient population, route of administration, source of the particles, and
implications for product sterility. For intrinsic or inherent particulate matter sources, a risk
assessment may be useful in developing product-specific control strategies. Given the
probabilistic nature of particle detection, it is important to assess the possible implications of
particles identified through the product life-cycle to better ensure the product’s safe use.

FEATR (sources) DTN T o0 D Z & BRFE SAVTCRLFIT DWW T D RREMED 51 /X7~ OFHiliE

BERDO U AT « TEAAL FOFMiEFHFAT D Z LICE > TEOfifEZmDLNLTHA I, =
DT BAA L M, BRIL D HBEFLEM (intended patient population)  &-5-F&H (route of administration) . 7
T D HIJR (source of the particles) 33 J2 OV i 0D JE & M | Z4% 2 HEH (implications for product sterility) 0 &2 9 7[R
WEEND, WEEA (ntrinsic &2\ inherent)  (3k) 7KL F O HRIFICE L T, "Wl Fob L72E
FRELHS (product-specific control strategies) D BAFEIZ, VAT « THEARA LV " E{THOZENFRATHA S, K
TRREIHERA L EEN D L 0T, MEORERHEE L0 XIRIET 572012, ®iHT A ¥4

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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I VAR L CREE SIVIERL - O A REMED & 2 HEH (possible implications) 2 7P~ 2 Z & (to assess) 73 B 22
Th b,

% 0 (BRIE) Z 2T “intrinsic” X, Z ORA|ORLE TR 5 OIS LEIEORIE) SRR AET DR F52 S L.
“inherent” 1ZZ ORI D “FIE L L ChiF+252" BE5%2ET b0 BEbh b,

4.2 Prevention of Particulates ~ Chi D[ Ik)

The manufacturing process is designed to keep the final container and its contents clean within
the control parameters established for process-related intrinsic particulates. Once the container is
filled, the stability of the product needs to be maintained throughout its shelf life. Changes that
occur as the product ages during its normal shelf life must be characterized. Avoidance of
intrinsic particle sources that may affect final product stability depends on careful consideration
of the entire product system. If these intrinsically sourced changes occur, and they affect
stability, particles ranging from sub-visible to visible may develop. Typically, these particles
result from change mechanisms that slowly affect the on-shelf product.

g7 v XX, e R ZBE T 5 [EAA ORI T (process-related intrinsic particulates) (Z-OVNT, N S A7
BFHANTA—=ZNIZ, BRI EEONEMERTET D LRGN TS, DETZUERHICHR
R, B OZEMEL, T OADWIR Ghelf life) 218 L CHERFT 2 MENRH 5, TOMWE DAL
HAMR T, RS OREIFE L (productages) & L CTH U BB L& B AT 72 uidZe 72w, el o2z

BN % KAF T 00 S FA R W EARL 58 AR (intrinsic particle sources) 2 30E1T 2 2 &%, BT AT A
BRIZDIZ > TOEERVWBRIKFT LD TH D, b LENDL DEARL A DRAERDZEA
(intrinsically sourced changes) 23 U7272 1L, ZNUHNLEEMEICEE L, HIRTCITIR AW O RE X
(sub-visible) 725 FIHRAIY A X (visible) F TORLF- YA XD~ L FEET D000 LR, —iKHY
W2k, EN 6 ORiF1E. HIRELE (on-shelfproduct) DAL A H = A LTHBEHE 255D THD .,
LPpo< D EALDLHEDTHA D,

4.2.1 ROBUST DESIGN DURING DEVELOPMENT  (BHI&HAR th ogifae ik & % #% )

To anticipate potential sources of instability that yield intrinsic particles, the product design is
evaluated from many perspectives, beginning with a literature review of similar
formulae/packages. Points to consider include the reported sensitivities of the active, the
formulation type, and the final container/closure system needed for delivery. Knowledge of how
glass containers are fabricated, controlled, sterilized, and tested is important as this may affect
the tendency to form glass lamellae [42] [43]. Obtaining further information on residual extracts,
possible leachates, metals, or solubility-edge conditions is important as these factors may

FRRICIZL TGRS BHE S I A XA THRHEWE T, FiCUIEREZ T2 ETO—20ITIcRE 5 A,
FALH I, B OYTENCH 72> TE, TR L > TS,
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promote formation of solid material in the desired solution. Several additional key factors for
successful product design are the product concentration, solution pH, critical micelle
concentration, oligomerization content/potential, package effects (large surface area, product
volume, head space, light/oxygen transmission), and compatibility of the formulation with the
package. Some key formulation design factors include the formula components chosen and their
purity; the solubilities of the active ingredient(s) and excipients, and consideration of potential
salt forms. Finally, to maximize product stability, consider the final product preparation for
delivery, product dilutions, and shelf stability of the commercial product or its therapeutic
preparations.

[ 45K+ (intrinsic particles) &4 U A RZEMIZOWTORREMH 28K 2 FHIT 5 7=, L ORE
I, Z<OERDEFHEZATV, T E FIRFIS, RS /OO O TO L B2 —
ZEIGT D, ZOFREFEIE (points to consider) (X, JFFEIZ DWW THAE STV DS (sensitivities) | AL
TDZAT BELOEDEE (delivery) [ ZHERERIN R R G MeT AT LIVEEND, T AR
ZEDEIOITMIL, FHLWEL, TLTHRBT 200 E W HEENEETH D, LW 5 DIE,
OO TREIL, T ADOFEHCIRET T (glass lamellae) 74 U SEAHBENTFEL TWE0HTHD [42]
[43] . FRAFHHY) (residual extracts) . FIREMED DAY (possible leachates) . 4 J& (metals) . & D WM&
solubility-edge conditions sy - ki - 28w+ 2 8R4k 2 IC DWW T O HE R DR EHH Z LITEETH D,
LWV IHDIE, ENHLORTFIE, B E T 5T COREIEWE DR A RET 2 0v b M aning
Th o, BARFEZRNEICKED LT 2DIZITW < OO BEEZBMREERKFI1X, kDO XD
BRbDNRH D,

« BIELOPREE (product concentration)

* Y& & pH (solution pH)

- FRS X B VIREE (critical micelle concentration)

« AV I~—=5E &,/ AHEME (oligomerization content/potential)

- OIRORE (REpREH, WA E, ~y FAX— Ot/ MFEEE) . BLO

<@ LA E O ATE (compatibility)
ROMOHEIERITT EORRG EORFIT, EE SN HG SO OMEE ; FEE (HEE
B LAl B X OO ATREMES B EN D, RAEAIC, G B D2 etz i Rk
T 7200, HMEGHREEE (delivery) (2B L TORGRAZ2 BGAIFRE ), B (A oA REE, ik
FUEL I D VMNIZ DIBWED 728 DOFHEIY (therapeutic preparations) D shelf stability (HaiiiozEt2) 2% 2
2,

To examine the appropriateness of the product design for maintaining product stability, there are
two levels of evaluation. Both levels examine retained containers for visible changes using
methods described in this chapter, but neither level dwells on low percentage defects.

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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SO EMZHEFFICE L COBORFOEUIMELZ TIN5 7-DIZIE, 2 OOFHliL A3 H 5,
W HOLVE ZOREICBRRLNT HEEFEH LT T*ﬁﬁ’]ﬁﬂﬁ (visible changes) (Z-DVNT, £RIEY
)L (retained containers) Z IR AN, FOWGTDOL L& RN R—F— T =IO KRKEIZ A B

VY, GRIE . 20 OBEWARRE)

For the first level of stability study, bench trials consisting of visual inspection of trial containers
in the formulation lab will show general compatibility of the chosen components over time with
regard to clarity, color, and particle formation. Careful product assembly in clean containers,
with consideration of the container type, headspace, and sealing, will yield a beneficial first-pass
trial of stability over several months’ time. Detection of extrinsic particles at this stage of
development is generally not significant, as the particles do not reflect on the formulation under
development.

BEMERED RN O L~ LB L TlE, formulation lab (it : &3 2 #REEEAH) T trial containers (1
Vi TSRS OFRGEN R BTV 2) D BIRMRA N D725 X T« N T A T L (bench trials) 1, VEEBATE (clarity)
H (color) . FIFTEAL (particle formation) (2R L C DB REIE . Eéﬂf_@ﬁﬁk TO— %A 72
‘%A@a’:%#% DTHHDe BeaDFA T, ~y FAN—Z (bemi BLOY—U 7 (@)
0)5%‘ 2. 7V — U RE TOEBEIRWEL OFL AN T (careful product assembly) 1%, $XH B2 725
‘@O) beneficial first-pass Grit: [Flis# b7 o RoONERE) 0E?) ZAELDHHDOTHAH, BAIFKED
@Exﬁ ECOBEFRLT (extrinsic particles) DR HIEL, —fXAIIZ, EETIIRV, EWH DL, KX
PR IS COMTITHKML 20 BTH %,

The second, more refined level of stability study involves conducting visual inspections of the
injection in defined, ICH-relevant trials requiring periodic inspection of the same containers
over time. Detection of minor or subtle differences in these containers is not the goal at this
stage of development. Catastrophic change and the occurrence of intrinsic product-related
visible particles should be the focus. Typically, a set of containers is carefully prepared to
exclude extrinsic particles and is then inspected to cull out any units with visible defects. Next, a
numbered set of containers appropriate for the batch size is placed on trial and visually inspected
periodically; a typical sample size is 80 or 100 units. Additional sets of containers stored at
selected extremes of ICH temperatures can be followed to aid discovery of solubility-edge
phenomena. When unwanted changes are detected—such as particle formation, solution color
change, solution haze, and package changes—the process of isolation, characterization, and
identification can commence. ldentification of the material making up the changes aids in
determination of the cause, as well as development of improvements for future use.

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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BT, BWEMEREEBEO LI LU (more refined level) 1%, FRE I 7=, ICH-BIED trials (3
R TH 5, WRERT L, EkatE L) IZB W, ERAIO BIEREOEE LD LD TH D08,
Zhud, BEHIMICHZ 5T (overtime : et Ews2) [ UREROEHN2RELZLE LT 5, Thb
DEIBIT D~ AT =72, HDWIFBUNeMEORH L, BRSO Z OERETO I —/LTiEZRu,
IR 72284t (catastrophic change) & [ A 7e B (BUAI) (4R 5 AIHLRPRL T+ (intrinsic product-related visible particles)
DFAEIZERELYTLOINETHDH, —MAIS, 1M Gk L FociEn» S, 80~100 AR LY o & %< Ok
<hs) DREe% . [EARL T (extrinsic particles) 73 A SRV D IZHEBESHAEL, AL T, BHEAX
oz Fr BN Ban PR 4 5, WIS, Ny FH A XZRE > 2 st LR %, trial ([0
T EEmxtge L) EHIICAEMAEST 2, AR T4 X3, 80~100 LA # TH D,
KEeDENE Y M| ICH TE® DIREDREE S AV RIRE Rk 777 v 7 1 v 7B TomiEsmoR
) CIRAT L. IERIMEDOBERELGE (solubility-edge phenomena) DFE LA BT A2 DIZH YT H T LR TE
Do BT (particle formation) . VAR D75 4 (solution color change) « AR DTV Y (solution haze) &+ L T/,
LOED X S 72, BE L RWELARESNZGE, Gur: zokTo) BE Rt £ L CH
EDOFIEEZFIET 5, 2L TECTZMEDOREX, ZOREREICHESLD, Fhedtic, ko
FEHOLBORRBIZHELS>THA D,

4.2.2 COMMON SOURCES OF INTRINSIC PARTICULATES ([ 7+ o Hd 7o /i Slei)

Process-related intrinsic particles originating from product contact materials tend to be stable
and unchanging (e.g., glass, rubber, or metal). In contrast, product instability results from
change mechanisms within the final product. It is very important to understand that these
changes only have to be slight in certain cases, far below the detection limit of most release or
stability assays, to result in visible changes to the product. The threshold levels for the formation
of visible change for certain substances may be only 10-100 ppm (0.001%-0.01%). However, if
all of this insoluble material were contained in a single visible particle, it would likely cause
rejection of the container. Physical instability may be promoted by content below the threshold
of acceptable chemical purity.

B LAY SR D 7 e A RO BEFRL T (intrinsic particles) [, ZE L TCWT, o2& kL7
WERH D BIZIE, HT A, A HDHVIEERE) . TR IERRGIC, B @HED) oRg
S, RN TOEEA D =X BN AL D, T D OB, Hf&RENTORMRNEL
Z/ETCSEDITIE. HLGEITIIFEF IR . D% < DEEED D VITLEMEDE RIEDH
HERE E VXD 0NTERN S D TH D, & 2WE (HEE) OFHIZE O ARIZBET 2 B L1,
772 10-100 ppm  (0.001 % - 0.01 %) TH 5, L L7anb, b L, ZOREEHEDOLTH, H
—OREIRL I E UL, B T, BEABRORHEORIK L 725 ThAH D, WHNL AL E
S, A SN D FHIME OBIE &V HARNE B K > T S 500 b AdL7e

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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4.2.3 FORMULATION COMPONENTS  (ZL55%4y)

The active ingredient may also contribute to the formation of intrinsic particles. The
determination of whether the particulate is inherent or intrinsic to the process is based upon
toxicology studies and clinical studies. However, these studies may not be sufficiently long term
or sensitive to reveal a particularly insoluble component of the drug at low levels that grow with
time. It is also possible for substances to be incorporated into the bulk drug from all points of
contact in the synthetic process. These are miscible in the formulation, yet may precipitate from
solution over time as a visible haze or particulate matter. For example, significant haze and
particles have manifested in aqueous formulations due to extraction of plasticizers from
filtration media during bulk drug production [6]. Metal content in the active ingredient has
contributed to organometallic salt formation and has also been observed as precipitated
inorganic salts, blooming long after product release. The active ingredient and related
degradation products may also be relatively insoluble and may grow to form visible particles.

JFEERR T E 7=, EARLT (ntrinsic particles) DFERIZTH G T HThHAH D, TORI125, 7 at ATk
L C inherent (iRik : RAIFIMIC A KT 0F 2) CTdb 52> intrinsic Gk : s TRIC kKT 2K T) TH D0 D
WREIL, BIEFRIMFSE (toxicology studies) 35 2 UNERIR FZHIMFSE (clinical studies) FAALICEED < Z &2 5D,

L LZehnb, ZRo0#EE, REMICHOZ5 b0 TiERWL, Frlo, K EHIZHRET S, K
W LU T ORI DO RNENEI T R 2 T 1O DEEIX, A0 Thod, FHULER, A7 R
TRITBNWT, #EiT 52 TOENNL D/ VT FIEIZA-> TS 2METHLARERH D, £
Ok, WHFRERHZIRF S 4L, AIEY 72 E-7 & v <ORI 1 (visible haze or particulate matter) D X 9 72 % D &
B L, R & L WO DT A Th A 9, BIZiE, OEWVETEYCRLT Gignificant haze and
particles) 1d. /KIESIRMLITTHN S, T, 2L 7 JFEIRBES O A8 (filration media) 7> 5 0 7] ¥
(plasticizers) OHIHIZ L2 D TH S [6], RIEFOESREHEIT, AHMESRIEIZAL (organometallic
sal) ([CHRT D HOTHY . 8-S O %272 0 1 X T (blooming long after product release) 7> 5 HEFEM: D
AR SE D Z E b BRI N TWD, RISy & F DO L7=H i K D4R (related degradation
products) | &, HEHIANEETH Y . WIHEINZRKLF 2T 2 £ TICHE T %,

Monomers or single molecules may join together through chemical processes to form dimers,
trimers, and oligomers (a limited assemblage of monomers, short of polymerization). Such
changes are not unexpected [44]. In high-concentration and/or saturated formulations, and
especially for micellar drug associations, the solubility of related forms is significant when the
aging formulations contain progressively higher concentrations of these substances. Larger
molecules may have a greater effect on solution integrity due to their inherent insolubility,
especially if the active drug is in a micellar formulation.

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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Lite Scientia

E /) v— (BHEK) HHE—O5 7, L5 7 et A28 LT &K (dimers) . = FAK (trimers) |
BLOAY == MZHT D2 & Tl D, LD &9 BT, TEAD L OTITZARN [44]
FRERS IO 3 AR oM, £ LTI I B/ L L2 3AI DA (micellar drug associations)
T, WEBEWIREOZNOWEZ B0 EIL, =4 P 7 LML (aging formulations) Tidk, A
BRbDEIRD GUERTIRER LE< 25 2), KD RERSFITRIC, b LREED T BVTERK (micellar
formulation) % L7272 HIX. Z OB KL A (inherent) S RIAFENME TH D 7280, IO 5E2ME (solution integrity :
I THIRIRIE S VORI L LToReM? ) ) ICH D REREELZ 6T THAD.

* (JFSCR o) oligomers ; €/ ~—DOREM2EA (alimited assemblage of monomers) 33 &
O F£721% %\ polymerization % &Z K45,

Polymorphs are unique crystalline forms of identical chemical entities. Although uncommon in
solutions that have been mixed homogeneously and filtered, small seed crystals of a relatively
stable polymorph may form over time, especially at nucleation sites such as container-surface
defects. More common than formation of polymorphs is formation of a modified crystal lattice
containing an integral liquid, typically water or solvent. The lattice may form slowly, promoted
by evaporation, nucleation, and temperature extremes [45] [46].

LR (polymorphs) 1. [ —DALZEYE (identical chemical entities) Tl db D 2%, A2 5L PREEZ H > T
Do BIZIRAE SN, T LTHIESNDEETIE Guk: 2itesd o) BEICR LRV, ik
HIZETE 72 B TEAR D /INEDFEEL (seed crystals) DS HAUIE. ZFAVITRFRIRGE (over time) & LIZELIN A T
B D, FFIC AT, FasRi DKM Gk : x208w»?) &5 o270 X 9 7ekk & 72 M7 (nucleation sites)

T Z B, ZIARDIERR LIS D K 0 —fBei0 72 & D1, integral liquid Grix:: Ewkrs%) & & T» modified crystal
lattice (fEfififii k& T 2) DK TH D, ZORAETIZ. po< D LA S, Z&FE. ik
ARIE R OSERE 2) [ZR VIS D THA S [45]

{1

(nucleation) ., % L T temperature extremes (
[46],

4.2.4 PACKAGING COMPONENTS  (G3%&44 8}

Extractables and leachables are terms commonly used to describe the potential for containers to
contribute unwanted agents to the product. Extractables represent all of the materials that could
be contributed, and leachables represent the practical contribution upon contact between
container and drug formulation [47]. These substances can also contribute to the formation of
subvisible and visible particles.

FHH) (extractables) 3 JX ONVAHIH) (leachables) (3, i (BUHI) (2L > TEE L < Z2WWE (unwanted agents)
DOFAEPRE 72 D H IR VRO AREMEZ IR 5 72 DIs, —RINICHEH SN HFETH 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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Lite Scientia

W) (extractables) 1L, e/ HHTL D A[REMEZFFORTOWEZ R L TWDH 0, IRHM (leachables) 13,
Kam & EIHMBAAFG OMOBERIZ LY | FERICEBR LTS 2WEEZEBLTWD [47] . ZLbDOWE
. Fz AR A XOR -5 LOFERRBY A ZORL-OFKICEE 53 5,

Formulation attack of the container is most dramatic in glass container systems. Glass containers
undergo corrosion that is 25 times greater at pH 8 than at pH 4 [48]. A formulation pH above 7,
especially with high ionic strength solutions, promotes attack of the inner glass surface, resulting
in particle generation.

K DOFAGE R ORI AEA (formulation attack) (X, H T AR AT LA THERLEZATI VI ThD,
T AL, pH4 TE Y LT LA pH8 T, 25 [BILL DR B (corrosion) & 52 1T 5 [48], FRTEA A
VERE L IR B pH T UL ETORIBIZ. T ARERHDORBEZRESE R FAEREE LD Z IR D,

Silicone oil is added to prefilled glass syringe systems to enhance lubricity for closure insertion
and/or syringe movement. Silicone may also come from tubing used for fluid transfer and a
variety of polymeric fittings and seals that are used in the processing equipment. All of these
components must be compatible with the formulation to minimize leachates. Although silicones
are processed to be sterile and are widely used, their use must still be controlled. Silicone can
cause container sidewall droplets and a variety of visible semi-solid forms. No more than the
minimum quantity should be used during processing. Silicone and other hydrophobic substances
have the capacity to coalesce and agglomerate with other particles, reaching a visible size.

TULT 4R Y VAT KR LT, ROFACY Y YO E OFEEEZ RS 57
WIZ, YV arFAAPMEbDd, vV aridEzl, WEOBXRIFERINLETF2—7, 7'n
B AREEHITAE T D 28672 R U < —ME DA dl (polymeric fittings) 33 X TN 2 —/L (seals) 2 H A > TL B,
Z S DOFEB (components) DA TIL, WHIMIA /N E 72 % X912, MR Z XIS SERITIFR B0y,
vUaE, EEERDLDIETE T, O EHEINTWADN, ZOMEHZ £ 7261 L
U7 570, U T IR OMBEZ AT AT DU (container sidewall droplet) <X, 4 4 72 RI LAY 732 -
[E AR ODRLF-FZRL (visible semi-solid forms) DJRK & 72 V155, 7'at AZi3HK/PMEOEEFEHT XETH
%o VU ABIUMMOBUKIEDOWEIL, ORI T IZHA (coalesce) L, 2 OUREET S8/ 285> T
BY . EIUTESEANTIL AR A XIZBET 5,

4.3 Particulate Removal by Component Washing (B2 #s i 2 K 2R - DFRZE)
4.3.1 GLASS CONTAINERS  (H T 2 A %)

Each step of the glass-container washing and rinsing process should be evaluated for
particle-reduction capability. The washer validation studies should demonstrate a reduction in

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,



U.S. Pharmacopeial Forum, 41(1) Jan-Feb 2015)i¥#. : Page 29 of 64 pages I_ife SCientia
In-Process Revision: <1790> VISUAL INSPECTION OF INJECTIONS #4#lo H G A

ZOBEHIUSP @ (%) TH V., FEMRNATIEH 0 E8 A, HIlr & TSI, B USP OB B ME T,

naturally occurring particles or should use seeded containers to demonstrate such reduction
capability. The use of statistical sampling plans with light obscuration and/or membrane
microscopic particle-counting methods can provide a means to demonstrate reduction of both
subvisible and visible particles during washing cycle development and validation. During
process development, validation, and routine use, container-washing procedures should include
periodic visual operational checks. This routine verification ensures that effective draining of all
containers is occurring during all washing and rinsing steps. Review the wash-water
recirculating filter maintenance procedures to ensure that particle overloading or breakthrough is
being prevented.

H T ARG DOUEFB LN ADT v ADE AT v 7 id, bR EFHMET X THhs, Ik
WO N F— g VA, R AT DRI 7 (naturally occurring particles) DIV & RE X & ThH 5,
FlE, FDO XD RN HREAT D 72DIT, ki f%& A/ 7 LT-%545 (seeded containers) % {5 F 9
RETH D, HatiIY 7Y 72T SRR FEHANER L OV £ 7213 A 7 T BT
FNEZGEH L CHET S Z 21X, WisF A 7 VOBRBLONY T —v a U HOIEHREIE L O
BHRATHRIF (subvisible and visible particles) D[l )7 DD ZFFA I B HEEZ 525D THD, 7Tk A
B, NUT—va BRI O—F AT, BERTEEITIE (procedures) 13, E IR B HHEZEIC
L B F = 7 (visual operational checks) & & O B XX ThH 5D, ZIL% H HBINIHEZR (verification) 5 Z & 13X,
B TORIDERN 72K (effective draining) 73, 42T DPEIEIS L OVE X D AT+ 7 (washing and rinsing steps)
HIZAELTWAZ EZRFET HH D TH D, K- OIS (overloading) &> 2 VNI (breakthrough) 73K
DILTNDZ EELRIET DD, K—KIEER T 4 /v H —D A>T J515 (wash-water recirculating filter
maintenance procedures) % L B2 —79 5 Z &,

Glass breakage that occurs during the component washing process should be evaluated for
possible glass particle generation that could affect surrounding containers. Effective written
container-clearance procedures following these occurrences should specify the number of
containers to be removed from the affected portion of the line. Removing units that could
potentially contain glass particles aids in minimizing particle transfer to the downstream
process.

HEERas DYEYE 7 2 A (component washing process) HIZ4E U2 4 7 AfHEIZ. BHE THAET LU T AhL
T, ZORDORIEEST DG TREMEICOWTRHMliZ T _R& TH D, TDOLX ) REEHED
AN TIT I BEZ VT T 2 ADTFJEZE (effective written container-clearance procedures) 1d, 5% 7 A > D
BT DM NOIY EDRGOBEHET D2 L, T ART 2 ETe [ RelED b 2 HALE 4
AED £5Z LiE, TR TREA~OR FOBEE E/MET 5 EToiT LD,

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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4.3.2 RUBBER STOPPERS ORPLUNGERS  (F AR E7-137 T 2 ¥ % —)

Each step of the rubber-component washing and rinsing process should be evaluated for
particle-reduction opportunities. Utilize statistical sampling plans to collect meaningful test units.
Light obscuration or other automated particle counting and membrane microscopic
particle-counting methods may be used to demonstrate reduction of both subvisible and visible
particles during washing validation. During process development and validation and in routine
use, container-washing procedures should include visual checks to ensure that stoppers are not
routinely sticking together. Such sticking surfaces reduce cleaning efficacy and entrap particles.
Periodic assessment of component cleanliness and supplier washing capabilities should be
included as part of the supplier qualification program when using purchased, ready-to-sterilize,
or ready-to-use components.

= A2 (rubber-component) DPEVFT T E S a8 ADKE AT v X, KL D FRTREYE (particle-reduction
opportunities) (Z DWW TEHIET 5 Z &, BHROH 2RBER AT 9 72D O HALE A (meaningful test units) % 528 5
2o, WEti Y TV 7T T R ERT S, TRFONY T =3 a R OIERERE L O
HIRLF- D 5 DD 2R T 5 720121, el Ok 73L& 2 W idfho B8 b S vk 75
H, BEOA T T VMR FRHNEEZ, EHTELTHAH, TRERDRABEEANY T — 3
Iz, £ L TCHBEREER T, 2k H #AYIT sticking together (i : = Afe v LTl /22 &)
DR TR Z & ZRAET D 72O, BaeFFIRICIZ AR TOF = v 7 (visual checks) Z 3 HDH T &,
ZDEOIBRAT ¥ 7L TV HEEIR, WHFAIMEZED S, KFx2 T v 735, AR
BEICHE SN TWD I8, HDWIET SHEMTE 5 2 A48 (purchased, ready-to-sterilize, or ready-to-use
components) 2 FH 3" 2 HFElX, = 2K DIEEME (component cleanliness) & HEAGFE D PEIFHE I (supplier washing
capabilities) D EMIIFEM 2, V7T A v —AE MR 7" 7 777 I (supplier qualification program) D& L
TEDDH L,

Evaluate any current siliconization process used—whether in-house or by the supplier—to
minimize excess silicone levels while maintaining machinability of the stoppers. Light
obscuration or other automated particle-counting method may be used to compare overall
particle level reduction (background silicone oil droplets) during process development or
validation. The level of residual silicone oil will affect the particulate quality of the final filled
product, observed as dispersed droplets and particle-forming matrices.

HAETITo TWA DY T T A4 T —TIToTHENFHIE LT, BIfEfToTnbH v a7 rtX
(siliconization process) Z P92 Z &, ZAUiE. I LR OEBEF M (machinavility) Z HEFF4 5 72912,
VUaUyPMEREINDGR, 2OV arERENERT I L e R/RET DD TH D, Sk

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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B DWW BBk Sk FRHEE ., 7B ROBRETH DV F— g VRO
IR LIV (NI T T RER>TND Y ) 2 A A D/NE) OB & il 2 72T
DBLEMAEETHA I, BIFTHVI avAAND L ULE, 5B LT-E— O (dispersed droplets)
BE ORI (particle-forming matrices) & L CHIZE S 4L, BRI FollE S 7= AL DR 1A B IS s 2
TLTHAD,

4.3.3 GLASS DEPYROGENATION (7 7 AFF#s D i A =)

Processes that use racks or trays for transporting and holding samples, as are typically used in
batch ovens, should be monitored for metal particle generation. The racks or trays should have a
formal maintenance program associated with their routine use. Trays should be inspected for
wear and scoring, which can be sources of particulates. Periodic cleaning, polishing, and/or
resurfacing may be warranted to effectively control particles. Tunnels used for depyrogenation
should also have a routine maintenance program for periodic cleaning, inspection, and
replacement of parts that may wear and generate particles. Routine process observation for glass
breakage allows for clearance of any potentially affected surrounding containers and minimizes
the occurrence of glass particles being carried downstream to filling.

Ny FROAF—7 2 Gk gy C—RAICEHA SN TWD Ko7, o7 AoiERH 50

REHDT v 7 (racks) £T21X M LA (rays) ZfEHT D7 v X%, &R TOREEE=F—T5
ZE. T I BRION AT, BEMEHEBEMIT CTERXR AT F AT ST Lo &,

TEHIHI72PE (cleaning) . AR Y 7 (polishing = (Rik) BEX RiFpz &) | 38 KOV XU resurfacing ik -
EEOFLEMT?) 1L, R RERFETHAS 5, WA alEH]T L horrvb £ TESHN R
V== . RE) . ThTEEo70RELED SEDHMOKM] 2O TONL—F
RAVTF VAT T KEFFOREThH D, W7 AMEHRICOWTONL—F Ui 7 a & 28I
AREMED B DB EZ TN ORRO 7 VT T AL O FHRMNEIEND B T Ak D%
Erh/MET D52 EEFABEICTAHLDOTH D,

4.3.4 EQUIPMENT PREPARATION (&5 H.0> %)

It is important to minimize redeposition of particles on product contact surfaces after cleaning.
Cleaned and sanitized equipment should be protected by HEPA-filtered, unidirectional airflow
until transferred to, and installed on, the filling line. For cleaned equipment that needs to be
wrapped or bagged prior to sterilization, utilize low-shedding, non-cellulose (synthetic)
wrapping materials. Cellulose fibers are one of the most common particles found in the
injections-manufacturing environment and injectable products.

FRRICIZL TGRS BHE S I A XA THRHEWE T, FiCUIEREZ T2 ETO—20ITIcRE 5 A,
FALH I, B OYTENCH 72> TE, TR L > TS,
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7 ) == T %O EAEN R~ OIS £ /MET 2 Z ENEETH D, 7 V=1Ll
=2 A A LT%m B (equipment) 13, BRI, BEERICE Y S, ZLTHREV T A UICAD E TOH
(X, HEPA TAHIl L7 —FaKi CTHR#ET 2 Z &, WRHANCEEL T, Ny 7RO L0EDH D

1B Arae 2L, FEEMEDME S L B m — X TldZe v (B D) B12ERE (low-shedding, non-cellulose (synthetic)
WmmeMQ%ﬂ%féotwmwxmﬁﬁ\@%ﬂ%ﬁ%ﬁ&@%ﬂfﬁ%ﬂé%%—%%@ﬁ
TO—>Th b,

435FILLING LINE (FHEF 1 )

The transfer of open containers should be conducted in Grade A (ISO 5, Class 100),
unidirectional air flow to minimize particle contamination. The air in critical zones should be
monitored continuously during operation to confirm compliance.

BAO L CWAREROBEIT, Wb 5% % f/IME 7 % 72912 Grade A (1SO 5, Class 100) D — 7 [a) it
HCiFH 2 &, ZOEBERY —LDEKIT. I T ITAT U AEMRT D700, EiE . HE
WZE=F—TDHT L,

Routine checks to detect particles and potential particle-generation locations should be
explained in the procedures. Effective, written container-clearance procedures to be used after
glass breakage should specify the number of containers to remove from the affected portion of
the line. Note that improper set-up and adjustment of the filler can lead to “needle strikes,”
where the filling needles make contact with the container being filled. This can generate either
stainless steel or glass particles.

B0, AIREMED & DRI T3 AEMFT 2 T 5720 DN —F VBT = v 7 1%, FIAE (procedures)
WZBWTHHATRETH L, VI AMEPEESERIEA SN &, 2R, ez VT 7
ADTFNAEE (container-clearance procedures) ElX, T A DL Z T HE DN HELY EDHRE BRI %
HETH &, 74 NME—OREY Rty b7 > 7 LFREEIX, “needle strikes” #E < Z LITIERT
5k, ZD“needle strikes” & 13X, FEHEFt (filling needles) 3% #s & T HIRETH D, ZT, AT
VL ARLA & H T AR DMl RFEAET D,

Filling pump design and the pump’s compatibility with the filling solution are important
considerations. Metal-on-metal piston pumps have a greater potential for generating metal
particles, compared with other types of piston pumps. Pump maintenance is essential and
includes a requirement to resurface the cylinders and pistons periodically. Peristaltic-action
pumps must be monitored for generation of silicone tubing particles, especially with aggressive,

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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Lite Scientia

near-saturated solutions or suspensions. Friction in the peristaltic roller area can break down the
tubing, resulting in the generation of particles.

FHETDHERED, RER T - THA L ZOR L TOMAGHEILZ, EEREBEFHTH D,
Metal-on-metal &> >R 7L, MDOX A TOEA MR T LI LT, BRI 254 S5 AlRE
PERREV, RTDALTFT U RFRADFEHTHY . TOALTFT AT, YU X —BLUE
A R OEMI 7 resurface (it ko EH2) OBERVEEND, RV AXT v I7ROKRT
(peristaltic-action pumps) 1X, U 2> F 2 — 7 HK DRI (silicone tubing particles) DIEEEE=X —FT5HZ &,
¥ElZ. aggressive, near-saturated solutions or suspensions (FRik : %92 AAFHIAH) ZHEH L TWAHHEITIE
HEEP/BLETHD, NV RLT 4 v 7 DR—F—ZhMDH Y (peristaltic roller area) DEEFRIE, F2—7 %
HEIE, BRELTHRFOREEZEL D,

Stopper bowl surfaces should have a formal maintenance program, and stopper handling or
replenishment by operators should be specifically designed to minimize particle transfer to the
stoppers.

T LA TID AR —/L (stopper bowl) DFE ML, IER (formal) DAL TF L ATl T AEEEOZ L,
FLT, ¥z, FEEFICL DT 2OEV N, HD V0T MHTE (replenishment) 1. = LA A~DRK+D
BT R/MET D L O IEREHT D Z L,

Proper operator positioning and avoidance of open containers is important in good, aseptic
filling practices to avoid microbial contamination. These same principles help reduce particle
transfer to the open containers.

WIE/REEE DS BAE] & [BAO LR ZlET 5 2 &) 13, SAEMEYZEE T 272D DER
RN EOREE L TEETHD, N ER CBHROWOFERIL, B ORI OR Bk %
SHEDHHIZTOMITERD,

Careful selection of cleaning and gowning materials will help reduce contamination from
extrinsic particles and fibers. These clean-room materials should be selected for their superior
non-shedding and low-particle properties.

Yevg & B I DG (cleaning and gowning materials) 0D VE B TRV VEIR 1T, A6t DRI+ 1L OSEHE (extrinsic particles
and fibers) 7O DIEGELH ) A TOMIT ERE2THAH, TNHDT Y —2 )— ATHEHAT 20N
OMEIX., EEOIERRLFDIEFEAED & D (superior non-shedding and low-particle properties) % BefR 35 Z &

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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4.4 Trending ( kL > R34T)

Data obtained from the inspection process are used for batch release. These data should also be
analyzed for adverse trends on a periodic basis, typically at least once per year. High-volume
products may generate sufficient data to allow quarterly analysis, whereas a longer period of
time may be necessary to accumulate data for products that are produced infrequently. Data
from component inspection, production 100% inspection, and the AQL inspections should be
evaluated based upon sound statistical principles to determine whether the current action levels
are accurately reflecting the current process capability. Alert levels may be introduced and/or
adjusted accordingly if the statistical analyses indicate that lower defect levels are being
observed consistently.

Ny FHAOTZDIZIE, RE TR TR ONET =X 2T, TNbOT7T—X3E -, BN (—
MEIZIX, BT 1B (2. BB (adverse trends) &R L CWR WA FENT 5 Z &, KREEDOHRES,
(high-volume products) 3. W-Em COMMNTZ R L T2 0 REBEDT — X 2G50 NETHA I N,
lrflEsnisnilfior—213, REHMICE > CTEBETLILERH D759, component
inspection (it : /3o 7 L EEReT LA ERORE) | BIETOREERA (production 100% inspection) | 35
FOAQLBENS DT —Z L, BATOT 7 a v LUy, EMIC 7T av AEN 2K ESETWD
MEFRDTZDIZ, Lonh & LERFRFEANCESWTEHMET 22 &, 77— ML ZEA
T2 DL, b LRI XV RWKEG L~ L2 F IR LT DD ThiuE, Zhilin
CTC, (TFI7—hFLULD) FHEEITH Z &,

When establishing new action or alert levels, a preliminary value may be used until sufficient
production experience is obtained. Consideration should be given to planned improvements in
the manufacturing and inspection processes. If significant improvements are planned, the
reduction of the action/alert level should not be instituted until the impact of the improvement is
measured over sufficient time to establish the validity of the new value.

BT 72 ar b _vHH0ET 7— UV ENLT D856, e BERBRAE LN ET
D, B ER7LAE (preliminary value) 2 H L TH L\, flikds L O 7' 1 & A OFHHEI) 7220 (planned
improvements) (ZXf L CHEEETHZ &, b L. KREREELFEBT DH20IE, WEDA X7 RHR,
E DT DA MNLT D T2 D D+ 43 I RFEIZ o 72 » TRIE D 45 £ TIE, action/alert leve
DRI, TRV &,

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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5. INTERPRETATION OF INSPECTION RESULTS (RSSO MR
5.1 Defect Classification  (K[gd 27 = ZABIT)

Defects are commonly grouped into classifications based on patient and compliance risk [2].
The most common system uses three groups: critical, major, and minor. Critical defects are
those that will cause serious adverse reaction or death of the patient if the product is used. This
classification includes any nonconformity that compromises the integrity of the container and
thereby risks microbiological contamination of the sterile product. Major defects carry the risk
of a temporary impairment or medically reversible reaction, or involve a remote probability of a
serious adverse reaction. This classification is also assigned to any defect which causes
impairment to the use of the product. These may result in a malfunction that makes the product
unusable. Minor defects do not impact product performance or compliance; they are often
cosmetic in nature, affecting only product appearance or pharmaceutical elegance.

REGIE— M, B EIEMNESFICER D U A7 (compliancerisk ) (2SN T 7 T 2517 &b [2]. %
bR AT DE, 3ODITN=T 2T LD TH D, B (critical) . EHK (major)

K OUEHK (minor) . BUATAIRE (critical defects) (£, & LZ O AMFH L7272 513, BEIZ Ej(fcﬁaaljﬁz
FH (serious adverse reaction) & D VMIEEZ AL L S H LK THD, ZD7 7 RIL, FasDeeMx G <
T5. Tbb, EEIGLOMAEMIGIRD Y 27 BY AT 2RO LW A HND GRiE: ki) RN
GEEIH (any nonconformity) 73& F 415, BEARZLKME (major defects) 1. —HFAT 72 HEBEFEZE (temporary impairment)

F 720, EFERZIEEAREZ2/ER (medically reversible reaction) & 5 VMEIE KR ZEIEA N & 2 HERIME
U\ (aremote probability of a serious adverse reaction) Y A7 ZfES D TH D, D7 T ARFITE T, £
OEEMS 2 Z & T, BERERET (impairment) DJRK &2 D KIGEIZHEIV HTHND, ZAbiE, #io
A TE R T OHEREEZAE T DD BHINIR (o, BwAs |, Framioos) . BER (=
A F—72) Kbalx, ®AEMRHLWIa T IAT o RIA NI VB RWRIBETH D, ;&
AHIE, EBITIER7ZH (cosmetic in nature) D H DTV, W OB H 2 VT E I O EHE S
(pharmaceutical elegance) (222845 H D Th D,

Visible particles from multiple sources can be present in drug products before 100% inspection.
Particulate matter is defined as “mobile undissolved particles, other than gas bubbles,
unintentionally present in the solutions” [49]. For visible particles, particle motion aids in
detection. Stationary particles are difficult to detect. Upon 100% inspection, visible extrinsic and
intrinsic particles should be reliably removed. The test method allows inherent particles to be
accepted if the product appearance specification allows the inherent particle types. The size of
particles reliably detected (270% probability of detection) is often between 100 and 300 pum.
This is dependent on the container characteristics (size, shape, transparency), inspection
conditions (lighting and duration), and particle characteristics (size, shape, color, and density).

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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BHEDIAET S O TR F1%, 2EE (100% inspection) FiIAN D EF L FIHEE L TWD, K+

(particulate matter) (& “VAIKHFICAAET 5. EX LTU\fﬁb\Fﬁ@ AT, B < AR (mobile
undissolved particles, other than gas bubbles, unintentionally present in the solutions) /Eq:}a(*) b [49] . AIRRATRL
WX LTI, BB I3MEEZIT 25D TH D, [EIE IFL TV DRI (stationary particles) 1%, 2 H
THZLENRHHETH D, 2EMRAE T, RIS X OWIRPEORL T (extrinsic and intrinsic particles)
TH ST Rty 5 = etk a0 ) B BRI 20 & L ORFISMBLO R TE D [E AL~ (inherent particle)
A TOFEZTR LTS bIE, ZOMBRGIEL, PR SN DS EARLF 2 FIREICT D (rix -
CoXEOERRH , [BHHE b TR TE % (=70% probability of detection) KDoA X1, Fx
(LT, 100 & 300um O TH 5, ZE, FesDRE (4 X, Tk, Bilt) | A (ighting
and duration) 33 TN, BRI THrME (R&E S, IR, ., Z L TEE) Lo TEASIND,

*(ER/JI_) = Kﬁé%ﬁ % 16 EQIEO) [6.07 /}_%—j‘%{]@j({g‘riﬁﬁ*ﬁ%%tgﬁ{ij 1T &(@%ﬂﬁﬁl&)éo
HEHF BRIEA2ET) OREMEMR T L 13, ZhboiEdicERT 52 8k< BALE, KBTI
BEHCE < SRME, RNEMEOMKL T 5,

5.1.1 EXTRINSIC, INTRINSIC, OR INHERENT PARTICLES
GoRtE, WIETED, & 2\ EE A ORLT)

Extrinsic particles are foreign to the manufacturing process and should be a rare occurrence.
Intrinsic material is generally associated with the primary packaging or processing equipment.
These process-related intrinsic particles should be monitored and trended for control purposes.
Other intrinsic materials are more often stability indicating and may indeed change due to aging,
concentration change, degradation, acceleration of reaction, and component interaction. The
intrinsic category should be recognized as different from inherent particle types. A good
example would be the inherent slight haze imparted by the light-scattering properties of a
protein formulation versus the intrinsic variable haze, droplets, and tearing imparted by excess
siliconization. Solution properties such as a slight haze or faint coloration of high-concentration
formulae and protein formulations are typical examples of an inherent characteristic of the
product fluid, with particle detection being enhanced with backlighting or bottom lighting if the
product has significant turbidity. In biologics, floating protein particles are considered inherent
when their presence may be measured, characterized, and determined to be part of the clinical
profile. Inherent particles may be accepted if the drug product has a control strategy showing
that this particulate category is part of the product clinical profile. The manufacturer may allow
inherent particles if the product appearance specification also allows their presence or if the
product is an emulsion or suspension. For suspension products, a test dissolving the suspension
that provides for extrinsic particle detection is also acceptable.

FRRICIZL TGRS BHE S I A XA THRHEWE T, FiCUIEREZ T2 ETO—20ITIcRE 5 A,
FALH I, B OYTENCH 72> TE, TR L > TS,
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AR (extrinsic particles) 14, 53E TREIMIHET2H DO TH Y BAEITRK TH 5, WIRTEYE (intrinsic
material) 1%, —fXFIIC. —IREMHDHWET ot A EBEELF o TWAE, FbD T at ARHE
ONEMERL X, E=Z U 7 &7, EHEANTR LY RELH5XETHDH, ZOMONEMEY
BHix, LR LIZZEROERLE R LD THY . =A P27 (aging « RFEEZAL (concentration change)
4V, (degradation) . SR (acceleration of reaction) 33 & OV% 55 8] OO FH AL Jits (component interaction) (2 & V) |
FEIZIZZT 5, NEREE WD BT 3V (intrinsic category) 1. [EAG 720174 A =7 (inherent particle types)
MHBFEL TS E LTSN RETHD, TD B WEHH L LT, 7= A EMERLIA (protein formulation)
OFEFEMIZ L > TR Z SN D EARENLT VY (inherentslighthaze) 238 5, Z Ui, [EA DL E)
LG \WEYEY (intrinsic variable haze) . &I (droplets) 38 L ONMBEFI 72V = L AVMLER (excess siliconization) (2
FVELLT ATV tearing EITRIRDEDTHD, @IREOLSE LT A FE O D)
REVYEYHDVIIAR YU & LIZAE LD (light haze or faint coloration) D X 9 7RV DPEE X, D (Grix -
rhare) BiEOWEOEARMEEORRNEFTH D, b L. TORGBHARKIE > TWLHDOTH
MU Ny 7005 DIED WIS & D WITER D D OJED S T i ORHIETR D 5N D TH S 5,
W)L Z BV T, FilEL TV AT AR (floating protein particles) 1, & D7 2 I E Hi Kk
<. %Tﬁfffﬂé’f ZLTC, RTa 77 ANVDO—HTHDHI EMRETE D EEITIL, EIEHE
A C(inherent) 2 b D THDHEFZ XD Z NN D, EH LKL (inherent particles) 1X, & L& DEFML
ORI AT Y PNEFERE ORI e T s A VDO THDH L AR LEHEEKE LoD TH
ﬂi\ ZIUTFE SN b O TH D, BIEEF L. b L2 ORI OIBIBUE S Z DI EE TR T 5
L BHOIWEEOHEN T LT a B D WIREIR TH D DG, [EA 7RI (inherent particles) %
uti:”ﬁ‘ LTCTH LW, Bl 2 1M ORI B U T, SRR 2 IR S 1 S-MERL 1+ (extrinsic particle detection)
DR ZF 5 £72, ij'ﬂi}’bgﬂ/b%)o

5.2 Unique Product and Container Considerations (###k 72 fhis X OVEZR~D B E)
5.2.1 LYOPHILIZED PRODUCT (Vi szt i)

Lyophilized products receive 100% inspection after the freeze-drying step has been completed
and each unit has been sealed. However, the solid, lyophilized cake can mask the presence of
visible particles because they cannot be seen within the solid matrix. The cake surface is visible
during inspection but accounts for only a small fraction of the cake volume. Because of these
challenges in evaluating acceptability, a small sample of units is reconstituted and inspected for
visible particles in addition to the 100% inspection of the cakes for visible particles. Care must
be taken during reconstitution of these samples to avoid contamination that can lead to
false-positive results. Sample preparation should be done in a clean environment with
appropriate particle-control measures. Reconstituted samples should be inspected using the same
conditions as those for visible particles. The destructive nature of this test limits the size of the
sample; however, the resultant fluid allows visible particles to be detected. Typical sampling

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,



U.S. Pharmacopeial Forum, 41(1) Jan-Feb 2015)i¥#. : Page 38 of 64 pages
In-Process Revision: <1790> VISUAL INSPECTION OF INJECTIONS #4#lo H G A

ZOBEBHIUSP @ () THY . mEBARRETIEH D A, HlBr 4TI, F&H D USP DB LETT,

Lite Scientia

plans for this type of test can be found in the special sampling plans S-3 and S-4 in ANSI/AQS
Z1.4 [38]. Once inspection of these reconstituted samples has been performed, they may be used
for other required testing, such as that for subvisible particles, potency, impurities, or other
specified tests. If particles are detected in this relatively small sample, additional units may be
reconstituted as part of an investigation and to assess the compliance of the entire batch.

SRR LI, BRAS IR A 7 o TRE T L. S HLERR D E B SRS AHURA (100% inspection)
%D, LLRBD, ZOEEOBFELIRZAT > 7o/ — 3 GREE : WA ISR T — ik L 7o
Ebo) 1L, AR OFEEZ~ A7 LTLE D, LWIHDIE, 6 (RER) IXEEO~ M) v
7 AONME TIXRZRONLTH D, F—FORETIRETRDL ZENHEKLIN, ZTOr—%0
AU 2T LAOMS —r THHI EEBRTHI L, RMEFHMIT Z ERE LW DIz, 7r—
X O FRIRL - O 2ERAEITIN 2 T, DB OB R & FEME L Ciilik + 2 &+ 5, Zhb
P T NOEMRR OHR (ZUIBRGMR R A E) 28T 5 KoKk e Ts2 s, 7o
BT, UK FER SN V= RBERTITY 28, MM LY v, BEmEZ L
TOLRLEHEFERA L THRET S22, ZORBRIIMERBR THL DT, T 7 ¥ 1 XI2idHl
BARd D, 5 LnLAns, ZOAEUERIRIZ, Ak 42, BT 22 ENAETHD, 2D
LA T OREBRORER Y7V 77 F 1%, special sampling plans S-3 and S-4 in ANSI/AQS
Z14[38] ICRDZENTE D, ZDOX I REEM LI 7L, G Ao) AL Kb->TL
F 2. FNEMOBERINTWVWDRBRIHEHTEDTHA 9, Bl 21X, FERHEPRL T (subvisible particles)
JUi (potency) . AHA (impurities) & HWME, MOHE S NTZREBR TH D, b LA 725, T DRy
X TN A TR SN LIE, HEOEHE LT, BIUONyFR2EKODa 7T 4T
A (EE~omat) I 72010, BIORMERE RS2 LD,

5.2.2 POWDER PRODUCT  (¥ysR#L4)

Sterile powders are difficult to inspect for particles due to powder flow and the occlusion of
white or light-colored particles by the drug product itself. Sterile powders should be
reconstituted and inspected for visible foreign particles using an approach similar to that for
lyophilized products, as discussed above.

BHEOMKRIL, MEOHRAOIZDIZ, £ LT, BERLZNVBAEN, AFD D WVITENTER DN
BRI (light-colored particles) T H 722, K FEBRETH I ENRETH 5, MR O IRIE, Bl TR
L7 E o, BB OZNERIC LS 7 T —F 2 HWT, AIARRASRAEY) 2 &7
2o

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,



U.S. Pharmacopeial Forum, 41(1) Jan-Feb 2015)i¥#. : Page 39 of 64 pages
In-Process Revision: <1790> VISUAL INSPECTION OF INJECTIONS #4#lo H G A

ZOBEBHIUSP @ () THY . mEBARRETIEH D A, HlBr 4TI, F&H D USP DB LETT,

Lite Scientia

5.2.3 AMBER CONTAINERS  (#B{a754%)

Inspecting amber containers is challenging because selected elements have been added to mask
UV light penetration into the Type I glass container. Light transmission is blocked below 500
nm, and thus increased light intensity (e.g., 8,000-10,000 lux) may be required to observe
visible particles during inspection. Directional lighting from behind the container may also be
beneficial. At the extreme, filled solution in practically opaque containers may be audited via
sampling and transfer to clear, clean containers.

BORMERET D2 21, WEEEZES, EW OO, Type | OF T AFIGHR~D UV KO~ A7
EWV | BIOERPMO LN TH D, KOFEIL, 500nm L TR T 7y 7 &, T2 MRET
AIRARL -2 M 2 72 D121, IR A2 BE R (1] 213 8,000-10,000 lux) SH 2D Z &N EL 2D,
Kan D H7 D OFERPERBA (directional lighting) 73H H Td %, MO FHEITlidd 5208, FEEE EAEH
729N 2% (opaque containers) (ZFEHE SNT-KIL. VoV L, BIAT U= RREIIBETE VD
FIEAFE T, BMEIND,

5.2.4 TRANSLUCENT PLASTIC CONTAINERS (B 7T 2 F v 7 55e%)

Plastic or translucent containers are chosen for break resistance or other properties that glass
cannot offer, such as injection molding into shapes that minimize hold-up volume or for use in a
combination product. Rigid plastic containers may have optical properties that require
significantly more light (e.g., 8,000-10,000 lux) to illuminate any visible particles against black
and white backgrounds. Directional lighting from behind the container may also be beneficial.

T'I AT 7 W F 3B O gL, AR D BT (break resistance) & D UM, PRFFA & (hold-up
volume) % f/IMET D IERIZH A (injection molding) 35 & 72>, 2 ER— a7 rx s O
DEDIR, HTATEAREL ROV EOHHEDTZDIZEREATWD, Lo e LTI X
T 7Kg (rigid plastic containers) %, Hfa L FHAD /NNy 7 FZ 2 RIZx LT, A[fRAVRL 72 5 7=
DIZ, 720 RERILE (e.g., 8,000-10,000 lux) ZHEE T LN FHIHEZ > TNDHTHA I, &
2RO M > OFEEIMERAA (directional lighting) & F7-H X Th D,

5.2.5 LARGE-VOLUME CONTAINERS (KREEBEAMR)

Large-volume containers (> 100 mL) may require additional time to complete a thorough
inspection. Due to the semi-transparent film characteristics of PVC film used in flexible bags,
additional light intensity may also be used to enhance the visibility of extrinsic and intrinsic
particles. Directional lighting from behind the container may also be beneficial.

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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RAEBORL (>100mL) 1%, 53724 (thorough inspection) 21T 9 (13, JBINAIZRKFHE 2 L2 &%
ThAHH, 7LFTTNANy ZIHEHA S TS PVC film O b @m0 RHER & 0 | SR
T ORI DRI T D ATHEME (visibility) % 506D D 72812, HINHIZ2 G (additional light intensity) & & 72 485
LA D, REOEHEN D OFEMPERREE (directional lighting) & £7-HE TH D,

5.2.6 COMBINATION PRODUCTS (= > B x— = )

When inspecting the unlabeled primary drug container for a combination product, the inspection
considerations should be the same as those specified for a conventional drug product in a vial or
syringe. This inspection should be performed before assembly into the device. Where there are
critical attributes that are only visible after assembly (such as alignment with a fill-level
window), a second inspection after assembly may also be required.

arER—Tar7uy s o7 VIO —IRIEFI B ORE L T LRI, TOMEICKT D
BREFHII, A" TNAVEREFT) P OMEROEFRLICH L THESNTNDLHDERL LT &
Thd, ZOREIZ, TOT 431 ADMANLTEATIANCEM T RE TH D, MLEICHEDOS
AT O BEHEHE (FFHEL LD A 2 RIZAS TWADNDORERD K 9 72 ; such as alignment with a fill-level
window) HFEICIE, MNED ZIKIRE S BB LR DHTHA I,

6. INSPECTION METHODS AND TECHNOLOGIES (fa# )7 & £9fr)
6.1 Manual Visual Inspection (MVI) (b M2 X % BEHE)

Manual visual inspection (MVI) is the reference inspection method described in all of the major
pharmacopeias [49] [50]. It consists of viewing filled and sealed containers under controlled
conditions. This process may be aided by the use of a tool to allow consistent examination of
more than one container at a time. The quality decision, to either accept or reject the container,
is made by a trained person. Inspection is a probabilistic process, and detection rates less than
100% are to be expected, especially for smaller or low-contrast defects.

NI XD BEFRAS (manual visual inspection ; MVI) 1%, EEZREFHFOETIZIBRLILTWHEEAREL 72 DR
A 715 (reference inspection method) Cdb 25 [49] [50], ZALid, BELSN-ELMHFDO T T, RE I, PO
HINERBERDZEDDLR>TWD, ZOT7a A IFRIC 1S EORSRE B LIRET
BAETLZLERRICT2Y— AT LICEY, DFE LT BRI THA S, &
TRETFRT DT 200 L OMERRIREIR, JISNEBIC L > Thaihvd, BmAITMERR

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,



U.S. Pharmacopeial Forum, 41(1) (Jan-Feb 2015)i%#. : Page 41 of 64 pages
In-Process Revision: <1790> VISUAL INSPECTION OF INJECTIONS #4#lo H G A

ZOBEBHIUSP @ () THY . mEBARRETIEH D A, HlBr 4TI, F&H D USP DB LETT,

Lite Scientia

Rt ATHY ., BT, NS KH DN Ea L BT A FOIRWKMETIEL, 100% X 0 D72k
HNFREIND,

6.1.1 CRITICAL PROCESS PARAMETERS INMVI  (MVI TOEE 0 E AT A —4)

Light intensity: The results of the manual inspection process are influenced by the intensity of
the light in the inspection zone. In general, increasing the intensity of light that illuminates the
container being inspected will improve inspection performance; chapter { 790) recommends
light levels NLT 2000-3750 lux at the point of inspection for routine inspection of glass
containers. Increased light levels are recommended for plastic containers or those made from
amber glass. Under these circumstances, light levels as high as 10,000 lux may prove beneficial.
The final inspection condition will depend on measured performance.

YtsgE (Lightintensity) : & MIX2BET ot AOFRIE, BEY — 2 ONOMEIZ L > THE
BT D, RIS, REZTHIRGEROIHROMENKE < RiuX, RET 2 AT, RAEMHE
NWFESI D, ; chapter <790> &, H T ARELRO B HHMmAICK L T, MA R FT ¢ 2000-3750
lux BLEDWIR L~V ZHERE L T D, 77 AT v 7 BURSRH 5 I8t Z A (amber glass) T
< BAVIEFEITHR LT, BTV LV EHESE LTV 5, ke mESaL. WEE1T-
TEBRIFT 20D LA D,

Light should be diffuse and even in the inspection zone, and it is a good practice to clearly
identify this zone within the inspection station where the intensity meets the required levels.
Fluorescent lamps have often been used as the light source for inspection. When fluorescent
lamps are used, high-frequency ballasts are recommended to reduce visible flicker (and
associated inspector fatigue). Incandescent lamps have also been used successfully for this
purpose, but they generate significant heat during use. Light emitting diodes (LED) offer an
energy efficient, stable source of light without the added heat of incandescent lamps.

HIREY =BV TS AT 2 THA D, LT, Gk ke L0 REAT—T 3]
NOZDY = ZWICFRET D ZENRWHIETHD, 2OV —iF, HEFERSND LUV
WCABISEDRZ ENVETHD, AT (fluorescent lamps) 23, BEDT=DONJR & LT UL LIZH A
STV D, BT 2 L 7235813, w72 BRI (visible flicker) (36 K ORI~ % i B OB )
Z S/ 572912, high-frequency ballasts Grasrmi, spsarEsm v aced) DNHER S Tna, BEVT
(incandescent lamps) & Z D HHNZ B >T2H D TH D, HHFITH)H /20 OBINIEET D, BIEX A 4 —
R (light emitting diodes ; LED) (X, HEUT COENMDD Z &b, ZRAXF—FNROR N, ZE LT
HIRTH 5,

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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Light intensity in each inspection station should be measured periodically to ensure continued
compliance with the specified range. The frequency of monitoring should be based on historical
experience with the type of light source in use. A lower light-intensity action limit should be
established to trigger corrective action before inspection is performed below the specified value
or range.

BREAT — 2 a T DI Gight intensity) 13, HUE S 47 R I d e r) 22 BLIEST 2 RGET 5 72
DI, EFRNTHIEST 22 L, F=2 Y U 7 OB, AERARFO IO & A 7 T O EDREER (historical
experience) (ZHED5< Z &, MAEDHUE SN D D2 WIZEPHO T CITbh 2 E AR & SR, K
FED TIDYEE (lower light-intensity action limit) Z N, L C, TN A2 BEHED N H— (51 &4) LT
EThD,

Background and contrast: Contrast between the defect of interest and the surrounding
background is required for detection, and increased contrast improves detection. The use of both
black and white backgrounds is described in chapter { 790 }, as well as other global
pharmacopeias. The use of both backgrounds provides good contrast for a wide range of
particulate and container defects, which can be light or dark in appearance.

N2 P73V RBEPary TR x5 L3 5K (defect of interest) & JAFHD Ny 7 75 K

(surrounding background) DE]D 2 kT A M, MHDTEOIZMETHD, 2 N T A MERELTD
Z L. B ERYEET S, BABIOCRCOmM OGO Ny 7 7T FEMHT 5 2 LIt USP
chapter <790>|ZiE X HTEY , MO 7 v — A RF{HFLRETH D, MFOEONy 7 75 K
BT Z X, JRWHEIPHORL 7 & R RMICK L CRIFR 2 T A R ERMT 5, AU
M % light ms<) & dark (<) 1292 2 E03 kD,

Inspection rate: Sufficient time must be provided to allow for thorough inspection of each
container; chapter { 790 specifies a reference time of 10 seconds per container (5 seconds each
against the black and white backgrounds). Larger or more complex containers may require
additional time for inspecting all attributes. Increased time may facilitate detection of defects
near the threshold of detection, but studies by Wolfe et al. [51] [52] suggest that there are
diminishing gains with increasing inspection time. Time spent per container may be controlled
through the use of a pacing device such as a light or tone, or these may be used during training
only, much as a musician uses a metronome during practice to learn the tempo of a musical
piece for later performance. Recording the time spent inspecting each batch and then calculating
a nominal inspection rate is a good way to confirm that the rate of inspection was within
established limits.

BRI TR R I A2 A TN ET, BCUIEE AT 5 ETO—2>0BIFIcHE £ A,
FAEH 7T, B X MTENCH7c - T, ST HRTIZE > TRFEU,


http://www.usppf.com/pf/pub/data/v411/CHA_IPR_411_c1790.html%23CHA_IPR_411_c1790s62
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BEOHEE : KEBOTNRBELZEEET570, HoiElE & bRl 57220, ; Chapter
<790>(%, 1 &b 10 HEOIEMERM (BREADNY 7 OK 23 LT 5 M) 2HELT
W5, KIEORZRL, LOEMRRGT. 2 TCORMEEZRET 27201, N2 MEE L 72
59, R Z RS 2 &k, B OREL < OXRMOMIH AR ZIZT 2 Th A 9 5. Wolfe et al. 1<
KAWL [61] [52] 1%, MERESIENRS LIz, 20 ( REZEZHICTDH] LW0H AU v k)
IFHEZTIT<, 1 HFHEUT D ICESCTRIEIX, XdHDWIE F— D X 5 72 pacing device ik : ~<—x
B Ho®E?) OFHAZEBL THE T2 THA A, HDHWIE, TNHIEHERFE D, later performance
(FRaERE1) @ musical piece GREEARH) DT VR EZFLIXH D7D, ZDOEEHFIZ A Fa / — A (metronome)
EHEATHEIC, AETOL, ThEHEHTHILEHLTED, Ny T OREICHEM Z Gk L,
DT H R EE (nominal inspection rate) 2 L H 95 Z L 1d, MRA DR E 2 ML S LT BELINTH 5
L EMENODLBNGIETH D,

Container handling and movement: When observing objects, the human eye is very sensitive
to movement. Good techniques for manual inspection include a careful swirl or inversion of the
liquid product within the container. This rinses any particles from the upper inner surfaces of the
container and the closure and puts them into motion. A technique that minimizes the
introduction of air bubbles is important, as air bubbles can appear as particles and interfere with
detection. A tool that holds multiple containers for consistent presentation can be useful when
performing inspection. Holding many containers by hand at once should be avoided, as it is
difficult to obtain a complete view of all container surfaces and contents. Container motion is
also helpful for identifying small container defects such as cracks or chips.

RBOBHNEBE . MERZEIET L&, AOBITEIE I L COIERICBETH L, ADHIC
K OMEDIZOD RIS T 7 = v 7120, HasWNOHIREE OFEERWERR (swir) & 2 VW EAENE
(inversion) N F £ D, ZHE, WERIE LB, BLOBRNOR F2EHT 52 L1220 ZhicEhx
HH 252815, KIANPALRWEDIZTHEMTIEETH D, L) DOIE, KJdlThF D X
INCRZ, BYOBBITEEL EX 506 THDH, —BMOH DR (consistent presentation) D72 (T,
BEORZEZRFFT DER (o) 23, REZITOHAITAARbDO LD, —KIT, FITE->T£L
DEMEFROZ LTI 5 XE TS, EWIH DI, BTCORWOEME ENENETERIIHAD Z LN
WEETZN O Th D, Banz®)>7 Z & (container motion) (X, 7 7 v 7 (cracks) &> D WMEKRIT (chips) D L
) IS IR EER R RFET D ETOMIT &b,

Magnification: Some inspection processes use a large magnifier to increase image size and thus
increase the probability of detecting and rejecting containers with defects near the threshold of
detection. Although magnification can be useful for critical examination of a portion of the
container, it does not often lead to increased overall detection rates for defects of interest. This
may be due in part to the added eye strain that often results from use of magnification, which is

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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not recommended as part of the reference inspection method described in chapter { 790} or in
other global pharmacopeias [49] [50]. Although not recommended for use during routine

inspections, magnification can be helpful for critical examination of a small number of units, as
may be needed during an investigation.

K BODORET o RT A A—UT A XEHINS 5 72012 RELOHLKEE (large magnifier)
2T 5, ZRICE D BRI ORIETEE O KK Z R gs ORI LOBEREOHRNI KT 5,
PERITEZZ DD L E /2 ARES (critical examination) ([ZHA LD TH LN, < DGHE, *HF LT DK
& (defects of interest) (2B L CORIRAI 72 =R (overall detection rates) DI K ZE L & D TlE7AVY, Ziux
Z DG INE, JER OB B C DI ST ARAEIZ TS (added eye strain) (2 &2 HDTHY | £ DT
. USP chapter <790>%°, fho> 7 m— L7238 fm 05 ([49] [50]) (CRC# STV D EERATED—
e LTI TRy, BEBRE COMEMAITHER I L TW RV, LRI, Do B A
D TRARAT (critical examination) CTIZH M2 D LWV H Z ENHIKD, L5 9 DIE, AEDTDIZITIE
RIBELL T2 HTHA I,

6.1.2 INSPECTOR FATIGUE AND ERGONOMIC CONSIDERATIONS
(RER O N & AR THENER)

Inspecting for extended periods of time can cause inspector fatigue and a decrease in inspection
performance. Based on industry experience [41], it is recommended that inspectors be given a
break from performing inspection at least every hour. This break should allow time to rest the
eyes and mind, and may be achieved with a short rest (e.g., 5 min) or a longer meal break. This
need for regular breaks may also be met through rotation to a non-inspection function, such as
material handling or documentation.

R 2 IER SETHRET 2 2 Lid. MABDEITORK LD | A DPERE (performance) 2 FiF % Z
LT b, ERTORER [41] ITESTIX, MERIL. PR TH1IRHABICT VA 7252610
Do TOT LA ZEERIE, B L OEIRD DR ZAIREL T2 b DT, ZHUFEVMAR (short rest
e.g., 5 min)®H B WXL D EVWEIRZ (longer meal break) TR TXHTHAHH, ZOEMH T LA 7
(regular breaks) D MABEME T, AT M 5L OBV (material handling) > A WM FEERDFCHL (documentation)

DL D77, BELINOMEHE (non-inspection function) (24 B 145720 —7—2 a L IZHLAETHHDOT
H5,

Inspection stations should be designed and operated in a manner that minimizes the inspector‘s
risk of repetitive-motion injury. Adjustable chairs and careful positioning of light sources as
well as incoming and inspected product can reduce the risk of such injury. These adjustments

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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can also reduce inspector fatigue and discomfort, both of which can be distracting and thus can
decrease performance.

BEAT— a A3 AR OKATEIEIC K 5B (repetitive-motion injury) 2 fe/MET 2 & 9 1ZF%EF L.
MOBETRETH D, Ao TS DB LORAEFRMT LD HADZ & FREIATRER AT -0,
TR DVEEROLEFIEE (positioning) 1%, ZD X O REFEDRHAEY R 7 2D IEDLENTE D,
FOXHHEILIE-. BMEEORET & R (fatigue and discomfort) & F 7280 S5 2 E3HES,
ZOW ST OER GRix - fatigue 35 L discomfor) 1%, MABICAPRELZ 522D THY | L2 EA
HREZ WD EETLEI LD TH D,

6.2 Semi-Automated Visual Inspection (= H &) B {744 4)

Semi-automated visual inspection combines automated material handling of the containers to be
inspected with human vision and judgment to make the accept-or-reject decision. These systems
often use a conveyor equipped with rollers to transport the containers in front of the inspector
inside an inspection booth or station. For inspection of liquids, the booth can be equipped with a
high-speed spin station to set particles in motion. The rollers are also used to slowly rotate the
containers in front of the inspector as they traverse the inspection zone. These systems offer a
means to control the presentation of the vials and can offer additional lighting options, such as
Tyndall lighting, which may enhance the appearance of some defects such as cracks or small
particles. Mirrors may also be used to provide a clear view of the top and bottom of each
container. Rejected units may be removed from the rollers by hand, and some systems are
equipped with a remote rejection system that can be triggered by the inspector. Care should be
taken in the qualification and operation of these systems to ensure full rotation of vials in the
inspection zone; this allows examination of all surfaces. In addition, studies should be conducted
to ensure the detection of heavy particles, which may not be lifted from the bottom of the
container, and to ensure that the rate of inspection produces an acceptable detection rate for
defects of interest.

F-HED HARMRA (semi-automated visual inspection) 1L, AT D RO HEUL SNz KU 7 & 5 -
AUEHITE  (accept-or-reject decision) %325 72D N OFLR & HIT (vision and judgment) ZFHA GO H D
Thd, TNOHDOVAT AMIUELIE, BRET —AEFEAT— a VORMNS, BREBORHICE
WEWET D —T —%fHilar XY —2HL TWd, RIEKOREDSG. 7 — AT FIH)
X% 5.2 572DIT (to set particles in mation) | EIED A B AT —3/ 3 (high-speed spin station) Z{ii 2. D H&
WD, B—7—FE, BMEY - 2T7&kT 5 LI, MEBOMEICARGZ Ly 7 U LAl
SHEDLEDICHHEHIND, FNED U AT LI NA T IVOHEIR (presentation) (2B L CTOEELD Fik
Zhz 5l FUHIVRIA (Tyndall lighting ; %) DX DR T AT 4 7T DB AT a b5

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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ZHZEBMKD, ZOFUHXNVEIL, 7T v 7 BDHWIINEDORLTD L D 72 %500 K MaIZEE
LTUDfﬁz (appearance) Z O D LD TH D, HRED EE TFTOEH OB (view 25257
(2. 8% (mirors) b EEHTDHZENRHKD, RS & SNTZBALELZS (rejected units) 1L, FIZ k-
TD*—7*—7§>EEﬁ@m3ﬂé WOMDY AT LTIE, MEFDO N T— (Bl&E®) 20 2LD
TE LEMBARDPRY AT L EHA TN D, A = TAA TN E IR D 2 & A ORGET
DD, FILH DY AT LOEFIETM (qualification) & MEHE (operation) (ZIEENMLETH D, ; 2
X, 2 TCORABOBEZAEETHHDTHDH, BT, BHI-VRI 7 (heavy particles) Dk A Gk
THEDIT, HELITIRETH D, ZiUL, EEWVRFREHRDOENGELRNZ & BLOE
DIREOEREN, MR LTLHRMEOTET H2MEERE LD Z LA RIET H72DTH D,

* o GRIE) JEORRREDORE SOMRLF23FE L TWDEHWEIC A BN LTRGBS &, Z Mkt
& o TEBHELS N, SOBEKPE > TRALER, 1T ZNMC X o T THITES e, @i OBRMEE
TIHERARWE D 2K+ Th, MO EZYTTHEALBINT 2 Z IRV mE LTRAD LD ICLTE
RIS S, AR LIz D TH D, (Ry MER)

With semi-automated visual inspection, performance is similar to that with MVI. Some increase
in throughput may be achieved because the inspector spends all of the available time viewing
the containers, rather than splitting the time between inspection and material handling.

F-HENO BEMRE TIX. ZOMRRIZIMVI TOZERIC 725, JLERE (throughput) D2/ DEENNN
ERTEDHTHAH, EVWHoDIE, BREAEBIIBRAE LT OBV OMICFEMZEI KXo &, FIHA]
HE7RlFE 2, Resh DORFEIC, 2T 2OMN) ZERHEKLI ML TH D,

6.2.1 CRITICAL PROCESS PARAMETERS FOR SEMI-AUTOMATED INSPECTION
CLEBIRHMAETORE T nE ANT A=)

Light intensity must be controlled, as with MVI. The rate of inspection is controlled by the
speed of the roller/conveyor. Spin speed for liquid products and rotation rate for all containers
should be established during validation/qualification and maintained within the validated range
for routine inspection. The background color is controlled by the color of the rollers selected and
the color of the background seen through the spaces between the rollers.

FEEE Gight intensity) (%, MVI & [RARICEEPMLETH D, MEEEIT, v—7— /L harXy—
DEFEIZ L > THIE S h D, EERRLOZAEVEE, BLIUETORGICNT I —T— a2 Vil
FEE. NY T =g o R R O BERE THESZ L. BRI HOWTIEANY T — b S EEN
WHERF T2 2 &, BROAIL, BELTLe—T—0fL, v—7— DR OZEMN G R 58 =l
Lo TEHEZT D,

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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6.3 Automated Visual Inspection (AVI)  (H &) H R ; AVI)

AVI combines automated material handling of the containers with electronic sensing of product
appearance. Containers that do not meet preprogrammed acceptance criteria are automatically
rejected by the machine. Early machines performed inspection for particles and fill level, but
manual or semi-automated inspection was required for the container and closure system. Newer
models have the capability to inspect all attributes of the containers, along with the contents. As
with MVI, machines often spin the containers to set particles in motion and make them easier to
detect. Multiple cameras are used to image various regions on the container in great detail. Each
camera is coupled with unique lighting to highlight specific defects in the region of interest.
Light-field and dark-field lighting techniques offer the same benefits as white and black
backgrounds as discussed above, offering contrast for a full range of light- and dark-colored
defects. A defect found by any camera is tracked through the machine to allow accurate ejection
by the reject system. The machine also offers detailed reporting of defects observed in a specific
production lot.

HEHEMRE (AVD 1%, "EAEOETFRRE o7 e BEROBABNR~T 2 (WihOE
W) BHAEDELELDOTHD, TOHT BT T AMIFHBIAENTZFEHIBEEICE B L WAL

Z ORI Lo CHBEIMICHERR S LD, BISSHIHABERE OFEME (early machines) 1, R 1 & FEHE L
IV (illlevel) [ZDOWT DA EIT T2, FDRZS « £ A7 I (container and closure system) (£, ¥~ == 7
VD WTEABORENNE Tholz, FicRET NVOREHIZ. TONEY L LI, REOL
TORMEEZRETE DRI ZFF> TS, MVI LRILEHIZ, ZOREKIL. BV TV DK% A
O, BHERD T LoD E T A T 5, EEDON AT MEH I TEY | great detail Gr
VE A TR AR DR 2 IR E A A — (image) LT 5, &H A TIX, KR LT LHXRIKO B 5 RE
DRFE 2B T DD OWERT AT 4 7 &2 T\ D, BIHEF IS JOREELE BB gight-field
and dark-field lighting techniques)iX, LI LIX, EiRICER LB NNy 7 KBRS 7R ERI LR T 1 v
FhEz2H50THY, ALK EOLLEHDWVIEIR B LIZAWFHOKRGIZH L Tary b7 A
FNaeB 256D Thd, 5 A T TR SV RIMGEIE, HERS A7 AT K D IEMERELY H L (accurate
ejection) Z A[RE & T B 7T, F DBEEMK AT > TV B HITIBHE (s tracked) 23 X315, Z OFEMRITE 7=
HDHEFET Y MIBWTBE SN XRBORE OWME LRI TX 5,

AV offers advantages in the areas of throughput and consistency, compared with MVI [5]. AVI
may also offer enhanced sensitivity for some defects, compared with MVI, but may suffer from
higher false rejection rates due to the inability to tolerate normal variation in containers or
product. This is especially true for molded glass containers.

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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AVI [, MVI & LEE U CHIKE (throughput) & TERTE (consistency) DRI C. Fll % 5 2 T\ [5],
AVI T ET2, MVI LT, BONDXIBIZHT DEELmHDO LN THAH, LinL, Bad
DUV OB OB E TR T D L OREN ZFFT2 72\ 2012, WG ER (higher false rejection rates)
WCHMESND, ZHUTFFICKREE (k) TEZRDZETHD,

* o GRIE) A 7 AOEEESEIL, REIEZ2OoHY . ZNEFNOREFENGRELZ LD
Z Tl & T LIRS,

6.3.1 LIGHT-OBSCURATION METHODS  (Jt3fiiiE)

Some systems use an optical sensor to detect the shadow of particles in solution products. This
method requires particles to be in motion, typically using a high-speed spin and rapid braking of
the container to achieve this motion. Spin conditions must be optimized to provide sensitivity
for heavier particles while minimizing false rejections due to bubbles. Some biological products
experience shear-induced agglomeration, so care should be taken with regard to agitation of
these products.

WL R ORI - O 2 BT 570D NEE o —121E, OOV AT ARERAESN TN D,
ZOFEZ RFRENTOD I EPRBETH D, —MAIS, FIEA L (high-speed spin) &, Z D)
SNZEE L Bas DTOEHIE) (rapid braking) 295 (k) o AE U RMT, KIRIC K DFR - 7o AR
B (false rejections) Z I/ IMET DD HT, LD ELWR FIZT-WTRELE LD K ) 2k b
L7 U2 6720, HHFOEYFREIEIE, AW 1255551 & 72 D%EEE (shear-induced agglomeration)
DRI TEY, Tz, ZNOAMFRIROBEICE L TEERLETH D,

* 0 (FUE) AR ZEETHEIESEA 9 L, BB L O TWEKOKF ) 133RTREEST 2824 <, Rz
Aiane GBS &, RIRRIZT RS 5, ki oz, 202 5OREOBIBKOEST L LTIRAD Z
ENHKD,

Light obscuration methods are optimized for sensitivity to moving particles, and can thus be
made less sensitive to minor container imperfections. This technique can be used with both
tubing and molded containers. Results are generally robust in detecting particles that are 100 um
in diameter and larger.

WAL, R A2 BT 2 & TRYE 2 il L, 3T L > THZFD KB (container imperfections) % F
IMET B X912, KRS EEZFBETE 5, Z O, WA L OVERIRZEOM J7 125 L
TEHTE D, TOREIT, AT, B 100 1 m LA ORI 1O I EEEED & 5,

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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These systems can also detect fill height by detecting the shadow of the solution meniscus.
Generally, this process is not sensitive enough to ensure compliance with fill-weight
specifications, but it can provide a secondary check of gross fill. Sensitivity is a function of the
container shape, with greater sensitivity achieved in small-diameter containers.

INHDT AT AE, WRIRD A= AT A (meniscus) DRZEARNT 5 Z & T, REROE S 2T
HZEHMKD, —MIIC, 2o rv AL, FHEEEOHE (fill-weight specifications) D5 2 PRAET
DITNE 72 L 2 LTS, TS & (grossfill) D _IRAY72F = 7 (secondary check) % $Efi
TE D, BEITRGOIROBIEE 2D | BROBEEITERD/NS RETHTERSIND,

6.3.2 IMAGING METHODS (& f##ik)

Continuing advances in camera technology now allow the rapid capture of high-resolution
images for inspection. When coupled with high-speed processors that have ever-increasing
computational capability, a powerful inspection tool can result. Images are divided into
inspection windows, and an array of tools such as image subtraction, pixel counting, intensity
analysis, and others is used to assess the images against programmed quality attributes.
Significant amounts of time are required to train inspectors and test the performance of such
systems against a range of known defects, as well as acceptable containers.

71 A A OMZ 72 O EARL, BIE, AR L COm 0 fEm (high-resolution images) (D i D HE

(rapid capture) % AIAEIZ LTV D, A Ea—XORENIIHRT L2 —FHTHLIN, £ZOarta—F0
B HF> TWAEH 7 1t ¥ — (high-speed processors) & FLABHEDZ L2k, Wi E Y —
WEGDHZENHED, HBIIMAET A > K7 (inspection windows) (277 F S 4L, HR O (image
subtraction) , £ 7 /LD 7 & (pixel counting) | FEREESTHT (intensity analysis) 3 L N, E DD —H D
—VR, Tu s T LS BERMEIC LT, mROREICEN S D, MAEBLZIIL., SRA
%% (acceptable containers) (XH HAAD T L DJAWFEIFHORBEH DO KIEIZR LT, E DR AT LM
REZRHI 2 2 &1k, 7720 ORI ME L2 D,

Imaging systems can detect particles and fill level, as well as other container and closure
attributes. Inspection in this manner can provide 100% inspection of all visual attributes. These
systems can offer high sensitivity, but may also have high false-rejection rates if container and
product attributes are not tightly controlled.

WGy 27 ME, MORBE L ORORETHAADZ & RFPREL VBT 52 &N
Hk2, ZOHETORETZ, & TOHBRRRMED RERRAE (100% inspection) & 5-2 5 Z L A KD,

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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ENHDVAT MIBWVEEEZ RS Z ERHERD N, b LA & BN EFEN R ICEE STV
WO THIUL, BB 7= RS (false-rejection rates) DENGILEL RDBTHA 9,

6.3.3 OTHER TECHNOLOGIES  (ftho>#4f7)

Container integrity [53] can be assessed using non-optical methods such as high-voltage [54] or
vacuum decay. Optical spectroscopy [55] can also be used if there is a modified headspace such
as vacuum or inert gas. Generally, these container-integrity inspection methods offer greater
sensitivity than visual detection, with a significant reduction in false rejection of acceptable
product.

Ranst et [63] 1E. MEE (high-voltage) [54]& 2 WMITBE LIS T (vacuumdecay) (k) D XK 9 Zp3EN
W72 HiEE W TRMT 25 Z E3 k5, & L, BZEH D WIEARIEMES A (vacuum or inert gas) DAR 722k
B L7~y RAS—R (B 2 572 O, SEERBMEE [55] b RMMT 22 &itiks,
—RIINZ, O ORZBRFEEMMREIL, A SINDL GO S T2 ARE S (false rejection of acceptable product)
DFEERRFD LIz, BRICEK DMLY bEWERELE 2 5,

* 0 GRIE) WIS T 28T HREIARATH 5, FRAREEE Loy rizuni, BEL THET 5, HRAERD
BEMESET L. NEORERRAHL T, Xy BV NOBIEERN TR Z 2R TH D,

X-ray imaging has also been explored as a means to detect particles within freeze-dried cakes,
powders, or suspensions [56].

F7-. XBOW G B —%  (freeze-dried cakes) . TR, & 5 WNTIRBIK P Ok T- O H O
FiEE LTIHRESI N TV [56],

These technologies may be used alone or in combination with other inspection methods to
provide a comprehensive assessment of product quality before labeling and packaging.

FNOOENX, BT, HD5WIIMOEER 1L EBAEE T, FR (labeling) 35 X OVEEE (packaging)

AT O S E DRI iH i 2 5 2 272D S5 TH A 9,

7. QUALIFICATION AND VALIDATION OF INSPECTION PROCESSES
(e v 2OmEEMHRHEE N T — 3 V)

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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7.1 Standards  (FL¥E)

The use of standards for visual inspection has been described by Melchore and Berdovich [57].
Development of inspection standards begins with identification or characterization of the defect
types that will be represented in the test set(s). This information typically comes from the
manufacturing area, where naturally occurring defective units can be identified from rejected
product. The defects are categorized as critical, major, or minor. These defects must be further
characterized to allow for 1) selection from naturally occurring particulate and physical or
cosmetic production rejects removed from product lots, and/or 2) re-creation of equivalent
defect types in a controlled laboratory environment. Characterization information on defects
should include, where appropriate, the range of sizes typically observed, the specific location on
the container, the volume, and the angle. If feasible, a photograph of the defect should be
included. All information that could support consistent re-creation of the defect standards should
be included in the characterization description.

H SR~ JHE L O3 A 13, Melchore and Berdovich [57] 12X » TGRS TV 5, B AL O
BHZSIE, BT Y b (estsets) TRZE D ETDHRMEDZ A 7 (defect types) DFFE & FFE N DIAE 5,
ZOFHIT AT RIETER S b2 b S D, BUETERTIE, B RFEER R KA RO BN A &
25, HERR S-S (L) M OREET A Z ENHRD G TH D, KifalEL, BT, Bl (citical) |
FEHR (major) KT (minon) (2SN D, TNH DKL, HIZ, RO X 5 ITFEATZ L7z
ME7ZR B0,
1) BRFEAEMICAE LR & /dhe v b HY) H LIZHERI & 2 W IEAMBIRY e &R O
PEBRn ORI, BRIV X
2) BHINIZ I RREIZBWTO, [/ K4 A 7 (equivalent defect types) D FFEL
REBIZEE L COREAHERIZ. TN T 2551, KObDOEEFTHL_XETHD,
- Bl INTREWN A XOHEIPH  (range of sizes typically observed)
« TORLIE U TOBE SHUTZLE (specific location on the container)
« X8 (volume)
* A (angle)
H LAMRE CTHIUT, KD FREZZDH Z &, RMEYEG O AR B2 X3 5 2 T OFHIL,
ZF DRSS DFEIR  (characterization description) (Z& 85 Z &

7.2 Preparing Defect Standards (R ffa & %E5h D 1ERR)

Visual inspection standards may be identified from known production rejects, or may be created
manually with characterized particulate material. A single particle per seeded container should
be used when determining detection thresholds.

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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A A E AT BRI O ROEPERR L D RFE T D700, & D WIS S AU TR T 588 (characterized
particulate material) TENEEDLTHAD o *ﬁ tH F‘E'J%”ﬁ (detection thresholds) %&Eﬁ— % %/EI\ EN BT ANA
7 UT- 2545 (seeded container) 472V . 1{HOK T Z2FEHTHXETH D,

7.3 Particle Types ~ CKi D% A )

The primary packaging materials that directly contact the product and the potential
environmental contaminants can be divided into specific particle groups such as glass, stainless
steel, rubber stopper, plastic, and fibers (synthetic or natural). Naturally occurring particles from
rejects should be no smaller than the visible particle (measured in situ) in the container.
Measurement can be accomplished with a wide field microscope or loupe with a calibrated
reticle. Physically prepared particles can be sieved initially to target a specific size, and then the
individual particles are measured using optical microscopy. These materials, or production
defects, are preferred for inspector training and qualification as well as machine validation as
they better represent actual inspection performance. Spherical standard particles may be utilized
as surrogates for naturally occurring particulates; however, these are best used for routine
machine calibration rather than validation or inspector qualification, as they do not move or look
like actual production defects.

BRI D — RO, BLOARENED H 2 BREH MBI, VT A, AT VA J 0k,
TIAF I BIOWHE (BRETZIIRR) OXIRESHDORFED I N—TI20EIT 52 &N
Hk 2, A (rejects) 75 D BIRFEAR DRI F1%, BasH o B ARE/SRL 7 (ZORRETOHIE
TD measured insitu) &2 0 H/NE T RETIEARW JEIL, F v U 7 LA b ZH7c 1581 (calibrated reticle)
% %OTJK?‘E%’@@W%J%%)U\ JNV—T"TITH Z RS, WEANHER LTk %2, FeED YA

RH =0y b5, ETITRMCEZHT., DWT, BFBEMELLH L T, Hx oki+
Z Rl %, ZCZ}”LE@% 57X AEPETO XML, MERED /N 77— 3 > (machine validation) & 3t
. REB ORI LT OERMRMEE L TERAT 2 Z A RIS, LW DI, b
B%\%@*ﬂiﬁﬁbjj R0 XL IRT NG TH D, ERIE ORI -4 F 7=, BRI AR 7R - D AREE (surrogates)
ELTHEHLTH LW, s LLAans, Zabid, AU TF—ra oR0mE B Oms e L v &
LAHEHRBREROFT Y V7 L—a b LT, I KRS ND, LoD, £ b3k
BROEETORMEY b, KFOEE AR LETHRWNNEL TH D,

7.4 Rejection Probability Determination (i A fE R O E)

Once a well-defined defect standard is available, it is assigned a detection frequency by
conducting a documented, manual human inspection qualification that is accomplished by
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repeated manual inspection. This repeated inspection is the basis for qualifying the defect
standard. This approach has been described by Knapp and Kushner [58] [59]. The Knapp
methodology recognizes that the detection of particles is probabilistic, and repeated inspections
with strict controls on lighting and inspection pacing/sequencing generate the statistical
confidence to assign a reject probability to each standard unit. A manual, visual inspection
probability of detection (POD) of = 0.7 or a detection rate (DR) of = 70% is required to assign
the container to the reject zone for subsequent calculation of the reject zone efficiency (RZE).
Secure probabilistic data for particulate standards can be achieved with 30-50 inspections for
each container. This is best achieved with multiple inspectors. Inspection reject probability is
calculated for the defect as follows: POD = (Number of times rejected) / (Number of times
inspected).

U&7, B<SHE SN R IBIEFEES2FIH ATRE & 22U A Z 0 KT Z &I k> TiThihu b,
ELE N~ = 2 TIIVOBEE B S EEAM (documented, manual human inspection qualification) 21T 9 Z & T\
FRHBEE 2BV M THZ kD, 2OV IRSNHMAEIT, KIpEEOEEMERMZ 35729
DOHMEL T2 D, ZOT7 7 r—F X, Knapp and Kushner [58] [59]iZ & » Tk 54TV 5, Knapp (2
Ko HERmIL, R OBREDPERRINR O THDL Z L2RBOTEY, ML EBRES—2 A
J¥* (inspection pacing/sequencing) 0D % 72 HL T DMV IR L TIT O DAL, SARMEHALIZXT L CARE S
fifE28 (reject probability) 2|V 4 T A= OO FIREHEEEZ 525D TH D, REA Y — A
(eject zone efficiency ; RZE) DZDHDHEH D=2, ~= =27 M L5 BIRBE OB H#ESR (probability of
detection ; POD) D =0.7, F 72 ITMHIZE (detectionrate ; DR) D =T70%7A%, R & — MK L CRERZEI D
HTIRHEITR D, KFREMERICE L TORLTE DHERNT — 213, #48%ICBE L T, 30~50 A
DA TERT D2 ERHRD, vk, HEROBRER TR I<ERESND, BAED N EAHL
(Inspection reject probability) (%, KD L I LT, TOXRMEZFEH TS, : POD = (HEBR L7=[RI1%) | (BT
L 7= AK%)

75 TestSets (&t~ H)

These qualified defect standard units are then assembled into test sets which may be used to
specifically challenge the particle detection technique of human inspectors, used as part of a
defect test set (including container/closure defects) for human qualification, or for comparison
during automated equipment qualification and validation. When possible, the test set should be
prepared with duplicate product units per particle type and size to ensure that backup units are
available in the event that a standard container is broken or the particle is trapped or lost within
the container.
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WIT, T3 D OBEAEVEN TN S 7o R AL AL R g 2. ity PALHENL TS, 2otk
v MI, REEOR T 7 = 7 ~DF ¥ LU e LT, REB OB D 725 O K aiR
Ty b (Fas/ OXRMWEET) L LT, 50T AEME IR OB RN & Y 7 —
G VOO T-DITHEN SND, FRARGGIE. ZOoRELy MIBKIFOX A TRKRE &I
DOWNWT, _EORLHENLAZS (duplicate product units) & U CIERRT RETH D, Ziid, AL OFLN
W L725E., HOWVITR T DRRGRNIC N T v 7 ENndh, Ko G TEeE LTRIHATE S
LT 57D TH D,

When using test sets, it is a good practice to verify the presence of particles before and after use,
as particles may become lodged between the container and the closure. When a freely moving
particle cannot be verified, the unit should not be used and the data should be excluded from
subsequent calculations. When this happens, it may be possible to free the particle with the use
of an ultrasonic bath. If this is not possible, the unit should be replaced. The number of defective
units in each test set should be limited to approximately 10% to prevent rejection bias [51]. The
accept containers will be identified as having a predetermined manual, visual inspection POD <
0.3 or a DR of < 30%. Any particle standards found to fall within the acceptable “grey zone”
display, indicating a manual inspection rejection probability 2 30% and < 70%, may be
included as an “acceptable unit” in a test set, if desired.

REL Y NEFEHTLHAIE. KA ES EROMICERAZAEND BN NO T, FHATK X
OMERZICRL T OFEEZRRT H BRIV FThHhD, ARICEI KL T2 TE W EA 1T,
ZORNEMEEHTRETERL, ZOROHENLENEYRT XETHDLH, ZOXHI7RT L
WL Z ST, BEW A EHEHT L2 LT, 2O F2HBICEI X HicT 52 Ltk ik
RS D, b L, ZHTH 742 HBICREBICHRZR D > e 5613, ZORMERIIZBmT & TH
Do BTy MBI D RMEMALGOEIL. FEAGICED O NA T A% ST 572012, £ 10%
IZHIR T RETH D [61] . FFEIND Gk alhEsns~x) Kawld, TORESNc~v=a2T
O BHAE POD <03 £721X DRof < 30%Z o L H I ESND THAHH, ~=2T M LDH A
AN = 30% T O T0%E /RT, FFR “VL——2" NIZHED DR HRERIL, b LELO
ThiuE, ZoMEYL v Fd “acceptableunit” & L TEHHI A LTH LW,

It is important to prepare a written procedure for the creation and maintenance of standards. This
procedure should define the qualification criteria, appropriate storage conditions, periodic
examination and requalification, expiration, and sample custody during use. Test sets should be
approved by the quality unit. The container in which the specific particle set is stored must be
clearly labeled with the test set identification information.
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ELHEG DAERL (creation) & HEFFIZEA L COFNAELER T2 Z LN EETH D, ZOFNAEIT, #EHEE
FEAT R AE, JEE R ORE S, ESIR A &R R, A RHIR, B X OMER oYL E
P (samplecustody) ZIRET RE ThH D, BEF Y ME., WEIHHANKET RETH D, FOREDRL
Ty FERET ORI, YREL Yy NERET HIHMEAMICR<TL 2 L,

7.6 Types of Test Sets (et v hDZ 1 )

The particle detection threshold can be determined for a specific inspection method and
product/package combination. It is a standard curve of detection probabilities at various particle
types and sizes in an approximate range of 100-500 um (with recommended increments of 100
pum). Fibers are typically observed in sizes > 500 um. The typical size range of particles used in
threshold studies incorporates a variety of particle types and densities that are typically found in
the manufacturing environment.

K7 DR HBRE A . FrE ORMRATLES KO BEEOMAE DRI O W TIRE K S, E4LiE, 100-
500 pm (100 pm & BEED L A HELRE SN D) O R#HE TORFEOR T4 A4 7B L OV A AT
DR ORESRITE L COFMEMRE & 70 5, X, —AXAYIZ> 500 pm DR & S CTHIE SN D, BfE
FAEICHEH SN A RBH KT ORE SOFFIT, KO T# 14 7L BUEBRE T KNI AH S
NDEFEORLA X A TREE (densities) & AT 5,

Threshold studies are conducted to determine the sensitivity of manual inspection methods,
using a range of particle sizes, in a blinded study that yields the particle-size detection
capabilities of a defined group or of an individual inspector. The threshold studies indicate that
the method of inspection is valid and appropriate if particle detection is reproducible in
detecting particles within the range of 150-250 pum (500-2000 pm for fibers). Threshold studies
are also useful as an assessment tool when evaluating or qualifying visual inspection staff on a
specific method with fixed testing parameters. Detection threshold studies are typically the first
step in evaluating the performance of any new inspection method.

BIEHAIL, ~ =27 VOREEDOREZRET H-OIThiILD, ORI, JAHPHOR A
A REEH LT, HEINTZ T /L—7" (defined group) & D WMEfE & D B OR+V A XfaHaE 1 %
BoND7 74 NRETITOh D, BIUERAIZ. b URFBHIAS, 150-250 pm (#HE( 3T LTl
500-2000 um)DEIFHN T, RF DR MICHBMELZ G T UL, ZOREFIETZYETHY . oY)
ThoHrZLarmTHbDOThD, BERHEIL o, BESNTCRBRANT A —FE2Fo8EINTS
ETORBBA A X~ 7 OFEAH (evaluating) & 1S MHEHERS. (qualifying) (ZFE L T OREAR > — /L (assessment tool)
ELTHEREARZLDOTH D, MHIBIE (detection threshold) FAA L. & 2 BTz R A HIEDOTEREDFE
BT 2RO AT v 7 & LTREM RO TH S,
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Depending on product and/or presentation, rejects in the test set should represent all defects
anticipated for a given container type or product family. For particles, use a bracketed range of
types (densities) and sizes from near the visual detection threshold range to the largest routinely
observed in the pool of rejects. For an individual manual test set, it is important that all
containers and stoppers are of the same type, and the samples are blinded. UV ink (invisible to
the inspectors) may be used to mark all containers. Alternatively, bar codes or other coded labels
may be used. Manual test sets can be used initially to qualify or periodically to re-qualify human
inspectors. These test sets may also be used for direct comparison to semi-automated or
automated inspection methods.

AR RRIZE-oTIE, MEEY FOY TV b Gt Bty b0 b, Rl CREA L HET <X EERL O
zem) X, BDEIGALNTEREBIA T LD NI T 7 I U —ZOoWTTPEINDIETOXRME
RTRETH D, FIFICEALTX, A7 B densiies) & K& X (02 1L, HEMREREOHR
FELS 226, e O 7 —0 (BRSO E D Ofy) THEMPICALNDIRKZ2HDETO
bracketed range (Rit : gEPHORA L R &V S EOMEOA2) AT 5, HxDO~=27 &Ly M
LT, ECOERBMOBNREICLHA T T, DOV TANRTITA L RENTWDHI ENEETH
%o UV A7 (REBICIIRZRV) B, ECORBO~—7FIEHENDTHAH, HDHW
X, N—a— RERhoa— Meshiz 7V aERT& 5, ~=a2 7 VoBEtr Y ME, BE
B OGEEMEFI O 7= DI RN, & D WITEM RS ERTHMIICER T2 2 ks, 21 b
Ot v MIER, #ﬁ@]%éb\;‘c HEIOMREFIEOEHELRICHLHEH SN THA I,

If significantly different formulations (e.g., clear solution, suspension, lyophilized) or packages
(e.g., clear vials, amber vials, ampoules, syringes) are produced at the same facility, separate test
sets should be prepared for each combination.

RE S Blpo 70T (B, BRI, BB, o) Cadl (X, Bz 1 7L,
BEONAL T, TrT. LU rY) i3, JUEEFCELRWERED L. ZhZhohsty k
1T, FHAEIC OV TS RETH D,

7.7 Training and Qualification of Human Inspectors (#i# £ o il & @ k&R EAh)

Before training, potential inspectors should be tested for visual acuity [60] and color perception.
Near-vision performance should be the equivalent of 20/20 with no impairment of color vision.
Both the Snellen and Jaeger charts are useful for verifying visual acuity; they test far and near
vision, respectively. Training should include a phased approach with a specified number of
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training hours expected for each segment. Initially, train the potential inspectors with defect
photographs or a video library and clear written descriptions.

AR 2T 9 BiZ., FRA B WA (potential inspectors) 17 7] (visual acuity) [60] & %1% (color perception) {Z-D
WTHEZITIRETHD, I 2R DHE7T (near-vision performance) 1. AR (color vision) D& %27~
IRNEA T, 20020 IZ[A%ETH D Z L, Snellen v — R XN Jaeger v — O F E L, 1%
BT DDA DO TH D, ; b, ENENEHBLONERZBRET 2D TH D,
FFEIL, T A MCHIRF STV B HE S U7 3R C OB PRI BT 72 (phased approach) % &5 6D
HZ L, BN, RBEEHLWVIET A T4 77V BLOHMICCE LI NGl ThrEBKE
i A AT %,

Utilize subject matter experts to mentor and provide hands-on training with defect standards for
the specified method. Reinforce mental or silent counting and follow the paced sequence to
achieve consistent inspection timing. Stress the importance of strict adherence to the inspection
process (procedure, sequence, and timing). Address inspector fatigue in the qualification process
by testing under worst case conditions (i.e., at the end of a typical inspection shift). Train all
inspectors (QC, QA, and Production) with common procedures used for 100% inspections and
AQL inspections. All inspection practices should be standardized and consistently executed
across all inspection groups.

HE SN HEICELT, BIE2M<=0ll, 202 SO0 TOREMSE (subject matter experts) % F1)
L. KIEHEEHE S, O EHAHE (hands-on training) % 1T 9, mental or silent counting i : Lot THRAZ B0, &
DVEERS TR B L) HI(L S, HERREX A IV ZEBERO T D DN— A% FF o T2EF (paced
sequence) (ZHEDE 5, AL (FIE, IEE, BLOX A I 7)) OREESFOBEBENZ R 5,
V=AM =250 T T (T72bb, REWRBES 7 OO OFFET) | wEEIERHn > =
T ADRAEEILTT (inspector fatigue) ZHL YD EIF 5, LA (100% inspections) & AQL A IZHEH S b
LHEOFIHETETORER (QC, QA, BLUHIEDHKHE) T 5, BHRES L—FIZONT
AL 2TV, REOLD HITA T, HICHBIMICETTX&E Th 5,

Qualification should be performed for each product type and package that the inspector will
encounter. A bracketed or matrix approach can be used to simplify qualification of products
with similar physical or visual characteristics such as container type and size, formulation type,
product viscosity, color, and others. It is common to initially train and qualify personnel on clear
solutions in clear containers (if produced at the facility) and then expand their expertise to
inspections of more difficult formulations or presentations.
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AR X, AN EEB T LK/ OX A T LAECHONTITI Z L, 777 v b (bracketed) &
HZW0IY R 7 R (matrix) 7R —F & B ORI 2 HA LT A 72O HT 5 2 &0 H

kD, ZhUE, BIZIE, BGROIA T LY ARG OL AT BLORE, B, TOML v o7
X 9 72 F CARZe B & D WIS E DR (visual characteristics) % #FD#L % 7 1 — 7L LT K

EThD, s, (b LEAAFE LTS TRIE SN2 613 BHRERTOBERREIZONT,

A B ORI & EWHEPEOFME AT 2 EN—KATHD ., DT, K VEMERLEH 5V ITIERE
(presentations) DIRAL & ~F DFEER 2 AT TIT <,

7.8 Inspector Qualification Requirements (x5 0D Ji b MEfE R BEK )

The qualification of all inspection personnel utilizes a manual test set to be inspected under
normal operating conditions and inspection critical parameters, including inspection timing and
sequence, physical environment, and inspection duration. Three successful inspections of the
test set are recommended to demonstrate consistent performance for initial qualification of new
inspectors. Suggested acceptance criteria for each defect class are 100% detection of critical
defects, = 80% detection of major defects, and = 70% detection of minor defects. A limit is also
needed for false rejection, with a recommended target of less than 5% falsely rejected good
units.

BT OMA B ORI, BH OERESRM L | BADTEE/ ST A —F  (inspection critical parameters) (D
TC, BEEZTRE=a2 T LOBREL Y b (manual test set) ZFIHT 2D, ZHIZiE, BEXA I
L NEFF (inspection timing and sequence)  WFRAY 72 BRERE (physical environment) . 38 X OB DK X (inspection duration)
WEEND, BTZBRERDA =2 %/ (P)E) OBEAEIERTHOIEH HIHET] (consistent performance for initial
qualification) % FERAT~ 2 121%, fdt > b OifE 3 RO RNEORENHLE SN L, EXIG7 7 ATD
TR I N DR HIMEYE(E (suggested acceptance criteria) 1. A KA (critical defects) C 100% & H . TR
[& (major defects) T=80% & H . MK EGE (minor defects) T=T70%MHITH 5, ih> TAHRIEA (false rejection)
LD LI L THIREENLETH Y, £ OHEREIZ, 5 %D B ADOBAEZRNESH (falsely
rejected good units) T D,

7.9 Requalification (i #& M FRTAM)

Inspectors should be requalified at least annually. Requalification includes vision testing and
testing with at least one product/test set configuration. A single successful inspection of the test
set is sufficient for requalification. Requalification may also be necessary in the event that poor
performance is observed during routine inspection or if the inspector has been away from the
inspection operation for an extended period of time (e.g., 3 months).
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TR 7RI, BEOMTENCH T2 - TE, TR L > TR &V,



U.S. Pharmacopeial Forum, 41(1) Jan-Feb 2015)i¥#. : Page 59 of 64 pages I_ife SCientia
In-Process Revision: <1790> VISUAL INSPECTION OF INJECTIONS #4#lo H G A

ZOBEBHIUSP @ () THY . mEBARRETIEH D A, HlBr 4TI, F&H D USP DB LETT,

A BT 70 < THARE 1 NTEE MO FHME 2521 2 X& Th 5, WASTERFHmIEL, TLFRA (vision
testingg &\ DR THELEIO 1 SORE /HBEY Y O TORER (esing 25 DD Z &, WIS
PEOBFFANICE L T, Bty b~D 1 EOREES THOTh b, WEERTEMmE. RO XD
REEICLMETHD, OHFEORET, BAONE > TNDH I ENBIEINTLE, @QFDKRER

. REIE (BIAE. 37 AR MEEENLEEN TW-HE,

If an inspector fails the requalification test, a retraining process should be initiated to identify
the root cause and allow the inspector to receive additional instruction. After this process has
been completed, the inspector may attempt to meet the acceptance criteria one additional time. If
the inspector fails, he or she may attempt to qualify again after a specified time period.

H LIRAE BN ESEFRME CAREK E R o2 bI1E, TOMRARHENEZFET H7-0ICHIIB 7 ot
A& L, ZOBRESVNBMNOREELZITONDL LT HI L, ZOTREANTET LIZDE,
UHMEBZ H 21 BMOREER T, FFAEHBEEICHEG L TV ENERND I IR THA I, b
L. SBREBENRNES L Ro72 b, TOFIL, BUE SR ORI, BOWEKEIEO N 21T
I LTI D,

8. CONCLUSIONS AND RECOMMENDATIONS  (f#m & H#E4E)

Visual inspection for particles and other visible defects continues to be an important part of the
manufacturing process for injections. Chapter { 790} provides a useful reference method and
acceptance criteria for visible particulates in injections. Successful execution of visual
inspection requires an understanding of the inspection process and careful control of inspection
conditions. Inspectors must be trained to ensure consistent, high-quality performance.
Alternative inspection methods, either semi-automated or fully automated, may be used in place
of manual inspection methods. Where machine methods are used, the equipment must be
validated to demonstrate equivalent or better performance when compared to manual inspection.
The use of test sets that contain standard defects is an important element in inspector training
and qualification, as well as machine validation. Good product development will lead to a stable
product with a lower risk of particle formation. Identification of the type or types of particles
found during product development and routine manufacturing is an important aid in source
identification and reduction. Inspection results should be trended to further aid in continuous
process improvement with the ultimate goal of defect prevention.

PR 135 J OMiL oD AT 72 R Balz kb9~ 2 B 1L, A0S TROBEERBHO—2Th D
ZEE A% bR D TH D, Chapter <790> 1%, TESHIT D v AR DA H 72 B UEJTVE (reference
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method) & FFAHIERELA R L TV D, BRBREOKIIEOZEITIX, AT v 2AD0MHFL | B
FMEOTEERNVERZVLE LT 5, AR, EENICEWEE R > T2/ 2 IRFET 5 & 9 IZFIHE
2 LI b, FEE, HOWEEBEEIOMIANTNE LT, LRI ETIEL ~
ZaT M EDBETEORDY L LTHEHSNDSTH A 5, BB TIEZENT 25813, £
ORI~ =2 7 VORE LKL T, %L L2 0IEENLL EOMRRERFS>Z L &2 Y F— L7
FIUER S0, FHEOKIFREZETRAEE Y FOMERIE, BRoNY F—v e edic, BER
DOFNER & BEHEAPERM O B R ER TH 5, BRI &3, KFEROEWY 27 2R %L E
LG AZES D THA S, WABHETRLIORFEERTOR DX A7 (BERWLEH) O
FEE, € DORAEPDORELTHAN I D EHERIT £ 72D, BERRIT. MLy FOSHZ1TH
RETHDH, 2k, KEGOBS I & D Fef&iy 78 T — U AZ [T T o, fffeI72 7 1 2 A 8GE (continuous
process improvement) (Z331T D 72 DT D=0 5,
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