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1.0 Introduction f&4

This technical report is an update of PDA's Technical Report No. 3, Validation of Dry Heat
Processes used for Sterilization and Depyrogenation which was issued in 1981. The technical
report focuses on the microbiology and engineering qualification of dry-heat sterilization and
depyrogenation processes and the general approach to sterilization and depyrogenation
science in batch and continuous sterilizers (ovens and tunnels). This technical report is based
on standard depyrogenation and sterilization science.
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The primary objective of the Technical Report Team was to develop a scientific technical
report on dry-heat depyrogenation and sterilization processes that provides recommendations
for use by industry and regulators. References to appropriate and current scientific
publications, international regulatory documents, journal articles, technical papers and books
are used where more detail and supportive data can be found.
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The Technical Report Team is composed of diverse international team of professionals to
ensure the methods, terminology and practices of dry-heat depyrogenation and sterilization
processes reflect sound science and can be used globally. This technical report was
disseminated in draft for public review and comment prior to publication to ensure its
suitability as a recommendation of best practices to industry.
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1.1 Purpose and Scope H KL H

This technical report provides information to the manufacturers of pharmaceutical products for
validating dry-heat depyrogenation and sterilization processes. The concepts and methods
presented within this technical report are not intended to be a regulatory standard, but rather
as points to be considered during the validation of dry-heat processes. Other technically
equivalent methods may exist and may be used if they can be supported by sound scientific
methods.
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This technical report is intended to give information about current industry practices and
approaches to validating dry-heat depyrogenation and sterilization processes. In addition,
sections will cover various aspects of dry-heat sterilization using biological indicators.
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This technical report is organized in a chronological fashion, starting with a discussion of the
general concepts of depyrogenation and sterilization science which are the foundation upon
which to build a robust process. This includes use of biological indicators and endotoxin
indicators. Also included are points to consider in equipment design, equipment verification,
process development and performance qualification for new systems and the development
and validation of processes for existing systems.
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In the discussion of process development, particular attention has been given to the load type,
loading patterns, and temperature profiles for depyrogenation and sterilization in both ovens
and tunnels. The sections are followed by a brief discussion of items for consideration during
routine processing and ongoing maintenance of the validated process.
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The background sections on depyrogenation/sterilization science and endotoxin/biological
indicators are not comprehensive—but provide information specific to dry-heat processes.
Information within the technical report is applicable to both forced hot air dry-heat batch
processes (chambers) and to continuous processes (tunnels). Information within this
technical report does not apply to dry-heat processes used for the sterilization of oil bases and
oil based products, fixed processing streams or to those processes using infrared and
microwave heating media.
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Current FDA, ICH, and other regulatory definitions are used except when more clarity is
added by the Technical Report Team. Regulatory guidelines offer other definitions that maybe

considered. Variations in the use of some terms may differ from company to company and



some may be subject to change in the future. However, the terms used in a validation
program must be clearly defined and well understood within the company and clearly defined
in internal Standard Operating Procedures (SOPs), standards, and in regulatory filings. For
the purposes of this technical report, the following definitions are used.
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2.0 Glossary of Terms Ki&EFR
Bacterial Endotoxin 4@ HNEER
Endotoxins are fever producing substances commonly found in the cell wall of certain Gram
negative bacteria.
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Bacterial Endotoxin Test (BET) ZHEA{RRAY (BET)
Assay for measuring active endotoxin by combining a liquid test sample with Limulus
amebocyte lysate (LAL) reagent and measuring the resulting proportional reaction via visual,
turbidimetric, chromogenic, or other validated means of detection.
P R N B R RO T, RS TR R (LAL) ARV S, SR HAL K
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Batch Oven #tAbEEA AR
A convection oven with a chamber or chambers where items are dry-heat sterilized or
depyrogenated as a single load in a discontinuous process.
ST S A R AT A s IS B B AT TR T i BRI, AEANIELEPE T 2
AR — AR AR
The oven typically uses one or more filters to remove air particles.
ROPREAR— ] — e A I P ok B R 1
Biological Indicator Challenge System (BI)
YRS AE RS (BD
A test system containing viable microorganisms of a pure and specified strain providing a
defined resistance to a specified sterilization process (1).
— MR R ST, AR A )T R E AR B E AT, R KB 2R AT R T 2 M (D
[Synonym: BI challenge system, microbial challenge system, and microbioilogical challenge
system.]
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Biological Qualification AE#J#iiA
A component of performance qualification that demonstrates, by use of biological indicators,
that the required lethality is achieved consistently throughout the load.
PERERINI — DALy, HILIER], S8 AR m A, REREAE T al Rl F b R A 2
TR B R
Commissioning ik
A well planned, documented and managed engineering approach to the start-up and transfer
of facilities, systems and equipment to the end-user that results in a safe and functional
environment that meets established design and user requirement specifications.

Commissioning precedes Qualification and includes three phases:
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1. Inspection, testing, and regulation

Ry, P LA K I
2. Adjustment and setting of work
WA T AR
3. Functional testing
DReiat

Continuous Convection Tunnel ZE&EFXREE
A convection oven with a conveyor belt that transports articles through several temperature
zones that are supplied with heated forced HEPA filtered air. The pre-heat/loading zone
warms articles prior to the heat zone, the heat zone heats articles to sterilization or
depyrogenation temperature and the cool zone cools articles prior to conveyance out of the
unit.
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[Synonym: Tunnel Sterilizer]

QED SN SEDFD |

Convection Xt
The transfer of heat by the circulation or movement of the heated liquid or gas.
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Depyrogenation FR#JR
The destruction and/or removal of bacterial endotoxins. A depyrogenation process should
demonstrate at least 99.9% or a 3-log endotoxin reduction.
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D-Value D
The time in minutes required for a one-logarithm, or 90%, reduction of the population of
microorganisms used as a biological indicator under specified lethal conditions. For dry-heat
sterilization, the D-value should always be specified with a reference temperature, Dt. For
example, a biological indicator (BI) challenge system with a Digoc = 1.9 minutes, requires 1.9
minutes at 160°C to reduce the population by one logarithm (2).
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Dwell Time {4 H ]
The period that items are subjected to a given processing condition.
Vb A 145 58 T 245 IR TR]
[Synonym: Residence Time]

C[R] SCir]: 452 B I ra) ]
Endotoxin Indicator (El) for Depyrogenation HTFEBR#IEKAZTRIERT (ED
An article challenged with a vial of endotoxin (or a carrier spiked with endotoxin) designed for
use in depyrogenation studies. The endotoxin (a purified lipopolysaccaride) is validated for
use in or on an endotoxin indicator. The carrier is made from a material appropriate for the
intended depyrogenation processes to which it will be subjected. The
endotoxin on a carrier is added at a concentration sufficient to allow recovery of a minimum of
1000 USP endotoxin units/carrier. The endotoxin indicator would allow for accurate indication
of at least a 3-log reduction in USP endotoxin units during depyrogenation process challenges
(3,4).
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Exposure Phase Z&ZM B
The phase of the process in which the appropriate parameters are maintained within defined
ranges for the time (exposure time or dwell period) and temperature determined to be
necessary to achieve the desired lethality.
TEE IR ) (R s I ) B DR IS B B AR BEVE L, 12 200 Be P SR AR08 M 24
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F-Value (Lethality Factor) F{& (BJFEHEF)
A measurement of process effectiveness. F/™ is the calculated equivalent lethality (using a
specified z-value) for a sterilization process, in terms of minutes at a reference temperature
(Trer), delivered by a sterilization process to an item.
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Fu
A term used when the specific reference conditions of T,= 160°C and z=20°C are used to
calculate the equivalent lethality. For example, when the z-value of the Bl is 20 °C a process
with an Fr - 160°c, 2 = 20°c) OF Fy €qual to 8 minutes is equivalent (in terms of delivered lethality) to

a square wave process of 8 minutes at 160°C. A square wave process that provided an



exposure of 45.2 minutes at 145°C would also yield an Fy of 8 minutes.
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F-Value for Depyrogenation FR#RKIFE

The term F-value may also be used in dryheat depyrogenation processes to calculate the time
in minutes equivalent to a lethality or endotoxin destruction effect delivered by dryheat at
250°C. The F-value reference temperature is set at 250°C and the z-value minimum is set at
46.4°C (5).

FAE M B A T T ABR S T2k EAE250°C 464 N T3 AL I BIUE R Bl P B E A%
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Heat #&

Energy that is transferred as a result of a temperature difference between an object and its
surroundings.
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Heat Penetration 3%

Heat penetration testing is a temperature measurement that is used to evaluate the amount of
energy that has been transferred to the materials within the load. For measurements of heat
penetration, the probes should be placed in the load with the tips of the sensors in contact
with the items being evaluated.
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Heat-up Phase FHEM Bt

The phase of a process that occurs prior to the exposure phase. Process parameters are
developed for this phase in order to meet applicable user requirements for load conditioning
(e.g., pre-heating).
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Lipopolysaccharide %8

A component of the cell wall of Gram negative bacteria.

2% PRI o 40 B ) — T ZH RSO

Load Zone X

Area within in the chamber where materials to be sterilized or depyrogenated may be placed.
JEAA P RIS B, A2 DX P A T 400 it 1 K o B Rt

Maximum Load HAHEEE



The maximum quantity or mass of items permitted in a depyrogenation or sterilization load.
% PR e A 2R R e 28 3 ) et ) B TR A K STV R

Minimum Load H/MERE

The minimum quantity or mass of items permitted in a depyrogenation or sterilization load.
PR B KRR 8y S A it ) O BT R A B STV R

Operating Parameters E17&%

Values (e.g., time, temperature, air-flow) that are controlled and/or measured that collectively
define each phase of a process (e.g., heat-up, exposure,

cool-down).
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Critical Parameters XE&S¥

Values that are controlled and/or measured and are linked to safety and efficacy of a product
or the process. Failure to meet a critical parameter should result in rejection of the load.
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Key Parameters EES¥

Values that are controlled and/or measured and are used to assure the ongoing "state of
control" and consistency of runs. Failure to meet a key process parameter should result in an
investigation with a documented rationale for the disposition of the load.

it P AN B DL ORUEAL T 32 20K I HLIE W istr . E T2 HAGKN, ki,
IS B AL B A

Overkill Design Approach T RK &7

A design approach where minimal information is required about the product bioburden. A
worstcase bioburden assumption is used to determine the delivered lethality needed to
achieve a Prob-ability of a Non-Sterile Unit (PNSU) of 107 on or in the items being sterilized.
For depyrogenation, the overkill design approach is a 3-log reduction of an endotoxin indicator
amount.
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Parametric Release 34T

A sterility release system based upon effective control, monitoring, documentation, and batch
records review of a validated sterilization process in lieu of release procedures based on
endproduct sterility testing.
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Penetration Probe #&FiZEH4El

A thermocouple placed in contact with the load item to measure the temperature of the load
item.

JECE AR i 55 B AT At 0 FA R A, 0 e A8 ot R

Performance Qualification (PQ) HEEFIIN (PQ)

Documented verification that the equipment and ancillary systems, as connected together,
can perform effectively and reproducibly based on the approved process method and
specifications (6).
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Physical Qualification #JE#IA

A component of performance qualification that demonstrates that pre-determined physical
requirements including temperature distribution and heat penetration are achieved
consistently throughout the load.
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Probability of a Nonsterile Unit (PNSU) JECHE BAI A REH: (PNSU)

The number that expresses the probability of occurrence of a non-sterile unit after exposure to
a sterilization process. Within the pharmaceutical industry, a design end-point better than or
equal to the probability of one non-sterile unit in a million units is expected, i.e., PNSU <10°.
M TR Zd: T K L2 G AE o A B AR 7 A2 Tolkrh, ISR &
MBI BT s T — E e I — AN R A R . TPNSU <10,
Product-specific Design Approach 7= k&5 ik

A sterilization design approach that is based on the characteristics of the bioburden (on or in
the load) and the heat sensitivity of the product that delivers the lethality needed to achieve a
PNSU <10~6 on or in the items to be sterilized.

se—MEETAEY R CRBC RN BOHRFIE DL i BB BE (R JC B vt s, AR I 2L
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Process Qualification LTEHIA

Documented verification that a system is capable of consistently performing or controlling the
activities of the processes it is required to perform or control, according to written and
preapproved specifications, while operating in its specified operating environment.

A SCIFIEE IR SE R G RE M RRSEME DA T B P T 205 30, MR 15 10 0 s Ltk A R A T A
i, RN SR AT

Pyrogen #JR

Any substance capable of eliciting a febrile (or fever) response upon injection or infection (as
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in endotoxin released in vivo by Gram-negative bacteria (7).
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Requalification FHHIA

Periodic confirmation to demonstrate that equipment performance has not changed from its
gualified state.
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Revalidation FUE

Repeating partial or full validation of a process after a process change is implemented.
Re-validation is change-based, not time based.

LERAAA G VAT > s A T 2SR . FRE0UE A2 LAR A O A i AN DA ] DAy 2
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Resistance Temperature Device (RTD) HFHIEZERNE (RTD)

Sensors that exploit the predictable change in electrical resistance of some materials with
changing temperature.
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Routine Operational Process H % #/EREF

Parameters that are specified for ongoing operations.

HH AR € S

The operational process is typically controlled to produce additional lethality over the qualified
minimum parameters (i.e., time and temperature) in order to provide increased sterility
assurance.
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Sterilization Process K@ L2

A process used to render a product free of viable organisms with a specified probability.
FTALE ™ b FRAEAERUE R B ) T2

Sterility Assurance Level (SAL) TGEARIE/KF (SAL)

Probability of a single viable microorganism occurring on or in an item after sterilization.

K e AR s R B o] WA AE R

Note: The term SAL takes a quantitative value, generally 10~6. When applying this
guantitative value to assurance of sterility, an SAL of 10~6 has a lower value but provides a
greater assurance of sterility than an SAL of 10~3 (8).

R SALIXANARIERR T i, WH210°, 2 HXA @ RAERMIE LR, 10°X4NSAL
A FRRAE, AR 510 XAMEA LG S s M RBERLE (8)

Sterilization Cycle KBE{E#
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A sequence of defined operating parameters (e.g., time and temperature) required to render
an item sterile.

Jrida ) — R Y€ LA isiT 280 (Rean, IR BE ) A4 i il 3G RDIR A

Survivor Curve 735 g

Graphical representation of the inactivation of a population of microorganisms with increasing
exposure to a microbicidal agent under stated conditions (9).
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Thermocouple #H{H

A device for measuring temperature in which a pair of wires of different metals are joined and
the free ends of the wires are connected to an instrument (such as a voltmeter) that measures
the electrical potential difference created at the junction of the two metals.
TR R R, 1R RIERE XN e R F AT LR B B R A
b CHed EsTt) R PIAS Bm R AR R R A 2

Temperature Distribution &0

Temperature measurement of the heating medium (e.qg., forced hot air) across the chamber
load zone.

JE A B X B Y A B CEE B i PR RS 30 AR RS

Thermometric Study JWERFST

The utilization of independent temperature monitoring devices to determine a temperature
profile within the load zone and analysis of the collected data.

M P T R M7 0 97 28 X Al 82 o e I 0 A e S R s

Validation HKHiE

A documented program that provides a high level of scientific assurance that a manufacturing
process will reliably produce acceptable product. The proof of validation is obtained through
rational experimental design and the evaluation of data, preferably beginning from the
process development phase and continuing through the commercial production phase (6).

— ARSI R ACP R GRIE AL P T RE T SR AR P T B2 (K7 S A SR S IE B 1)
FEFP o S UE A UE S NE R 56 UE 7 G PV T 0 Bl BRI T VPG AT, XL B R 4f
WG TR RN B, BRI (6) .

Verification #HiF

A systematic approach to verify that manufacturing systems, acting singly or in combination,
are fit for intended use, have been properly installed, and are operating correctly. This is an
umbrella term that encompasses all types of approaches to assuring equipment is fit for use.
Approaches include qualification, commissioning and qualification, verification, system
validation, or other (10).
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Water for Bacterial Endotoxin Test (BET) iAW {ERKHK (BET)

Sterile Water for Injection or other water that shows no reaction with the specific bacterial
endotoxin test reagent with which it is to be used, at the limit of sensitivity of such reagent
(12).

ToBRIVEST K e FAthK,  AEIX R R R B BRAE T B35 58 B 40 e N B A il n AN A A
MNo(11) .

Worst Case Load HZEHEH &M

The load configuration that is determined to be most difficult to sterilize or depyrogenate. This
is a function of the process control strategy and load item characteristics (e.g., mass,
configuration).

2000 52 DA A 2 o Al K Tl B B PR AR A T 3 30 T A R SR AN ) R PR AR —
heg Ctoam, B, St .

-value &

The number of degrees of temperature change to change the D-value by a factor of 10. The z
value allows integration of the lethal effects of heat as the temperature changes during the
heating and cooling phases of the dry-heat process.

DAE R AE L0 R 7 AR A ISHil B2 (R AR A . Z{l VAR I BUERCR BT HS, BT L2
I BOMIA A Bl 5 25 A AR AR A
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3.0 The Science Of Dry Heat Depyrogenation And Sterilization FHERFEIRRKEFIRIE
Dry heat processes can provide sterilization or both depyrogenation and sterilization. The
purpose of the process will dictate the validation approach. The following section provides
information and science behind depyrogenation and sterilization methods used for dry-heat
processes.
T TR RE NS SEIL K B PR A BR AR o 1R H AR g BTV BN R T
T HRD R R A5 25 BR AR T VRS i AR AR
3.1 Depyrogenation BE#UR
There are a number of depyrogenation methods used to inactivate or remove bacterial
endotoxins (12,13). Dry-heat depyrogenation is the primary method used for the inactivation
of bacterial endotoxins by thermal destruction. Dry-heat depyrogenation ovens or tunnels
have been used for the depyrogenation of heat-resistant materials like glassware, metal
equipment, instruments, containers, and heat stable chemicals (7,12-15). The development
and use of the Limulus amebocyte lysate (LAL) assay has also provided a means of
assessing the performance of dry-heat endotoxin inactivation on a quantitative basis
(11,16,17).
P BRECK RN B N B2 BRI TIEAIRZ (12, 13) o T-HBRHJGFUE T 40 8 N 55 35 K00
T, Ty AR IR . TR SUREAR el T O] T I AR R I B d H L S ik
o THE FEIFRFEE FFD R BRAJR (7, 12-15) o #AIEE (LAL) KR A
HESRAL T A B AR E VPG T HORTEN T = — R B (11, 16, 17) .
The selected temperature and exposure time should be appropriately validated to
demonstrate that the dry-heat depyrogenation process delivers an adequate and reproducible
level of endotoxin reduction when operated routinely within the established tolerances.
Since dry heat is frequently employed to render glassware or containers free from detectable
endotoxins as well as inactivate viable microbes, an endotoxin challenge, where necessary,
should be an integral part of the validation program, e.g., by inoculating one or more of the
articles to be treated with 1000 or more USP endotoxin units (EU) of standardized
lipopolysaccharide (3).
16 5 FAY R VAT it S8 M ) AR 2 IR, AE WA N7 AR 52 V0 N R I, T RS
J 2R LA 8 TR AR IR P B R PRS- T W F P St s o Ll 2
ANETRLIN A 75 2R DUSCRIE R, AR BEnS,  NBER PR A e R ) — AN R
filtar, R — AN AN BL R, A 100048 2 I ERUE G 2 BEUSP N B 3 AT
(EUW) (3) .
The inactivation of endotoxin achieved with dry heat is commonly used for materials that can
withstand high temperatures for a period of time. The mechanism of dry-heat bacterial

endotoxin inactivation in this case is by incineration.
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The heat lethality delivered by these processes will provide a large margin of safety with
regard to sterility since dry-heat resistance organisms such as Bacillus atrophaeus (formerly
B. subtilis var niger) spores have D values of only a few seconds at temperatures used for
depyrogenation (18). One can, therefore, anticipate microbial reductions well in excess of
10 | and process lethality can actually be defined on the basis of endotoxin inactivation
(18-21). During the validation of dry-heat depyrogenation processes, dry-heat endotoxin
reduction studies are always conducted rather than microbial inactivation studies. This is
because the inactivation rate of endotoxin is slower than the inactivation rate of the biological
indicator (BI) used (e.g., spores of B. atropheus). In practice, the reduction of endotoxin
challenge by three or more logs will result in a process that also achieves the probability of
non-sterility substantially less than 10~6 (22,23).
XL T 2SI I AEGEBOR AT UG 2 RVE B 2 ek, PR 2 4 2 fAT B CZ AR
Al B 2 ST B R AR A IR AP I A E A 25 BRI DA A LA BT (18)
R, T A Mk D e 8 101, I FLT 2 K 7 S b b n] ARRAS Py 4 38 sk sz X
(18-21) o THERIJSUMIGIE, RIEAT R IWF I A S AE Y KRG I . X2
A0 N TR AT ZAE IR s A) (BD KIS (e, ZREAEA ) o W, N
RPN T EH D = A B A AR RS S AR E /N TL0P g (22, 23)
When the inactivation of endotoxin for a dry-heat depyrogenation process has been
demonstrated to achieve greater than or equal to a 3 log reduction then it may be assumed
that the depyrogenation process will inactivate bacterial endotoxins that could be presented
by any given component manufacturing process (18,19).
TR T2 N BRI RO CAEW] AT LU BT B85 T3 X B kI, SR 5l B2
e, xR T2 KIF AR g @ 408 L2 MAE A w2 (18,19) .
Reduction of endotoxin by thermal incineration is dependent solely on factors such as mass
and configuration of the load that affect heat distribution in a chamber or tunnel. The chemical
nature of a component impacts only the recovery of endotoxin and not reduction. Therefore,
the most accurate assessment of reduction is to use an endotoxin indicator (El) that is least
prone to variables associated with endotoxin recovery techniques. For example, use a El that
is amenable to vigorous vortex mixing(5).
M BEREE AR N BE 2R D EE R WK B B A, s s 5 sl A i A 41
RIS R T S N RE 2R R RCR B8 5 33T R TR, B BRSO PR PP A2 A e
Ao 5N FRPICEARZR BN R IR A (ED o B0, FHES A R iR 5 1
El (5) .
3.2 Endotoxin Indicators WEEIRRH]
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A detailed guideline for preparing and recovering endotoxin challenges has been published
(24). Process exposure time and temperature are the only determinants for endotoxin
reduction. Variables that may affect endotoxin recovery and introduce artifacts are associated
with the nature of the endotoxin carrier and may include:
il 2% LA K N 23 21 R Bk O TR FR R D28t hi (24) o 20K N TR RH 80T ales b P
FEPGER R ARG N 75 3R [PICR RIS U 1 P AR BR 2R 5 N B 3R BRI o,
CINiAEkLE
* Formulation of the endotoxin
P RE 2 IIC T
* Surface type, composition and configuration of carrier
BRI AP, 20 BRI 25 1)
* Inoculum (spike) concentration
A CINEE) IR
» Method of inoculation and drying of endotoxin
PR M N B R
« Stability and storage of inoculated carriers or items
PR ARSI H RIS E PEATIE A7
There are two approaches to selecting a carrier for depyrogenation studies. One method is to
inoculate a carrier that has the same chemical properties and configuration as the
components that are subject to the study. The second approach is to use a commercial El,
which is heat resistant and can be vortex mixed to achieve recovery of endotoxin with a
minimum influence from recovery artifacts.
AP IEBE R AR T BRI RE . 58— Ry g2 et St R RO 20 70 BA AR TR 4L
FEFOMEHI AR 5 RO IE R MR HEL A, R L b TRk S 5 2K [N
K, JF RSORS00 B /)N o
3.2.1 Preparation and Inoculation &R
Washing or rinsing using water for bacterial endotoxin testing (BET) or water for injection
(WFI) that has been demonstrated to show no detectable endotoxin is recommended to
minimize the possibility of intrinsic contamination resulting in false positives.
HEFAAT ] 2 UESE o AR B N BRI T 40 N B R A5 (BET) HIBESR iU /K el
TS HIZK (WED ] DA PR A 35 5% T 5 S0 BH 1 25 SR A mT ek e 2 dee ik
Inoculation or spiking is performed using a small volume of high-potency endotoxin of
sufficient quantity to demonstrate at least a 3-log reduction of endotoxin. Els are inoculated
with greater than 1,000 international units (IU) of bacterial endotoxin (lipopolysaccharide)
(Note: One international unit (IU) is equal to one endotoxin unit (EU)) (23). Due to absorption

or binding of endotoxin to the inoculated surface, it is prudent to inoculate with greater than

15



1000 IU. A small challenge inoculums volume typically less than or equal to 0.1 mL, should be
applied as it lessens the drying time and aids in the fixation process.

FLRP BN R L 2 IMAT R 8 W B AT, SRAEWI W35 38 Db 3 R 8
ELSEAEIE 1000 Br i (U N R LE: —ADEBERA U SFF
MWRERPAL (EU) 1 (23) o H T A #E 3 M 3R A AR W B S A L, P BLERE IR
171000 1U. R I /N85 10, 122 TH B> PR i, TRE R sl T 1) 4 1)
T E T2

Note: The level of endotoxin with which to inoculate a carrier is somewhat controversial.
Purified endotoxin, which is used in depyrogenation studies, binds more thoroughly to the
carrier surface and is more difficult to recover than natural endotoxin (25,26).

W FEAEIEAR BN BRI R S . T L BRI SR 2L e N B AR S AR T 4
FREME. E5da, WIEH RN RRRWCEINAE (25, 26) .

Fixation method and surface type can affect endotoxin recovery. Air drying the endotoxin
challenge solution to the sample surface is recommended and is representative of how
endotoxins are naturally affixed to items (4,24). Drying Els under an ambient laminar flow
hood is commonly conducted. However, studies have demonstrated differences in endotoxin
recovery depending on the type of glass and the method of fixation. Other methods of affixing
Els include lyophilization or vacuum drying.

[F] 5 T3 AN T 2R A AT LA e A 7 3R IO o A (0 P 2 U TR T e A T 1) N 7 3R P
W, X REACE A 1A H AR e AR T B (4, 24) o —RAE)JZE N TERELS. AR,
W], R R ORI T B [ E 1 7V B2 . HARRG T ELS )7 V280 157 VR 145
BREL AT

3.2.2 Sample Processing HFEHE

Processing of Endotoxin Indicator samples should conform to a standard procedure and be
documented. Dry-heat depyrogenation studies should include appropriate negative and
positive controls.

WEEZR SRS AL PR IR HER PP I o e T AR AN AT T A 122 6047838 EL 8 3 PR AR B A0
I

Sufficient inoculated items should be set aside to serve as unprocessed El positive controls.
Positive controls should be handled and stored in the same manner as the items to be
depyrogenated to quantify the amount of recoverable endotoxin and calculate log reductions.
If indicated, uninoculated items may be set aside to serve as a negative controls.

IO B S AR 0% B AR D ot A DA AR AL B FRTE AT B P00 o I o R 7422 A 2 R i A FROARE it [
(K077 AT AL BRI A7, DA AR 0 AT TSR N 25 38 23 BRI SO0 B0 R BB AR 0 P T
RE<x B AR B

3.2.3 Recovery [BI&
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The final testing for recovery of endotoxin spike after treatment with an overkill dry-heat cycle
should confirm that spiked endotoxin was reduced by at least 3 logs. Studies demonstrating
endotoxin recovery have concluded that vigorous vortex mixing and/or sonicating are
essential for endotoxin recovery (4,24) For inoculated surfaces that are not amenable to
vortex mixing or sonication, a previously screened surface active solution may facilitate the
physical removal of endotoxin (7,27). The BET method should be sufficiently sensitive to allow
endotoxin recovery and quantification of at least a three log reduction of the EI. For example,
if the El spike is approximately 5000 IU/component, then a gel-clot assay should be
conducted with an LAL reagent with at least 0.125 IU/mL in sensitivity, and a photometric
assay should have a suitable standard curve range of 0.1 to 10 IU/mL or equivalent.
IRER N 5 3R AR AR K T I B2 J5 s [P B AN BE B INAE B A 53R 422D
NEESA I E S WK, AR PDECR TG A5E, i e S ek P AL B A R R
AT (4,240, AEERN R IEANE G i i B0 A AR BE, TG T S s R 2t
WEERMIN LFR (7,27) « BETVANIZEW RE, wIIRUEA # R IR IRV EI R D T %3
AR E G i, AnREINFE 29 5000 1U/ZH 55, BRI I 52 2 5 2 R B 2520 0.125 1U /
TR, 3 REN N g R 0.1 3210 1U /22T Bl 1 3 A5 A0 10038 bR v 2K
All BET analyses of positive controls (unprocessed EIs) and recoveries from processed
components should be conducted using validated methods.
N A 28 b B0 R (0 i AT BT TBET 20T (WILRIMELS) A T2 LFMRIfeR
3.2.4 Results Interpretation/Endotoxin Log Reduction Calculations %52 #iBH/NEFEEXNE
OV
The amount of recoverable endotoxin assayed from the unprocessed positive control should
be sufficient to demonstrate a 3-log reduction of endotoxin on the challenged items. When the
inactivation of endotoxin resulting from a dry-heat depyrogenation process has been
demonstrated to achieve greater than or equal to 3-log of reduction then it may be assumed
that the depyrogenation process will sufficiently inactivate endogenous endotoxins that could
be present (22, 23). Equation 1 provides a calculation to determine the log reduction of an El.
5 P RE 2 DA 10 AATIAR B8 BH Ao A mT [ P B 3% A A2 AIE ] R B3 o 2
— TR AR 24 B N B FR KIS RUR CUERTIA ] TR BRI A T3, R LB E
BRI T2 LU BEAFAE N PE N 3R (22, 23) o AR T el 52 BN T B
AT~ 2
[Equation 1]
A1

ELR = loglU, - loglU;
where:

Hor:
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ELR = Endotoxin log reduction
WEEZ A B
IU, = Average recovered positive-control endotoxin concentration (unprocessed)
FEAE XS HE P9 2% (PR RO B (04a 1D
IUs = Average recovered spike concentration after exposure
K e~ IO
Following is an example of Equation 1 where the average measured endotoxin concentration
of the positive control endotoxin indicator was 1,225 IU and the test indicators after heat
treatment measured 0.5 U resulting in an endotoxin log reduction of 3.4. The log reduction for
each of the Els should be calculated and documented.
DU SE AR 6, DA B IR B 3= 45 s AR O 1225 10, KR s e kb 2
Jrr AR A E 9 0.51U, X5 HY T A 35 35 RO E N R 3.4 N THSEATSCR T SRR ElS IR 2
iR
log 1225 - log 0.5 = 3.1-(-0.3) = 3.4
It is highly unlikely that an overkill dry-heat cycle would yield detectable endotoxin in extracts
from undiluted exposed Els. When endotoxin is undetectable, 1U; is the sensitivity of the BET
method, such as the labeled sensitivity of a gel-clot reagent or the lowest endotoxin
concentration of a photometric standard curve (11).
RLBE R KT RAEA TG AR IGRE ) 2 B EISIRAGD) PRI B N BE 28, XA DU AR AN AT B o
MW EERRI AR, \UgEBET VAR RBULE, WbR7s 1 RSB RIS B0 REbRE th 2k (1) f
RN EERIREE (1) .
3.2.5 Glassware Depyrogenation 5% B &R
Not all aspects of this technical report are applicable to glassware or other containers that are
used to package products destined for terminal sterilization. Depyrogenation by washing,
rinsing and the sterilization process is as effective as dry-heat depyrogenation, and has the
advantage of cost effectiveness. Additionaly, the manufacturing process for glass, which can
include temperatures of 815.6°C to 982.2°C, excludes the potential for bioburden and
endotoxin contamination. There is no discernible risk for endotoxin contamination of
glassware that is promptly packaged after production in a cleanroom environment and
subjected to shrink-warp for delivery and storage. Although, a highly unlikely risk,
contamination due to exposure to bioburden may take place during the handling, packing and
shipping of glass containers by the manufacturer and during processing and post cleaning at
point of use.
ANFEIXANHAAR 1R A-ASJ7 THHR I HTHTA02he  has AT 2 dim KB ) B s HL A A 2. &2
Ve PYERCKE T 2R AR S TR s — e 2 IF HRA ARG L. teah, 3%
BTG T2 0045815.6°C42982.2°CHINLEL , IXBEHFBRIBAE R EMI M N BE 3T Ao AR
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NI LA 7 g SO e . O SR s R A ) e s B N R RV KU . AR, A A
AR R R AR KR, P REAE IS F s . f0%he mlia fan i s o FL DT IR) L K A Ak BRI ) R A
] ATV I, T B R A A T S B g
A quality risk management program should be in place to ensure patient safety throughout the
pharmaceutical manufacturing process that includes glassware. A formal risk assessment of
the shipping, handling and storage of glass containers using recognized tools (e.g., FMEA,
HACCP) should be conducted to determine areas of potential endotoxin contamination with
recommended mitigation and post mitigation review. Assessment considerations include:
U KU B FP DOZ A O B O 224, BT AN B 2yl i B, BAR BaAs RE N .
PIEAARHI . WA A A AT E U XS A TR (Bildn, FMEA, HACCP) , JEHIH
17 1) AR VR AT BAR e [P ) T iR PR AR I N R TS Ao DA DR 3 A4S
» Quality audit of glass manufacturer
I 1 PR R
» Storage conditions prior to packaging
CBEZ AT IR AE A
» Packaging to prevent microbial and endotoxin contamination
0,2 AR 1B AE R P 7 21T
« Storage conditions prior to and following shipping
18k 2 BT A A
* Handling and shipping
Wis Fisti
Steps to mitigate risk could include the inspection of shipping containers upon receipt for
water damage or inadvertent in-transit damage that would affect the integrity of shipping
container, environmental controls to protect the glassware once packed and/or washed,
control of the rinse or wash water step prior to filling through quality of water used (water for
injection (WFI) recommended), daily testing of WFI for bacterial endotoxins and microbial
counts in order not to exceed limits that would elicit a pyrogenic response, and finally, the
bacterial endotoxin testing of each batch of finished sterile product (28,29).
AR AT RS () 20 TR ALAR . B IR, A i 2 4 e 15 A /K Tt B I R X R PR AT e 2 B A i 5 hs
FEVEITER U AR AR AT B R B Ve 45 7 R RSS2 ) s 7 e wl i e B
AR A R GRUE IR GRS FKWED B FS W FI 4018 A 55 2% R A= 01140
DU A BRI, B IR T e g D I N, g, BRI OB 287 0B A T 40 T Y 25
FIH (28,29) .
3.2.6 Fy-value for Depyrogenation B3R F &
The F-value equation described in Section 3.3.1 may also be used in dry-heat depyrogenation

processes to calculate the time in minutes equivalent to a lethality or endotoxin destruction
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effect delivered by dry-heat at 250°C. The F-value reference temperature is set at 250°C and
the z-value minimum is set at 46.4°C (5).

7E3.3. 1 IR I FAE A U] T TR AR R, ] o 88530008 31 15 250°CT-#y ™ AL I B A%
R w2 BRI ), BLor Bt o FIERI S 25 e #E250°C, Z{E R /IN }146.4°C (5) .
3.3 Sterilization K&

Dry heat is a relatively slow-acting sterilizing agent, generally requiring higher temperatures
and longer exposure times than other modes of sterilization. Dry-heat sterilization is carried
out in an oven or tunnel supplied with heated filtered air, distributed uniformly throughout the
chamber by convection or thermal radiation and employing a blower system and devices for
sensing, monitoring, and controlling the operating parameters (23). The rate of microbiological
destruction associated with devices and items sterilized by dry-heat is influenced by the
temperature, uniformity of the heating medium during sterilization, conductivity of the
containers and/or equipment to the heating medium, accessibility of the device or item fluid
pathway to the heating medium, and physiological state of the bioburden associated with the
product (30).

TRGE P A RIS AR B 7, R LA o3 Bt 05 25 A iy O AT A 1 2R ]
TR e T T A A PR TE LB SN PR T e S ORI, TR AR AR SR A AR R i
WS oA, JERCA KWLRGAME R, IS RIs T S 8wes (23) o UEYIBIARE AL
WA, I HTHCKEPRL 20T KB I BT e 25 de A B £ 0 In#uh Jit
e FE 1% B I H N SO AR T B R AT TR DL A g 7t A S RO A ) B A DR A 1) 5
i (30) .

3.3.1 Mechanisms of Inactivation KiFHLE

Dry heat at temperatures greater than or equal to 160°C is typically used for sterilization,
although processes at significantiy lower temperatures have been developed and validated.
E T KB TR & K T 85 T-160°C, A S A% 1) T2 CUREAR FHERAIE

Dry heat inactivates microorganisms primarily by oxidizing organic compounds. Sub-lethal
dry-heat temperatures induce mutations in B. atrophaeus spores, probably as a result of
depurination of DNA (30). The water content of the microorganism, as well as temperature
and time, are considered to be the primary factors affecting inactivation (23).

TG I BB A MU S WA . T EIE TRl B8 ) 5 | A, FEAT B PR (AR 2
fIfflr5r, X 0] He ZEDNAJRIER 545 R (30) o TAEMIRE /K DL FERIIN[a], Ik
SESCMRIE I LR (23) .

The death of a homogeneous culture of microorganisms exposed to constant lethal stress
(also known as the survivor curve) has been shown empirically follow fast-order kinetics (31).
The rate of microbial lethality is a function of the thermal resistance of the microorganism and

lethal stress and is independent of the number of microorganisms in the challenge. The
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survivor curve can be described using the following semi-logarithmic, first-order model:
AR A, TR 150 5) B 57 2 i 110 € BOE s BN AR T2 AR 1 0 (U A7
2o WME— KN (3D o WAEPIET SEF R AR ASECS R KN R B, 5 K
P TP R TGO A7 HZe vl LUT] R i fnt 20— sl A athig -
[Equation 2]
A2
logNg = - F(rz)/ Dt + 1og No
where:
Horpr
N = Number of microorganisms after exposure of F equivalent minutes
T TR RN R) 2 5 A A B
F = Equivalent lethality of a process calculated as minutes at a reference temperature (T)
using a defined temperature coefficient (z)
ESIGEE (T P RAE R R () R T 258U
D = Thermal resistance value, in minutes, of die microorganism at a specific temperature (T)
M HE, LA BhRoR, fERREIREE (T R wse T il
Note: This specific temperature must be the same as the reference temperature used for
calculating F-value.
VLA 18w i R A A0S FE VSRR F (R R A )
No = Number of microorganisms prior to exposure
ZFR AT EY N BoE
3.3.1.1 F-Value for Sterilization KEF4{E
Fy is a measure of heat input. The F, concept is comparable to the Fy concept for moist heat
sterilization and references lethality to equivalent times at 160°C. Other reference
temperatures can also be considered, but 160°C is primarily used (30). Fy values are shown
in units of minutes or seconds, and the calculations of F use the same equations as the
calculations of Fy (Equation 3).
P — MO RLE, FullORES 503 K I b Py O ME A — 50, 595 1600 S 30K HIR
HIEKE A HARSHR BT UHRE, HEEHI160°C (30) o FufE LA aheiib o fifror,
FrAR o ST A FE Rt S A 0 (A3
Fyis a term used to model exposure time to dry heat. By definition, Fy is expressed by a
reference temperature so that it truly represents the equivalent exposure time, in terms of
lethality, at that reference temperature. Since routine operational processes are not generally
square wave processes (i.e., the load does not come up to temperature instantaneously,
remains at the precise set point throughout the exposure phase, and then cools down

instantaneously), the z-value, or temperature coefficient, is used in the model to calculate the
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equivalent lethality at different temperatures during the cycle.
Fr M TR TR R I AR A B — DR . R E X, Rt USRI RS, EXFFE T LA
SARAEIZ KB AR R Ee N 0], LSRR A R E Ry — A2 T B
W2 Bl U AE KRR, Bl R AN ) Bl ()38 3 B KRR, (R A
BIORFFAEIXAHE I VOE Il B2 L, SRS BRIA e e 21D, ZAH, BiRRATRIE REL HI e £
F I AE KR YR T AN TR T AR R T 4
Theoretical F4 values can be calculated using the following parameters:
Fuff B A LR AN 2 2 H0t 5
* z-value = 20°C
Z{5120°C
* Tt -value =160°C
TrerfH557°160°C
The F4 values can be determined using the calculation below (Equation 3).
FofE AT LR Mo A (e (AR3) .
[Equation 3]
A3

F =% e x1005)
=1

where:
.
Fy = equivalent lethality in minutes
LREIER, USRS
Tt = reference temperature equal to 160.0°C
% [F)T-160.0°CHy 2 il
z = z-value of challenge organism equal to 20.0°C
517 1-20.0°CIA Pk kAT (12
T; = measured temperature in °C during the time interval “t;.”
A I TR TR gt S0 18] Y PRI 2 JL T, BACC IR
t; = time interval of data recording "i" in minutes
el s IS TR TR RE - BL o haioR
n = the number of data recordings
G/ AT
3.3.1.2 D-value and z-value DfERIz{E

The decimal reduction time, or D-value, is the amount of time (in minutes) required at a
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reference temperature for a one-log, or 90%, reduction of a microbial population under
specified lethal conditions. The z-value is the number of degrees of temperature change
necessary to change the D-value by a factor of 10. Both D-value and z-value are determined
experimentally. The typical z-value used for dry-heat sterilization calculations is 20°C.

1015 T RN I BE DI, RIRESRE KE ST, B2 B AR E A RER 0 T B — 1
XPECRAT,  BORKO0% It ZEIN TR CLAZM o) o Z{B & DIEAR S — AN XU A7 I,
T HON . T RO E AT L ) Z {8 /2 20°C.

3.3.2 Biological Indicators 4#JFE R

A BI challenge system is a standardized preparation of selected microorganisms used to
assess the effectiveness of a sterilization procedure during process development and
validation. A Bl is characterized by the name of the species of bacterium used, the number of
the strain in the original collection, the number of viable spores per carrier, and the D-value. It
is important to evaluate the dry-heat resistance of the Bl in the actual configuration to be
tested for validation, since the resistance of microorganisms may be affected by the substrate
upon which they are placed.

PR R AR R G e — Pl E R AR, PR VEAS 75 T AR IR I TR) TP 2K P B8
FeRIA R BUR DM HTAN B AR A 0K, JRAGRAR R AR, AN 8UR B iR i 40
MDA R o PP BIFERAE Tl i SEBR AT N T 2 X — i+ B2, RO Ab A
B AR AT e R E Y i 2

Microbiological challenges specific to dry-heat sterilization processes should be used. Spore
preparations should be clean (in the sense of being essentially free from vegetative
microorganisms and microscopic debris), well characterized with respect to their thermal
responsiveness, and the "parent" cultures must have been obtained from recognized culture
collections [e.g., American Type Culture Collection (ATCC) or the National Collection of
Industrial, Marine, and Food Bacteria (NCIMB)].

NAE R E 5 T T KB LM E Y PR iR . IR I UA B — g 2l CREARAT
ERAEMGCNETD A IE RIS AEEE, CRMUEIRNY Z N AW B SR L [Hn, 26
EIE TR LR L (ATCC) BUE AL T, MRy g E (NCIMB) .

3.3.2.1 Biological Indicator Selection and Type of Carrier ¥R FIKEFEMEBAR K SSTL
Biological indicators are available in a variety of configurations including spore suspensions in
solutions, on paper carriers (i.e., spore strips or discs), as well as other types of carriers. The
most common microorganism used, as a Bl for the qualification of dry-heat sterilization
processes using the overkill design approach, is B.atrophaeus; however other dry-heat
sterilization-resistant Bis could be acceptable. The following considerations should be made
when selecting indicator organisms (32):

PR AIAT 2R T DGR, AR I A 7 s e Rk i (B 1 4 i )

23



AR FARTE A 84 . 7R T I BE A K OTVE I TR 2, i R 3R s 7 e 2 40
ZFAOAT B s AR AT T PR B ) AR s S T DA o A AR s A I, Y
FIEBW N E (32) -
* The resistance of the test strain to the particular sterilization method is greater than the
resistance of microorganisms potentially contaminating the item or component
Jirize ) AE 046 7 RS0 AR A BU 7 it 0 it B0 ZE 00 Dt v, T AV B i
* The test strain is nonpathogenic
6 B AR B0
* The test strain is easy to culture
IRIG PR 5 TR 77
The sterilization process can be evaluated in one of two ways. The Bl can be exposed to a
partial process and the kill rate is calculated, or the Bl could be exposed to an overkill process
(33). A determination of the stability of the population and resistance of the Bl should be
performed over its shelflife. The actual population and resistance to be used should be based
on the desired lethality and the design approach used (e.g., overkill or product-specific
approach).
K L2 A PR e — TP . BIMTLABRER TREPHY 00, Rl KE, BIR
LA G TR AR (33D o AR s SRR AR ARG AE T A AR 000 5 A A 258030 Py
7o ARSI B A B R BE SRR A B 73k (O n s e B2 4% K32 i e P 5720
SRR E BIFK) S e A Ak
If the reliability of a vendor's certificate of analysis is established through a supplier
gualification program and the Bl is not modified, then the supplied values for resistance of a Bl
can be used in lieu of confirmatory testing of each lot. Due to potential shipping and handling
concerns, confirmatory spore population testing should be conducted upon receipt of Bis.
Shipping and handling procedures should be assessed to ensure no Bl adulteration has
occurred (e.g., X-ray). It is important to use the same enumeration methodology that the
vendor used in order to minimize variables that could lead to differences in spore count.
Compendia (e.g., USP, EP, JP) contain monographs defining Bis that may be used in
evaluating dryheat sterilization (2,32,34). It is recommended that consideration is given to
applicable regulatory expectations.
U SR A A B R PR AL T R A A AR I AR, i HAE R s AR R AR,
TR T LR A6 R 7 B2 Bt ) A= 5 7 790 O AR 500, T AN i e Bt A 3 s 1) R i P gk 4
Mke d ] BERY IS S A AL RS TR A 1), B3R5 A 71N, PP A AT AL BERR Y, DA IR
BRI D (B, Xt AREE S — fUd SER A MBS g [RIRE 0 07 ik 4, BADD
TR I R . il (Bl USP. EP. JP) HRAT A nTRES TR TN Y
PRI (2,32, 34) o GG I AR
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4.0 Equipment Design ##& ¥

The validation of dry-heat depyrogenation and sterilization cycles is dependent upon a
number of features including the type of equipment and load to be processed. The dry-heat
equipment and its support systems should be designed and constructed to deliver effective
processes in a consistent and reproducible manner. Design and construction of the
equipment is typically governed by well-designed user requirement specifications. Successful
gualification of the equipment includes formal verification of proper design and
installation/operational testing to ensure that the design criteria and specification are met.

T HGE L BRGSO AIE T AR K S, B Ve ST NG K Ak 3 ) e 80
e TG M ILSCRF RGENY: 2 Vv AN 3 1 BE ] 46 24— BURT S I 5 sUAR 38 A R K 1 25
A BBV AT 1 T SOt e vt R4 BT 7 7 SRR R E 1 o e B D i A A 46 0 o v v
I E AU AT 222k A I, RAF DR AT & B AR VR TR AR R

4.1 User Requirements Specification P &KiriE

Oven and tunnel requirements and the type of load to be processed should be identified as
they provide the basis for further specification, design and verification of the equipment. User
requirements specifications should be prepared to define installation and process
requirements for: temperature ranges, performance requirements (e.g., production capacity),
environmental classifications, control strategy, installation location requirements and
conditions, safety considerations, and utility requirements.

A AN BT 5 I LA SRS 2K T Ak BRI ASR A N Fi5 W], PR IR 88 Py 2 10— 20 W i K
WA I BEVENTAIE A A o ] 75 SRRV, 2 1 52 222 M T 2R IR [l PEREZESK (e
FERED EEINE . WIS | A B BRI T U SE K

The dry-heat process is accomplished by transferring heat to the load through several means,
which includes forced convection and conduction. Forced convection is the predominant
methodology used in dry-heat processes and is the focus of tunnel and oven design.
TR R FAGE I LT R 5 sCUAR B 25 AR, A R AN L S o AR T PR gl
XU E T, L BEEAEAR B I S

Convection heating is the method of transferring heat through a medium by motion of its parts.
There are two types of convection heating: natural and forced convection heating. Natural
convection heating is a result of the buoyancy forces generated by differences in density
caused by temperature gradients in the fluid mass. Forced convection heating is facilitated by
the action of a mechanical device (typically a fan), with air passed through HEPA or ULPA
filters to provide a low particulate environment.

XIS L R 718 B B AR B o AT PRI 2 B AR I AT s 0 3
INFAe B AR IN AL Tk LA AR AR R A [ 3 S5O [R) 3 B A B3 A R 45 R e sl R o
IR NS (B ED fEH, 2T HEPA 58 ULPA $2 (it — MR R 7 15
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Heated air is typically forced through high temperature HEPA filters to provide an environment
with an appropriate level of particulates suitable for the components being processed. Section
4.1.1 provides design and test parameters for HEPA filters used in dry-heat ovens and tunnels.
Heated air is provided to the clean zone that heat the glassware to depyrogenation
temperature for the time required for endotoxin reduction.

It A EUE SR A R el HEPA SRR AU AR TS & L 17 K b 2L 73 (R
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Ovens and tunnels should have nonreactive interior surfaces with smooth seams and corners,
high temperature/nonshedding gaskets, sealed fan bearings, and sealed control or access
penetrations into the chamber. Sharp corners and expansion joints that could shed or harbor
particulates should be minimized.

iﬁ%ﬁ%ﬂ%ﬁ)ﬁ‘éﬁ%&)ﬁﬁ% R, R GERI A NG, il AN & S, 3 3 X
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Conduction heating is accomplished via two mechanisms. The first is that of molecular
interaction whereby molecules at higher energy levels impart energy to adjacent molecules at
lower energy levels.

P A MFE IR 55— Mg 7R A LA, B e A 1) 707 BE AR 1 25 AH S8 IR
REE 72T

The second mechanism is via “free” electrons. Pure metallic solids contain the highest
concentration of free electrons and non-metals contain the lowest. Thus, the ability of solids to
conduct heat varies directly with the free electron concentration; pure metals are the best
conductors and non-metals are the poorest conductors of heat.

RRm “Am” BT AigEB AR A bR IR RS, RS RS, B,
SFIRE ) ERLRE A R IR A AR AL Al R AR A R AVA, ARG I I
4.1.1 High-efficiency Particulate Air or Ultralow Particulate Air Filters B ESaLE28 %
DS G e R 2

HEPA or ULPA filters used for dry-heat tunnels and ovens are specially designed to tolerate
continuous temperature of up to 350°C (composite)or 400°C(ceramic). The temperature limit
is dependent on sealant type and filter construction. HEPA or ULPA filters are required to
maintain the appropriate environmental classification where sterile components are exposed
to the environment during cool down.

T ABRE AEAE Y HEPA B ULPA 24l iht, M2l fEReiA 2] 350°C (RAHMED B
400°C (FgREM BT o i BERR BEI e T2 B 2R AU FNIE JE AR AL IE . 2K HEPA B ULPA LR KRG
MU AR, Tom 4 0 AEve JI R h R 2 Fe AL A R I
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A defined frequency of HEPA filter leak testing at process temperature within the heating zone
should be performed to provide ongoing assurance of processing condition. Use of organic
challenge agents for filters in a heated tunnel or oven is discouraged because the organic
agents will collect on filter media, volatilize at high temperatures and condense on cooler
downstream surfaces (33, 36).

W42 RN TE A3 SR HEA T N DI A AT T 25000 B2 ) HEPA iR, DA L 240 i e
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Filters subjected to extreme temperature changes can shed filter materials due to rapid
expansion and contraction. Temperature control should be designed to minimize temperature
fluctuations of the HEPA or ULPA filters to minimize particle shedding. Consideration should
be given to inclusion of a period of time following the heat up phase to allow the environmental
conditions within the tunnel or oven to stabilize. Filters should also be constructed of materials
that minimize particulate shedding due to temperature changes. Items to consider for high
temperature HEPA or ULPA filters include non-ferrous metal frame, high temperature glass
fiber media, high temperature sealant, non-shedding filter packing, and high temperature
gaskets.

T 8 48 1 8 52 W B 2 R R T 2 e T DR U AR A 4 1 Wt Y el A R o v PR R A Y 2 R
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After installation follow filter manufacture’s instructions for curing (burn-off) the filters at high
temperature. Binders will outgas (burn-off) from the media. Filters installed in vertical frames
should be installed with pleats in vertical position to prevent media sag.

AEJE, PRI PE AR K AU A i el v as (PR o A T PR A R HE AU O
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4.1.2 Batch Convection Oven #tAEEER RIS

Batch Convection Ovens are typically controlled and monitored by a programmable
temperature control system. The control system should provide appropriate temperature ramp,
exposure and cool down. The air flow and pressure differential provided by the oven fan
should be monitored. Door interlocks should be controlled to prevent ingress into the oven
during the process and until the processed load is unloaded. In addition, the door interlock
system on a double door oven should have a mechanism to prevent the opening of either
door out of sequence or both doors at the same time.

2R At AL BT MR A H T 2 R it P8 4 TR P RAZE TR AT M ) o XA TR AR G 2 R
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If using a double door-unit that opens into an environmentally controlled area, maintain a
pressure gradient from the unloading area to the chamber to the loading area, with the highest
pressure being in the unloading area.

I RAE IR TR E, 2 ) SR DO T I, SEOR R MR BB DI B he X I IS 22 B0 8, R
BEBX I s g o o

Air intake and exhaust vents should be filtered to protect load contents from external
contamination. A risk assessment of the items being processed may be conducted to
determine the type of filter needed. Pressure indicating devices should also indicate
differential pressure across the filters to assist with determination of potential filter blockage.
Figure 4.1.2-1 is an example of a bath convection oven using forced convection heat transfer
showing design elements and air flow direction.

ARV HE T A R IR R ORI B N AN 5 B e MR TEAl B A2 ok E A
PR ST g aed i 2 o 00 3 o 8 85 i ) AN () I 2 SR ) B il 2 5 A W AE I I DB e 1 26 . 1]
4.1.2 &R SRR A S TR s B, 5t T Bk Je R AN SO RT 1)
Figure 4.1.2-1 Example of Batch Convection Oven Showing Airflow
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Oven chamber pressure balance port low #t4 Fk J)~F % 1

HEPA filter low pressure port =20 i #31%E 1

Recirculation fan f§¥5 XL

Control/record RTD & Hil/Ad sk i FH 20 B A 25
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Image courtesy of Despatch industries 7<= & ft R 27 Tk 23 w244k

4.1.3 Continuous Convection Tunnel ZE4z51pEIE

A continuous convection tunnel moves a predetermined quantity of items on a conveyor at a
predetermined rate through a heated tunnel to a sterilize and/or depyrogenate. A typical
continuous convection tunnel may include three zones: a load/preheat zone to prewar
glassware, a hot zone where glassware is exposed to process temperature for sufficient time
to effect sterilization/depyrogenation, and a cool zone to bring the glassware to room
temperature prior to exiting the sterilizer. Figure 4.1.3-1 is an example of a continuous
convection tunnel using forced convection heat transfer showing design elements and air flow
direction. However, equipment design may vary according to the environment in which it is
placed and the vendor used.

AL I P T 8 RE R I 5 A 3R Ay 2 3 N AR T AT IR 2 R o SR
XSRS ARG AN, e TN, FIR A A5 Fes INFADX, o as HAE T 20 T 2
T A T IR B TE B 2 BRAEOIRAS s W AIIX, AR s BB T KA A /7, R A A3
o B 4.1.3-1 52— R HH SR 0 AT e (R 2 m B 18 1 s 91, 25 o T e o s A AN
Jilite HAE, ek BT 2 MR 4k 22 PR AL I B i A2 4 o

Conveyor speed is a critical parameter that correlates to exposure time and should be
documented. Conveyor speed may be variable to more readily accommodate different size

containers in the same tunnel. Temperature control of the hot zone is required. Temperature
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distribution can vary if the tunnel is full, empty or partially full. High-limit temperature controls
are also required for continuous processes.

AL B B e I A A ILICR I — SRS, NeAEidsk. EF—BRIES, LR
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Various procedures for maintaining hot zone integrity with pressure differentials between the
sterile core and the preparation area are available. As depicted in Figure 4.1.3-1, continuous
sterilizer airflow should be in balance with the exhaust and should move from the cool zone to
the entry zone maintaining positive pressure in order to provide a sterile barrier. Differential
pressure ranges across these zones will minimize cool zone air entry into the discharge area.
Positions of gates between zones should be set and documented. Cool zone temperature
should be monitored to assure that items exiting the tunnel are cooled to the appropriate

temperature.
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Figure 4.1.3-1 Continuous Convection Tunnel
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Heating zone & HEPA filter pressure port low i X &2k 4 At S AR K 1
Load end #X A i

Washing area i&¥EX K
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Cool zones should be sanitized by a qualified sanitization process at a frequency determined
by risk, e.g., after preventive maintenance or accessing the cool zone(s). Several methods
are available to ensure that the cool zone is sufficiently decontaminated. These methods
include cool zone self-decontamination by thermal means or exposure to
disinfectants/sterilants (e.g., vaporized hydrogen peroxide) and by manual cleaning and
sanitization methods. Controls to accommodate these methodologies may be incorporated in
the hot air tunnel. Disinfectants/sterilants could also be drawn from the room into the cool
zone.
P XN 24 Y 225 Al DA RO 4o 0 VAT s TR DU I 7, an, e 14 Me 2 ) sk
NR X o A UM RER A DR FIIX RS S o XLV A3 v AR F N ATV A 14k
B R TR (i, T EAED, AT T LA R 1. I X EE Ty
VT ABCE 42 T I 5 T R XU T oy o 3800 3% R 7R P DA 5 TR i T NV JTIXAE
Continuous tunnels typically include data recorders to monitor the process and print process
reports. Physical parameters monitored include:
S (3% 2 R T A, 2 B A sk A FH DU T 2R T B 24 o M P ) B 0t . 465

» Conveyor speed

ALIL T
» Temperature of the preheat zone
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T X Uk

* Heat and cool down zones

IFFIAHIX

* Forced air fan alarms and zone pressure

IR LATX B

« System alarm should indicate when physical parameters deviate from process

specifications.

TR RGN A ) P 2 K 2 T AR HE I R
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5.0 Equipment Qualification #&&#HIA

This section addresses various systems that comprise the process equipment. Each system
is individually checked, where possible, for proper operation during factory acceptance testing,
commissioning and installation qualification. Materials of construction should be verified
against user requirement specifications (URS) and manufacturer’s specification.

Xl hd TAHR T WA KA RS 8D RGERMNE, WA TR, LMETE
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Quialification of equipment controls typically includes verification of alarms, set points,
temperature control, interlocks and sequence of operations. Operational Qualification of the
dry-heat equipment should include functionality testing of all process steps to ensure correct
sequence of operation. Additional functionality testing should focus on the critical process
parameter alarms to ensure that the equipment can reliably indicate nonconforming and
unsafe operating conditions. Critical alarm testing can be done as a separate test during OQ
or included in the testing of overall operation of the unit.
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A series of tests is performed on the unit to determine if the electro/mechanical operations
described in the equipment specification perform as stated. The final check involves execution
of a series of processes to verify that each system component interacts correctly and
repeatedly in the programmed sequence of events. Table 5.0-1 is a suggested list of items
that can be checked during this phase of the verification:

XA AT — R AL T8 B TR A S A5 U B bR iR 1) —FF o S Z I
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Table 5.0-1 Example of Equipment Qualification Checklist

#* 5.0-1 VAWK ELHG B 2545

_ Continuous
Checklist Iltem Batch (Oven)
R e e | )
pAEe A CREAE

e (PEE )

Electrical Program Logic—ensure that each step is in the
correct sequence and that is repeatable X X
W P —— I R EE 2D RN (A A ) B
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Verification of alarms—ensure alarms operate as specified
(e.g., system overloads, interlocks)

B UE—— DR A% R € AT R S R 2B (B, R&e
o, BRI ED

Door Interlocks—must work correctly, not allowing access
during the process.
[ RBEE E —— D 2UE s AT, fEsiT A SRVFREA

Gasket Integrity—

Ovens: check for positive/negative pressure seal of all door
gaskets

Tunnels: check that the leakage rate does not exceed a
predetermined value at all panel gaskets from zone to zone
and to the external environment.

Pl ) e B ——

BERE: KA T T AL TR s s

PERIE: KA X2 E] X5 AP 2 8] A AR B e S
(1003 5 A R e o T A1 o

Air  balance—check that the AP meets defined
requirements respective to the preparation section through
the tunnel.

DA A —— A A T BRI () E AR XA AP W 2 BE
2K

Vibration Analysis—check blowers for correct dynamic
balancing to minimize vibration

BN I HT——R BB, 275 RE RS A1 ok A e 5h %
FEHRAK.

Louver Balance Ability—check that louver/linkage
mechanisms can be actuated and adjusted for balance.
HCEASL )P4 B8 ) —— R A AL LR mT LA 38 ) -4
AR MR IK S MIBEAT 8

Louver position—document position of manually adjusted
louvers (as applicable)

AL A B ——AE SO Bl s Tl iU RO AL & Cn
R

Gate balance ability—check that gate control mechanisms
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can be actuated and adjusted for balance.
TR T4 e ) ——Ha A 1) A2 shIL I AT BA Ay 38 3801 R 2 i
B UK B R T I EE

Blower rotation—check that blowers rotate in the specified
direction X
DAL 2 P 5 XUBIL R 2% [ 2 75 75 5

Blower revolutions per minute (RPM)—verify that the
correct blower RPM is achieved. X x
LR A3 B8 (RPMD ——HffiiE nl s BE 1 XHL RPM.,

Heater elements—check that all heater elements operate

I A P —— R PS4 AT R P P " "
Room balance—check that the 4P balance is positive from

the sterile core to the preparation area when the tunnel or

double door batch oven is in operation. X X
% WP —— R A AR BRI BB VAR RIS AT I TG 1 X £ S

BHX M AP S IEAH.

Verify HEPA filter integrity.

I HEPA S B 05 4 " "
Temperature sensor---ensure temperature sensor are

installed appropriately (location, orientation) X X
WAL RS —— 0 DRI AR A S R 20 (B Ty 1))

Belt speed—verification of correct belt, speed controlled

and recorder x

FIBAT B —— IR IEW%S, BRI K

Proper calibration tolerance and calibration frequency should be established for instruments
used to monitor critical operational parameters or critical quality attributes using the
appropriate standard (e.g., NIST, ISO).

N2 HIE H HIARAE (Wl: NIST. ISO) #EAL &3l HIAHE A ZZ A HESI A, T DL I SQ B # A 2
o st i e .

Environmental conditions depend on control of particulates with HEPA or ULPA filters and
pressurization of clean zones and chambers. Testing includes verification that particulates
levels, clean zone pressurization and air flow and balance meet design specifications. Empty
chamber temperature distribution is qualified to verify that air flow has been properly balances
to minimize “cool” spots and meet pre-determined specifications.

MBS AFIEE HEPA B2 ULPA JIE S R AR 1 XSRS P PR 088 P A o AGL D IR 55 s
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5.1 Environmental Qualification IFEHAIA

The particulate quality in ovens or tunnels should be appropriate for the exiting environment
classification (15). Airflow parameters established should be appropriate to maintain
temperature uniformity and air quality under dynamic conditions. Airflow velocity readings are
used to determine airflow uniformity across HEPA filters during equipment qualification.
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Operational testing should include verification that the HEPA filtered aseptic environment is
maintained (37). Particulate testing is commonly conducted with the oven operational, but not
in a heating mode. Testing can also be performed at operating temperature as well as during
heat-up and cool down phases if needed. Samples should be drawn from identified worst
case locations. Sample ports are beneficial in accomplishing this; however, care should be
taken to limit excessive length or bends in tubing from sample ports to the particle counter.
When performing particle testing at operating temperature, the probe should be connected to
a heat exchanger to cool the air prior to entry into the instrument. Particulate concentration at
a given location should meet applicable standards (37).
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Room differential pressure requirements for the oven or tunnel should be established in the
URS. Unit air flow and temperature distribution is impacted by the room differential pressure,
which reinforces the importance of having specific room air balance design criteria with
double door ovens separating classified areas. Required air pressure differentials should be
verified via operational testing of the sterilizer. The minimum pressure differential established
is dependent on the system design. Air balance between the sterilizer and the outside
environment should be verified.
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5.2 Uniformity of Heating Media Jn#urBH¥—

The first step in performing temperature distribution studies is to establish appropriate air flow

to ensure thermocouple accuracy.

S5 S AT B S A B ST ) SR DR A LA R HER 1

In batch ovens, the source discharge louvers should be adjusted and their position

documented so that a controlled flow is obtained across the face of the discharge section.

Airflow has a direct effect on temperature profile within the chamber. Louver adjustments may

be necessary to achieve temperature uniformity throughout the empty chamber. After the air

flow pattern and uniform temperature profile is established, monitor the particulate quality of

the discharge air at process temperature and ensure that it falls within pre-established

acceptable limits.
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In continuous tunnels, the supply air should be adjusted to obtain a controlled flow throughout

the tunnel. Typically, supply air flow is adjusted by changing fan speed or damper position.

Note: Not all continuous tunnels have adjustable dampers. Consideration should be given to

monitoring the particulate quality of the supply air at process temperature and ensure that it

falls within pre-established acceptable limits.
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Data obtained from the empty oven or tunnel testing will be used as a basis for all future flow

pattern modifications. The number and type of tests necessary to demonstrate repeatability

may be determined from an evaluation of the results obtained.
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5.3 Empty Chamber Temperature Distribution (Ovens and Tunnels) Z358AKEE G
(BLAHANREIE D

Determination of the temperature distribution is an important factor in the qualification of

dry-heat process equipment. Temperature distribution studies in an empty chamber confirm

that the air balance and heated air supply will provide even heating. Typically, multiple empty

chamber distribution tests are performed to confirm reproducibility of heat-up time and cool

locations as well as heating medium uniformity. These studies also confirm that the dry-heat
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equipment is performing as intended. The temperature setpoint established during process
development should be based on the ability of the unit to heat all areas, including any cool
locations, to the minimum required temperature specification for sterilization/depyrogenation.
FET I T 204 AN il B2 A A 2 — AN 3. B T IR 0 A F S A
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Batch oven temperature distribution should be performed by placing an adequate number of
thermocouples throughout the chamber load zone so that horizontal, vertical and lateral
planes are represented. Thermocouples should not contact internal surfaces of the oven. A
minimum of one temperature distribution thermocouple should also be placed in close
proximity to the temperature control thermocouple. The average chamber or heat zone
temperature should correlate with the control thermocouple temperature.
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Continuous tunnel temperature distribution should be performed by placing an adequate
number of thermocouples equally distributed across the belt width. The thermocouples may
be either temporarily affixed to the belt or to a mounting bar that travels down the length of the
tunnel so that the entrance, exit and load zone across the belt of the unit are measured.
Thermocouples should not contact internal surfaces of the tunnel. Thermocouple placement
height should be representative of the anticipated load in the load zone. A thermocouple
should be placed in close proximity to the control thermocouple where possible or its location
should be correlated to the control thermocouple.

T2 B PR B2 S AT B 2 R A AR AR 2 ke S M T R SR ) T R S B o il RS
A LA I 22 A AL ik Aty EAR W DA e fE e 4k b, IXFERITE, YRR, A1Ekay i gk
VR 3 DXl FEE P AEIN 5 o 3 P88 R Sk AN IV 219 B BB N SR T i o e B DX U PR Sk ) 22 28 v JEE
2 HAT YR B AT . TREAOTE, il B PR Sk IV 21 22 2B A 42 il B2 Rk R B e 22
A B PN SR —— Rk .

During performance of the temperature distribution qualification runs, critical and key
operating parameters should be confirmed and documented. Tunnels should operate at
nominal set points for belt speed and hot zone set point temperature. Expected temperature
variability throughout the tunnel may be derived from manufacturer’s specification.
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6.0 Process Development T2k
The goal of process development is to identify critical and key operating parameters that will
result in a load meeting the minimum acceptance criteria for depyrogenation / sterilization.
The items that constitute the load should be determined before process development. The
thermal dynamics of the chamber and the thermal profile of the items and loading patterns are
determined during process development. The processes should be representative of actual
manufacturing conditions (e.g., spraying vials with water to simulate vial washing), and the
development process should be well documented.
T2 R H KR N TR KM A2 T S8, XSS A e s ORISR e 2o A 25 35K
R IR SR A T2 bt o 2H R P i A 0 L T R AT T ke AR IR T 22 3 K ) i
M BB 2 SRR AE L 2T ARG R TP AT I AE o KB L 2N REAR R SE B 1 267 A (45
U Y 28 K b i 7 SRS Ve PO, I HLOF A T 2R R il kAT R AP %
6.1 Process Design Approaches L&
The principal process design approaches used in the development of depyrogenation and
sterilization processes are the overkill design approach and the product specific approach.
Both of these approaches are able to provide a process that delivers the appropriate level of
sterility assurance or endotoxin reduction to the items being depyrogenated or sterilized.
T LG RUR TR L2 K i) 18 B 20 IR il B AR KT i G @ U7k . I #SRE
SEEIO )it 25 3t R DA S0 T DR UE PRI N 75 3% 10 B i K-
6.1.1 Overkill Design Approach R K&t
The overkill design approach may be used for both depyrogenation and sterilization
processes to achieve the desired level of lethality. For depyrogenation processes, the overkill
approach should demonstrate a minimum of a 3 log reduction of endotoxin at the coolest
location in the worst case load.
o R KB Ik T R I T R AR, IR BRI SR X BRI T,
Tad JEE SR IR IR W) A i PR AE P 2R BB R I B i, W3R KPRERS T B2 2D 3 4 logs
Sterilization processes use Bls with a known population and resistance to demonstrate the
lethality achieved. Bacillus atrophaeus is the organism typically chosen for this purpose
because of its specific resistance properties to dry heat. The validated sterilization process
must deliver a probability of a non-sterile unit (PNSU) that is less than or equal to 10° (See
below for calculation of PSNU and an example). It is important to consider the potential for
thermal degradation of the items being sterilized when this method of process development is
used.
K T2 CAN R & B 2 PR ZE TR 7m0 (BD AEWIRERSIA R SIEA . Rl b 2F LT 1A
(Bacillus atrophaeus) & —Fi ML, KB AP HAT R RN 52 M . 283 5 E 1) K B
T B RE S SR JC B BT (PNSUD /N F a5 10 il RETE (L R IRPSNUITHELAIEED .
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Calculation of PNSU
PNSU#H#&
The probability of a nonsterile unit at the minimum FR delivered in the load can be calculated
using the following equation:
B/ FR AN, Bedli N AR To i A7 i T BEPE AT LG LR 2 05
[Equation 4]
AR4
log PSNU = - F4/D + log Ng

Where:
e
Fn = lowest Fy calculated within load

BN T AT R ARy
D = Digoc -value of the BI

BIf¥)D1eocfi
No = initial population of Bl

BIFKIEL 46 1R Vi 2

Therefore:
DLt
If FH = 30 minutes
Disoc -vValue = 2 minutes
No = 10°
KRy = 30738
Dieocll = 24741
No = 10°
Then:
hyJ
log PSNU =-30/2 + 6
log PSNU =-15+6
log PSNU = -7
PSNU = 107
Therefore, in this example, the predicted probability of a nonsterile unit at the coolest area
within the load (lowest FH value) is 107 (not more than 1 nonsterile unit in 10" units), which is
well below of the accepted standard of 10°®.
PRI, AE B3R rn, ARz di i) B s UM TG B BT ¥ n] ek A 1077 (107 apr rhoAR
LAMETCH A AR 2 brdk 107,
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6.1.2 Product Specific Design Approach F=¥&B& Tk

The product specific design approach may be used to develop sterilization cycles for heat
labile items. The process is dependent on studies to determine the number and heat
resistance of microorganisms in the product. Once the heat resistance and population of the
bioburden organisms is characterized, a process can be designed that will result in a PNSU of
10°®. Bioburden should be periodically monitored; the frequency of monitoring should be
determined through a risk assessment (38).

P RV TR AN B B K T2 R e IR M 2R T E 5 A s T E A
BRI 2 . — BT IR A R b e, BBIA 3] PNSU AN 107 i K
W L 2R B vt ik e B Sony AT IR AA . XU VRO 1 E I3 (38).
Inactivation of the microbial challenge to a predetermined level demonstrates that the desired
probability of survival of the product bioburden is achieved. For additional detail on the
product specific design approach to sterilization, see PDA Technical Report No. 1 (39).
AP R A 2 TIUE ZKF- AT LAAIE W B 38 2 FUHI 7™ S A S R A7 28 o A7 9™ i K
L BBt rE M I EA(E B, 1§52 WS —5 PDA HAR#E (39),

6.2 Defining Operating Parameters &J2iTSH

Critical operating parameters for dry-heat depyrogenation and sterilization processes are
temperature, exposure time (conveyor speed). Additional key parameters to be considered in
ovens and tunnels may include time and temperature during and heat up and cool down
phases and pressure differentials.

TREJR K E T2 RIS T S ORI . FREa ) (). TR E, b
s LA I 1) T2 S 45 Hs 22 LR MR TRl 7 17 B 8 I T AL

Process operational parameters should be developed to ensure the achievement of a
minimum PNSU of a least 10°® for sterilization processes using a challenge organism and/ or a
minimum 3 log reduction in endotoxin for depyrogenation processes. These parameters
should be achieved within the loads or components being processed and should be used as a
starting point for process or process development. Temperature studies should be performed
to determine worst case conditions in the load.

T EHAES U TR ISR KA 12 A R B AL MK PNSU GA 21 %8 /b 10°° (KK, Al
ISEARIE T 2SN TR N2 34 log HfL. FEREM) S ARAFEAT KIS, pZiA B iX 4L
MRZH, I H EIRSENAE R T 28 2T K A m o BEBUN AT BT ST, AR
2 AT o

Once this has been established, testing of additional loads/component configurations may be
reduced or eliminated where thermometric study results confirm sterilization and/or
depyrogenation conditions to be greater (i.e., yields a higher FR value) than the "worst case"

load.

42



— HEEST T R A, AT RS D B B B MR B B A S I, SR TS
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Development study results should be verified during initial validation and qualification runs.
TETF RS 4 R A IRAE R dn g UE BRI AT BEA T AL

6.3 Batch Oven Process Development #tACBEXMEE T EZH R

Batch oven process development consist of identification of loading patterns and worst case
load, temperature distribution studies to verify heating uniformity of the load zone, and heat
penetration studies to demonstrate temperature being delivered to the items in the load for the
appropriate time. Development of the batch oven process is typically determined using
temperature measurements and may be confirmed with Bl or El challenge testing.

HEAL P ECHAR T 20T R 0045, BN BeBR A e 22 e B A A, IR WS DX A — IR AL 70
ATRIFGE, R B ) £ 5 2 I 0] P9 BIA A 2 ) i KA B 9 IHEAR T 20T T i 4t
WM TTVEEATHN, AR Bl 2 El PRl ge 6k .

6.3.1 Developing Loading Patterns JFRIEFHMER

The 'worst case' load should be determined on the basis of load mass, configuration or other
parameters and verified. Process parameters should then be developed to achieve the
required conditions of time and temperature for the load. For ovens, industry experience
demonstrates validation of maximum load for a given load configuration is considered
sufficient to validate loads of less mass (i.e., minimum loads).

B 2 RO AT N T ) i, R A S O BT IRAIE . 5 TR 2 S RN g ik 5
SERCER IS TV AR BE 5 A o XS THEAR, DM ZRIGUESIE TR T~ — 45 8 2R 8021 & 1) d R348
BE AR W UE WA BN e B 0 (N Nhe ) .

For each load configuration, there should be adequate space within and around the load to
permit sufficient circulation of air to ensure both the penetration of the load by heat and the
effective removal of moisture. Consideration should be given to the type of wrapping (e.g.,
nylon) or containers employed to protect items against contamination (both microbial and
particulate) before, during and after sterilization/depyrogenation to ensure adequate air
movement and moisture removal.

X TRERNR B R, e B P B RT R FA 5T A2 00 ) ) S B S RO, DAORTIE R e B0 ) e
BV LR AT R N5 R T T OR3P LA K LA Ja Sz g (R EABTRLD
S (BIanJe ) sRAE482RAY,  [a] I ORUFEAT & 24 1) 25l SOk o 2563

Items too large to fit on a cart should be raised off the floor to allow air circulation. The
positioning of trolleys within the oven must be reproducible and included in load pattern
documentation (i.e., load placement orientation). Load orientation should be taken into
consideration since can have an effect on item heat up. Load support structure (e.g., trays,

racks, carts) materials of construction should not generate particulates and should be able to
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withstand the heating process without degradation. For instance, non-anodized aluminum is a
source of particulate matter and is hot recommended.
Y KK Jeikde EHEAR MY iy T ERCE,, RS RIS . B AR A I HEAE A B R A
S, IR IE (B, AR D o T R W, P2 R
P TRl . R BOCRREE (BINFERE, SCBR, /N MRS AERORL, I REMN 32 IN#A T 2A
PEAEREAR . B, AR R RS ORI TR R, ANHEAE AL
Identification of worst case location or hardest to sterilize/depyrogenate locations in the load
should be performed by analysis of heat penetration studies. Heat penetration studies using
Fy values may be useful to identify hardest to sterilize/depyrogenate areas.
3 26 A5 AT B KPR 2 A D P i R HE AR R s DA 7 0 A B kA . SR Fa 1
BTG AT TR K B 25 A5 R o R AR AV
6.3.2 Loaded Batch Oven Temperature Distribution Studies T3#E AL I B4 1R
AR
The primary purpose of loaded temperature distribution (studies) is to verify temperature
distribution of the heating medium across the load to be processed. These studies may be
conducted concurrently with heat penetration studies. Temperature thermocouples should be
placed in the load but should not be in contact with the items or oven hardware (e.g., carts,
shelves, trays). Diagrams detailing specific temperature sensor locations for each load should
be provided.
BN 73 A (WEF0) B EEH 208 1A T2 AR b JA ot 2 e B8 (3 B 0 A 1
Olo XEEWTFT AT HE S BRI RN R4 o S AR NN, (HE AN RERL ) i,
SHEARREAT (IS, B, B o NA B R PRI R R AR R A e B A
During performance of the temperature distribution qualification runs, operating parameters
should be confirmed and documented. Acceptance criteria throughout the exposure phase of
the process may include a maximum:
FEREAT WL BE 73 A PE RIS, IS T S EUNAANI s . T2 B 2 i B B 0 T $e 2 h ]
(EXESNIE
» Maximum variation in the temperature measured by each probe

BRI IAF UL R B K ZE M
» Maximum variation in the temperature measured from probe to probe

PR TR R TR IS P e K7
* Maximum difference in temperature between the probes and the control temperature set
point.

TREK DAL 5 Ve T 1) R B K 24
6.3.3 Loaded Batch Oven Heat Penetration Studies B3&##bab3E RS KRG B

Before loaded-chamber heat penetration studies are performed, load characterization through
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item-mapping studies could be necessary to identify appropriate monitoring location(s) within
individual load items. This can be referred to as item-temperature mapping because it is done
to determine the location within the item or package that is the most difficult to heat.

FEHEAT OB AR RGBT ST AT, Tt o AT A3 2 e SR 1 v] LU i AE & e
B EE I E . BRI AT A -l R AT ST, DRk T T S i B 2
PN I See HE AR A7

Heat penetration (studies) qualification demonstrates that the desired amount of energy has
been transferred to the materials or surfaces of the items within the load. Heat penetration
data may be used to calculate F-values for each probe location. Temperature probes should
be positioned in the load to determine the slowest-to-heat location(s) within the load that
would be representative of the most difficult to depyrogenate/sterilize locations. These studies
are generally conducted under worst case operating conditions (minimum time and
temperature set point).

gEE (W0 WA IEN] T T 5 1 BE B O A% 2B Rk s i 2 i . A B Hdls v g
W TSR E R F A AR NS B AR T, T m 18 4 &
XA AL E AT AR e Ml 2 R VR R A B o SX LRI T30 1 e 22 AR 4 (I I T R S IR
JEWE) FHEAT.

Additionally, probes are typically placed in contact with items throughout the load in a
geometric pattern, as well as in any cold spots within the load zone that may have been
identified through item temperature mapping studies. For loads consisting of items that may
have different heat penetration characteristics, probes should be placed in representatives of
each item type. Temperature sensor locations for each qualification load and the rationale for
selecting locations should be documented. See Figure 6.3.3-1 for an example of a load profile
in a batch oven.

Tihb, TBCE ISR H 4 U B AR I e a0 et i, O ELEBCE AR B X Sl ) v i AL
7 R E O 2T il BE o AT 345 2 T AfA . X T H AN ) RA G R M A0 it 2 R 2R
DEERTBCE N REACREE— M i 2B o — Mgt AT AN e80T 20, LR AT B DL AL #5614
A Y A0 S HEAR BEACHURR (R PR ] WL 116.3.3-1

Figure 6.3.3-1 Load Profile - Batch Oven

16.3.3-1 eBUketE——Hb AL P UHEAR
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AR T i I [H] VR E I [i]*

* Heat up equals the time the oven temperature controller reaches its set-point.

THl B 24 il ads 280 B0 i 52 PR A ] o
** Total cool down is not represented in this figure.

SV FII TR AEZ & P 7 o
The effectiveness of the process evaluated in a heat penetration study should be determined
by analyzing the calculated FR values for all temperature probes throughout the load. This
data should be used to determine if any cold spots exist that would provide "worst case
scenario" (i.e., most difficult to depyrogenate/ sterilize) location for the execution of the
subsequent performance qualification studies. If Bl or El challenge studies are conducted
concurrently with the heat penetration studies, the calculated lethality and/ or endotoxin
reduction should meet predefined acceptance criteria.
FEG BN G P BT P B AR, N 2R A i B RSk o 5 A FRIEA T AT S
JE o BN TS R i AR, DARBE RIS (R LR PKED AL E, H
TIRETEREIAIIIT . R BIEIPk IR 5 BT N BEAT, KR F RN sl A 75 3R BRI
1A T T AR UE
6.4 Continuous Convection Tunnel Process Development fEE&EXRET TR

Continuous convection tunnels are typically used to sterilize and depyrogenate containers
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before filling with final product. In most instances the container washer, depyrogenation tunnel
and filling machines constitute an integrated continuous flow operation.

FREARIRRETE T W ] T 5 28 R AT A s K R AN L35t o FERZHUG LT, AAHEVERL
LG BETE MR LA N T — A e R IR S A

Tunnels may operate at a fixed belt speed and the number of containers varied according to
the demand from the filling machine. A variable speed belt offers greater operating flexibility
and is more common in newer installations.

B i ] LR [ 58 PAR IR 84T, AEas B AR ME R LI T SR T AR o ) AR AL IR A R 4
PET BRI ERAE RIE T, X O AR R B 2 e Th ARG B 2 il

The period during which the containers remain within the hot zone, also referred to as the
"sterilization/depyrogenation dwell time," is set by conveyor belt speed. Required dwell time in
the tunnel hot zone can be empirically derived by thermal analysis during empty and loaded
chamber studies.

PR AT il DRI A], A RIVRR A K 5 AR BE B N I)7, 2 AR i B R E R T B
e ik DX B ) AT AR = ORI 2 Ao M A T S B A 3 T A

6.4.1 Developing Loading Patterns - Continuous Tunnels JFRIEHRS—FFERE
The worst case load should be determined on the basis of load mass, configuration or other
parameters. Process parameters should then be developed to achieve the required conditions
of time and temperature for the load. Load items should be placed into the tunnel so they
remain upright, thus requiring placement on the belt in a "tight" load, so that items that may be
disturbed will be held upright by the neighboring items. To maintain this load, either the belt
speed must be consistent with the washer speed, or if the belt speed is to remain constant,
the width of the load must be varied.

W7 A AT N T . A B S H e . PR IT R L2248, ik BB
SRR I TR) AL A o e o) it B 85 B TRCE AR BRI b, IXEAR IR B ATBCE 7 2R e — e
BEBL AT )T R AR SRR LR R BRSO TR B 5, ARIRAT LA i
VEMUH R — 3, s AR i, (H e 3050 B o R A AR A

In tunnels, exposure time is controlled by belt speed and set-point temperature. The
temperature of the glass is affected by exposure temperature, airflow, and the mass of
glassware (40). Exposure temperature is maintained by a feedback control loop which
controls temperature at a relatively constant steady state, but may vary as the load conditions
change. For example, at start-up when glass first enters the tunnel, the introduction of cold
containers may cause the tunnel temperature to drop. The severity of the drop is dependent
on the response characteristics of the control system. Airflow should be regulated and
relatively constant so not to impact temperature.

FEREIE T, i I i) P A% 3285 T P AN 0 8 hit BEFE T o B PRI 52 2R il B2 L 2 AL M 3
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TSR H TR 52 (40D, 2 Bl BEIE I SOHa BIPAAERY , 245 BIPA w4 L A — M R E
HPRAS, (HE P R BB BE AT AR AR A . ldn, ALK B, Bemsas OGRS, it
ANHI AR T BB LN B R B )™ SR B R T2 AR G i BRI o A5 R N 52
PERDIE HANXHEE ,  IXFE AN S i 2 o

The relationship between the washing speed, drying/heating/cooling zone belt speed, and the
filling speed should be established. The conveyor belt should be loaded in a uniform manner
to provide reproducible thermal conditions within the heating zones. Irregular gaps in the
components will produce non-standard but typically more effective thermal conditions. These
situations may occur in production operation and are of no consequence; however they
should be avoided during qualification studies. The process must provide components from
the cooling zone into the aseptic area at a suitable temperature for filling.

IV NI DRI « RN A EN DX AR I A T AN ERH S < AR OC AR o ARAR AT L LA GE— 7
AR, DAL DA XSk g 30y 22 2 A B T B 4820 ) 0 A R ) RS 7 A2 AR AR
A SR ) AT R ) 2 4 E . B DU AT BEAE AL P R R T R, R HAS ™ EAR
Ja s AR, XL DLV AR AT e R . 1% 2 B8 ST A VA E X HE N TG B
DX, O DA o i B A T

Loads should be introduced into the heating zone in a manner representative of actual
manufacturing conditions. Thermometric conditions should be determined when the load
enters and exits the hot zone.

B IEN NP7 S AR S B A 7 5 A o TLEE S AR 233000 AR I I X gk 4
VNS

The largest load mass/unit area may be validated as representative of the range of items to
be qualified. Selection of the worst-case challenge(s) is conducted using scientific rationale
and/ or determined through heat penetration or challenge studies (39).

R R TR AR AT AR R AR i A ot FOVE FRLEA T 0 o B e 2o Pl 2 1 7 ZEAR S e
7 R B EOR g oy A 3 R R U i (39D

For dry-heat tunnels, the worst case load for each temperature setting must be determined by
calculating the throughput of items (expressed in mass/time), considering belt speed/item
passage time and the number and weight of items being processed in a unit of time (tunnel
capacity). The belt speed should be set to ensure that the dwell time within the hot zone
provides the required biological inactivation or endotoxin reduction.

X HABRIE, BERPBOE IR EE T R 220y AU UE R TS A (LSRN R ERIE ) i
SE 5 I BT RE AR IR AN S /) it AL P ) DA K A IS T P B A PR K G B AT R (R
RED o Iy T8RS TR0 A Z5UF CRAE N A DX 1) 5 B B[] R S BB A ) R BN 2 35 PR IR K
In summary, selection of a "worst case" load simplifies the validation approach to tunnel

depyrogenation by running studies under conditions which produce a "worst case" challenge
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seen in production for the following three categories: belt speed, mass per unit area and rate
of mass loading. The steps can be summarized as follows:
B, PR R ZE AL T B R AR T v, i 7 A X U =2 A
A RER AL I 2 A AT PR RIEAT W ORI ALK L A7 AR ) B M i e o 5 . A
BRMER LT
* Select the container that produces the maximum mass per unit area

M A e K A T AR R fY) 2
+ Set the belt speed to the maximum for any container

MEPEATAT 205 (1 B KALIRANT
* Load the tunnel at the maximum rate

DU R 8 e i P i
6.4.2 Loaded Tunnel Temperature Distribution 3% %F%E FNEE 24
Loaded tunnel temperature distribution studies assess the impact of the load on the ability of
the hot zone to maintain temperature uniformity and may be conducted concurrently with the
heat penetration development studies.
CL B P PR 2 AT I VA T 2By 2O IR R B 2 — PR sy, ] L TS B i t
TG [F] I REAT
For measurements of loaded temperature distribution, the temperature sensors may be
attached to the load near the probed containers, so that the sensing portion is sufficiently
above the container to allow free flow of air around the sensor. The sensing element should
not touch the containers. These temperature sensors can be used to measure the
temperature uniformity across the width and length of the load during traverse of the pack
through the hot zone. Any cool areas found across the belt width during the empty chamber
studies should be taken into account during placement of the temperature sensors on the
load.
X TSR B B S AT AN, ek PR S PR B S I e PR 5 s R e b, DU TR 7>
T s 7, ATERESREE A S B IR A . SRR IHARE B A s A . AR
REINFADCINT, XL PR S m] 12 2 ) v R B2 PR 9 el A FH T I i 08— 1 o A s 23t
RILHIALIE N T8 B ROV i, AR BB R K N R 5 B )
Temperature sensor locations should be documented. During performance of the temperature
distribution qualification runs, operating parameters should be confirmed and documented.
The tunnel should be operated at nominal set points for belt speed and hot zone set point
temperature. Steady state or equilibration time should be defined. Operating parameters to be
confirmed may include:
TR B B A SO E ¢ o AEBHATIBE 0 A A, BT S ENBATHIA R Id % . BEIE Y
TERR 7S AT 326 7t 8 BRI AR IX BB i BE F #R A o AR IR BT I R A 5E SCo il i) 44
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ZHT R
* Minimum and maximum temperature measured at each probe position

RN B AT R R A A i ey i
« Variation in the temperature between probes

ANTRIER K ] 3 7
» Difference between the probes and set point temperature

PREK DN A5 2 5 ¥ Tk i 1) B 2=
6.4.3 Loaded Tunnel Heat Penetration Studies T3 FERIPFETR
Heat penetration studies verify that the worst case load under worst case operating conditions
(increased belt speed and lower set point temperature) reaches and maintains
depyrogenation temperatures. Endotoxin challenge studies can be conducted concurrently
with the loaded heat penetration studies. During these studies, the El glassware and the
glassware used for temperature sensors should be separate items, i.e., do not use treated
with endotoxin glassware for the temperature sensors, Studies should be performed in
triplicate.
B UESEAE SR ZE R 5 AT CRE v AR IR Al AN AR A BOE IR B e 22885 3(
REMG I B Y r AR IR . B3Pt il DAL e o 3 i ) IN kAT . AEEA T IR Y
W, AT EIK B A s 5 B I B RS B AR LU, BN BEEIR A W B R B A
ar PBCE M BRI Y EE A T I
When preparing glass loads, residual water left by the normal washing process should be
replicated, if present, by the addition of representative amounts of water in the items
containing sensors. Line set up should ensure that the load is received into the hot zone as
dry as possible.
FEMERS B BN, WRIEFIR Ve R b & A K, RS I 7 ST 2Rk 4 o
AN K o N R A7 42 IV 3 DRAIE AR A3 E N it DX IR T BE AT 458
A sufficient number of probes should be used to provide an adequate profile of the
temperature penetration in the load. Probes should be placed in contact with the interior of
individual items. Load probe placement should take into account any cool areas found in the
temperature distribution studies. Diagrams detailing specific temperature sensor locations
should be provided. See Figure 6.4.3-1 for an example of a load profile in a continuous tunnel.
During performance of the loaded heat penetration studies, operating parameters should be
documented.
VAT A Bt PR SR ] T A5 2 1 LA e 3y SCRIR BE Rk o PR 42 i 5 4 PN SR T
B B IR SR IICE A BN 2 R A R T R ATV e AR s B B AR R &
AN ER SRR E AL B o FELERRTE R BRI (a1 WL K16.4.3-1. AEREAT R A @I I, Nl
KBTS
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Figure 6.4.3-1 Glass Vial Load Heat Penetration Profile - Continuous Convection Oven
Kl 6.4.3-1 BIVIMIMA G @R —— B XA
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* The vial glass was probed with thermocouples inside glass vials so that the tip was
positioned at the junction of the side wall and bottom. Probed vials were positioned equal
distance across the load at the front, middle, and end of the load. Viewing the figure from left
to right, the three temperature profiles represent the heating curves of the front, middle and
end of the load as it enters and leaves the heating space.
* X T RO VG, PR BCE TN, AR TR A TR R AR AT B R IREE
VUM A B SCE AR B AT . P R WA B, = R AR B
BEANFTE TN T AT s e RNt 2k
The following are examples of typical qualification acceptance criteria:
PR 2 S0 FR A T 2 52 AR A R 451
* Fy-values: Calculation of an F-value at each probe location may be a useful tool to help in
assessing process comparability, evaluating process repeatability, or location of cool areas.
Note: There is no minimum Fy-value acceptance criterion for depyrogenation. Endotoxin
inactivation efficacies cannot be accurately correlated with standard dry-heat lethality
conventions (Fy) which rely upon a linear destruction model (30,41,42).

Fuftl: THEARENRAL B R FERAT B TP L2 T b, PPN L2, sl v SO .
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TRl T LR T 20005 ol NPl T bl . N33 38 KIS AT RUEANBE S AR T 0K T
H(Fy) ENDRHARIRIROC R, Fud s TEMR KBIYR (30, 41, 42)
* Minimum and maximum temperatures achieved.
REAE 12 21 (1 B AR o i S
* Variation in the temperature between probes.
ANRIER K 2 8] e 22 5
* Minimum dwell time achieved above a defined temperature.
e T S i PR B /N B B I W)
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7.0 Performance Qualification RN

Performance qualification is the process of obtaining and documenting evidence that the
equipment, as installed, consistently operates in accordance with predetermined criteria.
Physical qualification and endotoxin qualification studies are performed to ensure the
depyrogenation/sterilization process as developed is reproducible.

PERERA AN 2 A T 5 S T AR HEIZ AT I e 4 BEAT B ZR UM P Tl R AF UEH O . 0E
AT AN A 7 R AT ST LA AT A R BB 5t K e el R ] SR

7.1 Physical Qualification #7E#IA

Physical qualification verifies temperature profiles within the oven or tunnel and to ensure that
treated items within reach the required sterilization/depyrogenation temperature for the
specified time period.

P ARV UE ST bR A P TE B P9 AR B 7 AT PR, DU R P A5 AR B AR 400 it £ E )
IS T P i 81 22K 1R Kl TR PRI FE

The reproducibility of temperature profiles developed in process development is confirmed by
performing temperature distribution and heat penetration qualification with worst case loads.
Calibrated temperature probes should be placed in the coolest locations established during
process development temperature distribution and heat penetration studies. Confirm during
heat penetration qualification that items exiting the tunnel to the filling suite are cooled to a
product-safe temperature.

2T A T L i P B I D T8 T e 7 e B AR A A A I A I REAT A A . RS
I PR SR B BT 1 2 R 23 A ARG I A 50 i (R B ik o ARG IE AT, T4
T B K B ) il B BB T 1 B T A B HERE T AN, BEAS V& J BN 7™ it 22 4 )i 5

7.2 Biological Qualification YA

Biological qualification is a component of performance qualification that demonstrates by use
of endotoxin or Bis, that the required endotoxin inactivation or lethality is achieved
consistently through-out the load. Indicators should be placed in numerous locations in the
load, including the most difficult to depyrogenate or sterilize locations.
DN NERER AR — & 23, AR N R R B R S AR BRI B K
JIREFFERIL B EER o R~ N AL R A BNy, AR B PR R B8 R e 22 AV Ao
For dry-heat depyrogenation, validation data should demonstrate that the process
consistently reduces endotoxin by 3 logs. The validation is performed by inoculating articles to
be treated with a minimum of 1,000 International Units (IU) of endotoxin per article. The
inoculated articles are then tested for endotoxin using the Limulus Amebocyte Lysate (LAL)
test or equivalent BET to demonstrate that the endotoxin has been reduced by at least 3 logs
from the original concentration after treatment in the dry-heat depyrogenation process

(11,16,17). Where depyrogenation has been satisfactorily demonstrated, sterilization is
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assured due to the lower resistance of microorganisms to dry-heat as compared to bacterial
endotoxin.
X HABR A, BEREE Y BEUE W] 12 T 2 REFF SEIRIE N BE 3% 3 Mog B . Wi R # A
JE AT, BRI 22/ 1000 Fe FuA7 (1) A #E s BEA T AR B . $A0 S ) i 2 i A A 17 B
ERNBETHEATE, DLUEWI 2 TRABRIR T 2A0B S, A7 A S B R [ 7 30 8l

(11,16, 17) o WERHJFHCRTIEW AR, PIEAAKT T T REHRGT A an s N B3, K
TR ORI 58 42 AT K S A PR IE R o
For dry-heat sterilization, the validation data should demonstrate that the process consistently
delivers a microbial survivor probability for the challenge organism of not less than 10°. The
number of Bis and number of processes required for performance qualification (PQ) should be
specified and sufficient to cover the expected range of conditions in the load during routine
processing, including any cold spots identified (30). The placement of Bis in a PQ load is
determined based on data generated during process development. Each heat penetration
probe should be placed in the load adjacent to a Bl location.
ST TR R, B0 B AIE B 12 T 20 AR il B bR AR T 10O E ik A7 . 1
RERGIN (PQ) FP 2L s 7 B IR 3 (R AT B WA, 50 A2 98 Ml 8 i 115 K T P 5
Rl YR, I HELAFERATATZ 25 107 /L (30D o PQARE A7 77 B JECE A 0
TILZIFR BT R E o BTGB IR N ICE AL AT BIHIA &
7.2.1 Biological Indicator Testing 43711
The manufacturer should provide directions for use, including the medium and conditions to
be used for the recovery of microorganisms after exposure to the sterilization process (2).
Good aseptic technique should be used when testing Bis to prevent inadvertent
contamination due to handling. If a positive Bl occurs, an investigation should be performed to
determine if the result was due to failed Bl or post exposure contamination.
)R NI AU T, R TR B R T KR 2R RN E R TR (2)
FEMABISIY, T RH R AF G IR BE AR, LB 1F d T4 e s A5 G o A7 BIHE BLRH P 45
R, BEE AR B ) 80E & 2 5 5 R T g
If a suspension is used for direct or carrier inoculation, the following are some points to
consider:
AT T H R AR I, VR LR LA
* Determine the spore population, confirm purity, and identity of the BI.

ME 2 2 KBI%E .
» Stock suspension should be predominantly spores in a non-nutritive liquid.
fifi 2 TREB N 2 B T8 IR P i 91

» Determine the D-value. This is done on the item being sterilized if the Bl is inoculated onto

the item.
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* Preparation of the Bl needs to be carefully controlled for purity protecting the D-value,
protecting the count, etc.

BIH 2 I i /O A AU L AR DAE . DR i 55
* Determine worst case inoculation site on the item to be inoculated based on slowest to heat
location

ey R 2R, — O T 18 T
7.2.2 Endotoxin Indicator Testing R&ERIERFIIR
The inoculation of endotoxin onto clean bottles/vials and other materials to be depyrogenated
and the subsequent recovery of endotoxin spike from treated components is the widely
accepted method of demonstrating overkill (3-log reduction of endotoxin by a given
depyrogenation process). The stages of such testing via dry-heat depyrogenation process
are:
W BE R ANE T B SRR R AR TP, 5 D0 IAE T K B AL PR 7y TP i N B 2R A I
W O 2 A B IE IR R K (8 BRI T2 N B3R N 3N ogfE) 1—Hh 7
o R HERAASFE T20— 2l B F
* Preparation and inoculation/endotoxin spike application and controls

T 28 AN P 7 2R DA A1t RS
« Dry-heat treatment process

AP T2
* Recovery

EliEs
» Endotoxin log reduction calculation

B N FFlog M5
Actual items, or a representative coupon of the surface type to be depyrogenated, are often
used in these studies, since heat resistance and effectiveness of the depyrogenation process
may be influenced by the type of carrier used. Adsorption of the endotoxin spike to the carrier
surface is the biggest obstacle affecting recovery. Studies using flint glass, borosilicate glass,
polystyrene and polypropylene have demonstrated variability in the adsorption of endotoxin
based on the container surface (43). Commercially available Els or endotoxin challenge vials
may be used in place of actual production items or representative coupons, provided that it is
demonstrated that they present an equivalent or worst-case challenge to the depyrogenation
process.
H LR A5 S e FARER IR (2R T SR AL B 1y F T IR ST, A DR A T A R ok A it
TR RN 252 P ARSI S0 o A T30S T 1) A 75 3R A WBOBORS B KA S i [l i
AR BT BOE . B R LIG-SRNIG T IR E R R W], N R IR
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SPRIHAS LA R A LA (43) o B MEAL BN A 75 28 Pl vl DL S e il 2l
HACGRERIRE PSR UE 3 1R Y B A i T 2 ) 4% ) i e 2 A DL ) 1k ik o
Preliminary studies with the selected endotoxin indicator, the inoculation, drying and recovery
methodology should be conducted prior to performing depyrogenation validation studies.
KT W3 1B RIS, Hefhy TR ZR 7 05 N AE AT TR AR ST iy
AT o
7.3 Process Equivalency T &4t
It may be possible to establish the equivalence of two or more dry-heat batch processes
(chambers) or continuous processes (tunnels) that are of similar design (including utilities
being supplied). A robust risk analysis process is recommended to make this determination.
Analysis includes, but is not limited to, a design and engineering evaluation. Some factors to
consider include:
WV AR 2R DA B AR (RN RS T Rttab T2 AR sl 2k
L2 (BBIE) SRR AEVE Z BT ATHAT 7870 RS 70 B o 20 T B H AR T, Bt
MRS, . DU RS
» Chamber or tunnel size and configuration

BERE BB TE R RO M4y
* Airflow dynamics

BB
» Temperature come-up and uniformity

THEA— M
» Conveyor speed

Ak L
» Temperature equilibration time

U VAT I 1)
* Materials of construction

Ry )5
Regulatory approval may be required to support a reduction in qualification testing. Initially, all
processes must be qualified and meet operating parameter acceptance criteria in order to
demonstrate equivalency.
Pl D NI IU AT RE T SV . B SG, Prf L2, IS ir S8 52 by
e, DAEWIAERE
Operational equivalence can be established by an analysis of all the process data associated
with a validated process in the new equipment. Chamber and load profiles should be
compared using the same critical process parameters. The specifications, acceptance criteria,

and load configuration should be the same as those used in the established sterilization

56



validation process of the existing equipment. Comparable criteria to be demonstrated should
include parameters such as:
A LA R0 5 v ek b SR L 23R T L B AT 70 B e S is AT 55 3 . IR T3,
PV NR AR IR K OCHE T 2 BB AT A b o U ARTE . T2 bRt MR8 7 2NN AN i T
N TR A SRR TC B 2 AT — 2 ik B XS EEbr e RG24
* Load configurations
» Temperature distribution

WL A
 Heat penetration, F value range

WEid, FEIEH
* Bl or El inactivation

BISREIK i
* Heat-up and cool-down times of the product/item

7 i) it R TR AN ¥ 1 I T
A more detailed discussion on process equivalency can be found in ANSI/AAMI/ISO20857,
Sterilization of health care products—Dry heat—Requirements for the development,
validation and routing control of a sterilization process for medical devices (30).
2R T EEME TGS IR, 2 WANSIUAAMIISO20857 77 KA e/ i K i —— 1 H——
BT as =i KL FETF R Fil i i 7509256 (300
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8.0 Ongoing Process Control & T2 ¥
Ongoing control and monitoring of the process is conducted on a continuous basis after
completion of performance qualification and release of the equipment for use. Important
elements of the ongoing control program include review of critical operating parameters for
routine release, evaluation of changes, periodic revalidation of equipment, an effective
preventative maintenance program to include filter integrity testing, instrument calibration,
inspection of component wear (i.e., belts), and periodic revalidation of the process as
necessary to confirm effectiveness.
TESE T PERERIAN NI A AT AT 2 5, 200 H R M S AR 4 AT . H B il i)
WERASE: T HEBAT RS T S8 e, AE PPN W SN IE . AR IES
SEREMEDNR . BT . SR AE IR R A (RO A ) 78 N A RO P e R e LU T2
E SRR, IXUEXS T R E AR & L
8.1 Routine Release H¥BAT
Procedures for ongoing monitoring of routine operational processes should be developed,
performed and documented to ensure product sterility and ongoing state of control. Critical
and key parameters should be documented, reviewed, and maintained for each process. All
critical parameters must be met for load release. Key parameters not met should be
investigated and load disposition determined following investigation results. The following
operating parameters should be monitored.
H AR P SR SE AR AR PP N 2 T A AT IR ST s, AR ™ i G T B R 2R A 1Y
o RERD TR RN RS HOVA Sl BATHRAIRAE . Fr RES BT &
PEROBATI SR . BESIA S DAEHATIE, hed b2l e 7RSI A 4 R .
PUR SCHtis AT 2 50 -
Oven
yo¥ic]
* Time at temperature (such as minimum heat-up time, minimum exposure or dwell time, and
minimum cool-down time)

Qb T2t BE PRI IR] (e dse 2D AR R] L o 2D 3 i DR B I T L e D74 ST DD
» Temperature set-point

Tk SV A
« Differential pressure as applicable (e.g., between double door batch oven and a room)
AR ZE, WE G Clns U TR BRAR RS )2 8]
Tunnel
3
» Temperature

i 5
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 Conveyor belt speed
(et
« Differential exposure pressure (between tunnel and clean room/cold zone/tunnel room)
g 7 (BRIE 55278 rUBEIE % 2 A)D
Additionally, compendial sterility or Bl testing may be required to support product release
T3Ah, AT T 2 TR T A 56 BB I R SRR R R T
8.2 Preventive Maintenance T4+
A good preventive maintenance program should be established and documented to assure
that ovens and tunnels remain mechanically sound and capable of continuously meeting
process requirements. Vendor recommendations should be taken into consideration when
writing a preventive maintenance program. The example checklist below has been developed
to provide points to consider when establishing a preventive maintenance program.
IS FENT [ (9 TSI P i R P . N A SO, DB BRI AR R 1 B8 1 1 I8 e I e 0
Bepr e T AR I Mk AP R e I Y 2% R N i A e DA 2 S TR PR 4R 4P R
IS I 2% FE PR 7 A9 125 T3
Check the oven/ tunnel blowers for excessive vibration
A AR/ BEE B8 KL A5 s K
Visually inspect and test all critical filters
H ARG 7 -0 U A7 S s D s
Lubricate motors
EREgaILiIN
Visually inspect the conveyer and belts for unusual wear (tunnel)
H RS A% IR R R A I S B it (i)
Inspect the motors of the conveyor, recirculation fan, fresh air fan, and exhaust air for unusual
wear
KB ALIL R AN HL PRI R B XX AIHE AT 6 7
Inspect the cooling water system control valves
R v HIK R Ge il 1)
Inspect pneumatic lines for leaks, cracking or moisture
Ko 5 sh s G o it . REUZ )
Define replacement frequency of HEPA or ULPA filters
e HEPABLULP AT 5 45 & 11
Inspect door seals
R s
Inspect tubing of the differential pressure transducers

R I ZE A5 AR I
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Check and inspect the tunnel and oven screens for debris and broken glass that may impact
equipment operation
T B AT AT D ek 9 I 15 7 ST B 2 384T B M B0
8.3 Change Control / Revalidation A% 5 # /5L
In order to maintain the state of control of a depyrogenation/sterilization process, a change
control program should be in place. This program should document any changes to the
depyrogenation/sterilization equipment or process as well as any changes made to a
product/item to be depyrogenated/sterilized. The change control program should include
documentation of any testing required to ensure the validated state of control.
N T ARFFBR AR R B3 RS, D2 W A SR IR o 2R I E LSO I s K
PRI/ AR e B il T 2T AR B, DA R A R TG R i/ )t AT A AR B o A8 S 42
P27 B A FEAT AR AT LARS Ak T 32 P20 AR IR AR FR K S A
Equipment or process changes should be evaluated to determine potential effects of those
changes and should demonstrate that the modified equipment or process performs as
intended and continues to meet the established acceptance criteria. Similarly, any changes
made to a product /item to be depyrogenated/sterilized should be reviewed to identify the
potential impact that the change has on the existing validation. Consideration should be given
to the worst case product/item that was selected for use in validation testing, as well as any
impact to the thermal conductivity of the product/item. The assessment of equipment, process,
and product/item changes should determine if revalidation is required.
g BT A S EA T VAL DA X S AR SR AE S, HLEEUE W] UGt R T 2N RE R
TEAT, JFREFFEERTS CEEAL I PRS2 hn vt o ZRADIHE, 455 B AR K TRT 1R 7 b /40 it (R AT AT AR B
JNHEAT [ A At 0 AT S IR ZS (R 520 o WY 2% & 50 UF W X rf e b A FH 00 7= b 40 i e 2 1
B, BLEONT ) i AL P E AR e o SRR T2, P2 A ST, SRkifE
e it EE YL .
Change control requests should identify documents that may be affected by the change and
should include:
A BRI SR (e YUl H 32 A8 S SE m FR SCA, A4
* A description of the proposed change

St AR B A
» A documented reason/rationale for the proposed change

S AR B 5 T Dt AL P e
* A description of the tests needed to revalidate the process after the change is made; or a
technical rationale supporting that the change has no impact on the sterilization process
efficacy (minor change)

ARG, T2 AHRAE T ST IR, A BORPE P R SR AR S0 o L 25K
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JIEAT R (AR
» Supporting documentation for tests performed, interpretation of results and conclusions
BEAT DGR A SCRE SO SRR 4518
 Confirmation that documents affected have been updated
BN S (1R SO EL TR
* Approval of the change control package by the Quality Unit
JT R |1 b AR T A o]
8.4 Periodic Requalification of Equipment &4 RIHEERIA
Equipment should be requalified on a routine schedule to ensure there has not been an
undetected change. Requalification should be performed and documented using qualified
operational parameters and acceptance criteria. Results of the requalification should
demonstrate that the equipment's performance has not changed from its qualified state.
VLA N E WIHEAT PR DA AR CR VA B AL AR BE o R Ul B BRAE S BONT AT 4 32 b
BEAT RN, O SORIE . PRI S5 R BEUE B B o M RER A 2R A A A 22 LA RS
The worst case load configuration in depyrogenation/sterilization processes should be
included in requalification runs. Requalification could also include an empty chamber run to
assess temperature distribution.
B PG T T2 B ZE R B DU N AR AE BN IS AT o P A LA 2R B AT DAV Al L 7
AL
Requalification should also include review of change control documentation, deviations,
preventative maintenance records and routine process data. Refer to Section 8.3 for
information regarding change control. Software, set points and control system operation
should also be reviewed during the requalification to assure that no unexpected changes have
occurred.
FER N B X AR BRSO L wZE . T P 4P il A H W T 28 f . 27683 %1y
ARA TR R EHEmIAT, B BOE s SR GRS, DL R e =
AMAR R A
8.5 Parametric Release S¥i4T
Parametric release is a sterility release program for product based on effective control,
monitoring and documentation of a validated sterile-product manufacturing process where
sterility release is based on demonstrated achievement of critical operational parameters and
performance attributes in lieu of end -product sterility testing (38).
ZHOFAT R — T REAT R, 2 DL IR TG B i il 4 2 A8l s sofr
WSRO FERL Y, PR BAT 25T CUEWAR) T SR E S oML R IR PR, AURF T 27
Lt (38)
The elements of a parametric release program build on a foundation of the entire quality
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system including: change control, training, written procedures, planned preventative
maintenance, failure mode/risk analysis, prevention of human error, validation, calibration,
and product release requirements.
ZHOATREP IS R B e EA R b, A5G AEEGL Bl BEEF. i
PEFUSTPELE S RO U I Ay TR N 2248 L B0 e RHAE A iisAT # K
Parametric release can only be applied to products terminally sterilized in their final containers
or packaging (44,45). Regional regulatory approval is needed prior to the use of parametric
release (46). Once a product is approved for parametric release, it cannot be released based
on a sterility test.
ZHOBAT HIE T T AR A A a0 e KR 7 i (44, 45) o il S M s 1 ] B VE vl A4 T
DI ZH084T (46) o —H ™ & HHER IS H08AT, WA REFEAE JC BRI 45 R TBAT -
The following are considerations for a parametric release program to reduce the risk of
producing and releasing non-sterile product. For additional detail on parametric release
principles that may also be applied to dry-heat sterilization, see PDA Technical Report No. 30:
DU &0 1 B AR A AT T 1R T B ™ it B XU T HEA T R S 08U T R e T B B ) — 2805 T . AR
ZHOBAT I I 75 T 5E 22 4t a DU PR, 25 ILPDASE 305 BRI .
* Quality risk management that includes well-justified risk assessments to identify risks and
take corrective and preventative measures to reduce and control those risks to an acceptable
level (39).

Joce ARG B 5 R D A DT 18 DU TP Aty L3 RS, SR EDCEM L R TS0 i It 2 B R R 42 o
S R KK (39) o
* Personnel with competency in engineering and microbiology specifically trained in
sterilization practices and sterility assurance should provide oversight in the validation and
ongoing quality control of the sterile manufacturing process (38,45).

N SN BAT TR A AT 7, HAE KR AN T ORI 7 T el R R I, REAE JC 1
e L2 BRI Tl h SR At B (38, 45)
» Package integrity data should include validated container closure testing after exposure to
worst-case sterilization processing to ensure that the sterilized product maintains its sterility
over the shelf life of the product (38,46).

0,2 e R A I (A 2 T B 2 A PR KR R (A i PR, DB ORAE P i A7 0T N T LA
TRFFICHIRA (38, 46)
* Bioburden control of the pre-sterilization bioburden through a properly designed
manufacturing facility and processes and an established bioburden monitoring program (38).

A I A7 AT R4 0 e A Vv PR A 7 O T 2 M ST A A7 MR R S (38D
» The system of handling products must ensure that non-sterile products are segregated from
sterilized product (38,45).
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A BE i ) 2R GE A 250 DR BE A I JC e K B i 70 2 (38, 45)
* The sterilization system including the sterilizer, monitoring and control instruments and
supporting utilities are designed and calibrated to monitor and control the critical operational
parameters and performance attributes (38).

KRG IE K g WA BT SCRFSEE 2e BEVE NACHE R, B DA 2 S0 B e A1
ZHANVEREIRIE (38) .
* Biological indicators are well characterized and appropriately selected to provide a worst
case challenge to process (38).

AR RN 780 B e T IEMRIE RS, 20 T 2Rz &Pk (38) .
» The physical parameters of the sterilization process must be defined, reproducible and
measurable and should be recorded (44,45).

K LIPS E 8 O . Al IR Af I ), DR Tidk (44, 45) .
* For heat labile products, the product specific approach may be used. When using this
approach, bioburden should be well characterized.

X PRANEEE W7 it AR IU™ i RE S VL, AT XM OVERE, AR e I N AR E
* Process development which includes load definition, load pattern and determination of
operational parameters should ensure that the required physical and biological lethality are
delivered to the product resulting in the achievement of less than or equal to 10°® PNSU (38).

EFRH) e X BT AR ESHO 2 A NI 20T R N R BT il ) BRI A= ) S 2 68

PR, IFRIFPNSUAME Tl T10°M AR (38)
* Equipment qualification and process validation should be performed (38).

N AT R AR T 2500 (38) .
» Ongoing process monitoring and control should ensure the validated state of the sterilization
process including load release procedures and criteria, requalification and revalidation
requirements, preventative maintenance and change control programs (38).

I S M O R ) A DR K R R A TSRS, 04 e B R TBAT R bR e . FRAfA
MR K L T PEES F1AZ S HIRE S (38) o
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