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BRIEFING (¥ &58)

(1228.1) Dry Heat Depyrogenation.

Parenteral products not only need to be sterile, but also free from harmful levels of pyrogens, or
fever-causing agents. For an overview of depyrogenation, see general information
chapter Depyrogenation { 1228 ) . Of the several modes of depyrogenation, dry heat is employed
for the depyrogenation of heat stable materials. Dry heat depyrogenation is a temperature- and
time-dependent process. Depyrogenation using dry heat can be accomplished in a batch oven
mode or in a continuous process using a tunnel system. Depyrogenation in ovens is typically

performed at temperatures in excess of 170°. Tunnels for depyrogenation ordinarily operate at

higher temperatures. This new chapter proposal ¢ 1228.1} provides an overview of the process,
routine process control, and its validation.
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1. INTRODUCTION (EU®Ii2)

Dry heat is the method most frequently used for the depyrogenation of heat stable materials. Dry
heat depyrogenation is dependent upon two parameters: time and temperature. As a result, dry
heat depyrogenation processes can be easily monitored/controlled and are highly reproducible.
Depyrogenation processes typically operate at a range of temperatures from approximately 170

® up to about 400°.

FEEME, BUSRERE OB A 225 L T bBEBICHN N HIETH D, HEIZ LD 1M 1
X, 2200/ F A —=% FTbb, FFELIREIKFL TS, ZORFRE LT, BRI XD A
BOTaEAE, T=F—LHEFIENAETH D DomWEBMEE R > T D, Bioif e - T
7t A, —BIICKT 170°C 25 K9 400°C DR EEdiH TR S 1TV 5,

The pyrogenic agents that are of greatest concern in healthcare are bacterial endotoxins, found in
the outer cell walls of Gram-negative bacteria. The inactivation of bacterial endotoxins
(depyrogenation) by dry heat has been studied extensively and has been shown to follow first
order kinetics. The well-defined kinetics of inactivation makes it possible to predict the efficacy
of dry heat processes operating at different times and temperatures.

NANVTTIZBW TR O REZBEODN BT TV D HEIEDO—D>TH DD JRIKNYE (pyrogenic agents)
X, N7 T UT )L« =2 K hFE 2 (bacterial endotoxins ; fiEHENZEE) TH VY . ZOWEILT T LfalE
HUEE O SMUDHIIEE (outer cell walls) TFHZRH SN D, BB LDE A7 T U T = R hXT 0 OR
15 b (B %4 = ; depyrogenation) 1. JAFIFHIZ DOz - THSESNTEY . —IRIs (first order kinetics) (2
WD ZEMFEH SN TV D, WARRICHUE SNV OSSR ERR T, BREOREH &R CIEfii S 2 w7
v ADFNE (efficacy) D FHIZA[HEE T 5,

It is important to consider that the range of temperatures used for dry heat depyrogenation
overlaps the upper range of temperatures used for dry heat sterilization (see general chapter Dry
Heat Sterilization{ 1229.8 ). However, the temperatures most commonly used for inactivation
of endotoxins are considerably higher than those used for sterilization. This is because bacterial
endotoxins are more resistant to the effects of dry heat than are even the most heat-resistant
bacterial spores. Therefore, dry heat processes that deliver a combination of temperature and
exposure time sufficient for achieving typical endotoxin inactivation targets can also be counted
upon to reliably sterilize materials. This chapter provides an overview of the process of dry heat
depyrogenation, its control, and validation.
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LB KX DA e\ 3 2 IR EEEPA DS, 20k (B35 157 Dry Heat Sterilization <1229.8> %
ZH) (AT HEED EHOFHE A —N"—F v T LTI REEETHENEETHD, Lh
LIRS, = F v ORNFITEN T 25 b —RANTIRE T, WEICENT 5 X0 a0
RELR-STWD, ZHUL, &HEETIEDO &S D MEFROMEMEL Y X7 7V T - = R %
VUDMBMER B o L RENWZ EIZL o TWND, Tz, REWR= R R URNEOFZ—5
v b GRE ERE T N hRoy) ZIERT D700 7iRE L gGgREHOM AT % 5 2 5 HEL
Tak AL, EOWMEREICIRET D L AT EAHRD, 20 chapter 1%, HZEADL A v
ZOEH, BXON)F—varorovw 20lEl a8 0TH 5,

2. TECHNOLOGIES USED FOR DEPYROGENATION BY DRY HEAT (#72\z X A S
A 2\ ZfE T 5 Hf)

Although all dry heat depyrogenation processes rely strictly on time of exposure and temperature
to assure effectiveness, the equipment used typically falls into two distinct categories: the dry
heat “batch” oven and continuous tunnel systems. Batch ovens are used for the depyrogenation of
not only product containers, most often glass, but also other heat stable product contact parts or
laboratory equipment. Continuous tunnels, on the other hand, are used primarily to depyrogenate
glass product containers.

ETOPAA BOT B RE, ZOFMELRFET 572012, R & £ OUREERF I RE ITIKTFT 5
LOTHLN, HEHI DML, RN 2 SORFRICR R D 0T TV —I231T 22 ERHKD, -
—Ok, HED Ny FHX” OA—7 > (dryheat “batch” oven) TH V., & 9 —>i%, Hfel h o xL -
L A7 I (continuous tunnel systems) Td 5, /N FROA—7 1%, WEORE (ZDOFRENHT 7 AHl)
DR SA v DI7 6T BT E R R EAT & & 2 WITEREOREDOH A niZ bS5,
—J5, RO R rrviE, FELTH T AROBEBROB A 22D, HESN TN,

2.1 BatchOvens RNyFRKA—T)

Circulating heated air is used to heat the load items, which may be individually covered or
wrapped in a material that is unaffected by the temperature used, or placed in a lidded container
to protect them during pre- and post-process handling. When depyrogenation and sterilization are
to be achieved in the same process, air supplied to the oven is passed through one or more high
efficiency particulate air (HEPA) filter(s) to maintain sterility within the oven after completion of
the dwell period. These forced air ovens typically operate at a positive air pressure differential
relative to the surrounding room and the heated air is often recirculated through a battery of
heaters and the HEPA filter(s) to improve thermal efficiency. This design results in particulate air
quality that can meet ISO 5 requirements to reduce particulate matter and microbial
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contamination risk throughout processing.

R Ny FRA—T ) B— FLIEME A INET 572 D12i%, TR 2 IEVER A2+ 2, v—
RL7e®inid, iAo v - et 2R ORI T COREDT-DIZ, HHT HIRE TEELZIT R0
MEDOS O TEAIZ A N— BT D0 D WVIEHEMEFEHFPICEIND, BisA v EEER T
TuatvATENRLLD ETHHEF, B A v BHELEL TR (dwell period) D58 TH DA —7 N
WEMEARFFT 27201, AA—7 Iaitfa3 22250, —DLLED HEPA 7 ¢ /L4 — (high efficiency
particulate air (HEPA) filter(s)) Z il S5, L6 O ZEGIGERD A —7 2 (forced air ovens) 1, &
AUDERE SV TV AIREIZH L CEEAZBBEIC U GEIE S Fu, IRV 72 E50E, 22855457
WIZ, LIZLIE, B —# =D/ 7 U — (battery of heaters : /L ; b —% —%EAIHT, 0Ll L= D)
B LU CHERIND, ZOXIREREFHI LY | EXIEEE I1ISO5 7 7 ADZELMEERIZAR S
52 ENHRT, ZAUTR VB ANA 1 - T e AR OMRL A EIAEMIERO ) A7 2D SELH 2 L
DHKD,

Process control mandates that the oven's control probe(s) attain and remain at the set-point
temperature for a predefined time period before cooling. The limited heat transfer capacity of air
requires that items in the oven be placed in fixed locations confirmed acceptable during the cycle
development/validation effort. Caution should be exercised in defining variable load patterns as
minimum load sizes may result in inadvertent slower heating of the load and greater temperature
variability.

T AEHTIE, FOF—TORIEAT e —7 kb sviaER) 28, GRE A — T U EWE
EE) BREREICERESE, 2OBHNME DRTE TOTORESNZKHOE I OM%Z, &ZEiRE
WZRFFT D Z EBAMED S O (mandate) & 725, ZEXROBYREREINIRE S NG DRDOT, A—7
HFIZEWZ DS, EORASA YA 7 VO3, N T —2a OB AARFIZ, TFFRTE5E
g SN, BESNTAE] ITES 2 ENERIND, 2— FONRZ = OEENZIE, TEELXD
VERH D, L, f/hor— K94 X (minimum load sizes) X, Rl — RKow-< Y &L
ToINEL GREE - BVAR R NS VWO T, BRKIREO LTSRS FIRT ) &, L0 RERMBELEZ 4T 50
H LN THD,

Smaller facilities may use a single door oven, but the principles of operation and validation are
the same as with larger double door production units. The important batch oven process variables
are set-point temperature, duration of dwell period, load type and configuration, airflow
characteristics, and container size.

X0/ N iR I, R —HERO A —T R T A b e, UL, EEEE NY T
—varyOFEANE, KMo —EEOAEHRAEE LRI THDS, Ny T4 —T7 007 o A0ERE;
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EEIR A1 ROBDTH D, © iREIE (set-point temperature) | it/ A 7 ZLER TR O BEHFERE] (duration
of dwell period) . E— KD ¥ A 7" LFZIK (load type and configuration) . LD HRFE (airflow characteristics)
BILOFEZDKE S (container size)

2.2 Continuous Tunnels  GEEZ. k> kL)

The use of tunnels for dry heat depyrogenation of glass containers on a moving conveyor allows
for substantially higher throughput and packing densities than the batch process and is ordinarily
linked directly to a filling system. Tunnels typically use forced heated air systems or radiant IR
systems that recirculate air through a battery of HEPA filters. Load items in tunnels are
unwrapped and placed directly on the moving belt.

WS R DA D h T, T ARGRE A XY —TBBIS 26D THLIN, ZOHAD
A, Ny TN TaE A L0 L0720 EUWALEEEET) (throughput) & ZEIEEE (packing densities) % F]HE
ETHHLOTHY, ., REVATAMIEREICY 7 () S¥5, b, eI,
SRHEINEAZE S S AT L (forced heated air systems) & 2 U MIHEIRIMR S A 7 2 (radiant IR systems) 723 ]
SNd, TNHDT AT AE, HEPA 7 4 W F — LB EDE TEREZERSEL DO THD,
KAFOE— R UM, sEIRE TR <, BT 5910 MIEHEIZE ML D,

Depyrogenation tunnels have separate zones for heating and cooling, allowing for continuous
in-feed and discharge at temperatures appropriate for production purposes. The tunnel is
maintained at constant airflow and temperature conditions during use, and as glass passes through
the tunnel it is heated to depyrogenating temperatures and cooled before exiting. Although the
conditions within the tunnel are essentially constant and well controlled, the temperature of the
glass as it passes through the tunnel on the conveyor will change with its location. Dwell time is
controlled by adjusting the conveyor speed,® which in the depyrogenation tunnel is the process
parameter that governs exposure time.

il A v b ik, MG WEID Y — U BRI 2 IFf > Cnd, Zhuc kv, AEHMICHE L72iEE
TO, HhI723EE (infeed) & HLY H L (discharge) ZF[HEE LTV D, b rbid, O HFIE—
TEDJEAE & JLEDLMERHERFSND DT, TO M RNVOHEH T ARENEET D LI, T2
RIS 2R EE TSI, £ L THODOFRITHEIN END, b RVNOFEBITIEARNIC
—ETHY, PORHINTWAEDN, 2o XY —|ZFo T b RAVEZEET DO T T ARFERD
B, ZOME BT D THA D, B3 o UERRERT (dwell time) X, =2 X7 —DE L
BT L2 ETHIISND, DD, Biosam b UrpUTBW T, 32— D3RR RFH]
EREATHTRER - RXTRA—=R LD,
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1) : Notall tunnels have a variable speed capacity.

VP LHELETD R RANAE— FEB(LEE DRI - TV,

The air in the tunnel is most commonly heated using electrical coils but other heat sources, such
as infrared or high-pressure steam, have been used. For energy conservation, heated air in
depyrogenation tunnels is often recirculated. The important continuous tunnel process variables
are heating zone temperature, cooling zone temperature, belt speed, and container
mass/geometry.

N FIVNDZERIL, L0 —RIZIE, BRI A /L (electrical coils) M L CTHENT 225, SRIMR S
HDUVNEIEEDEK EWo T, MOBYRHEH I ILD, H % (energy conservation) D7D (Z, i XA 1
RV OMEZESRIL, LR UIREERS STV 5, ko b oL TR TOEEREH)KF -1
T ROE I D THD, B — 2 DIRJE (heating zone temperature) . Y E!Y — > DIESE (cooling zone
temperature) . /L NIHE (beltspeed) | 38 L ONEERDOE & AR (container massigeometry)

3. DRY HEAT DEPYROGENATION FUNDAMENTALS  (R2EMZ K 2l S A = D HLA)

Dry heat depyrogenation uses air first to heat and then to cool the items. The limited heat capacity
of dry air results in relatively slow heating and cooling of the load items. Variability in
temperature distribution in dry heat ovens and tunnels is typically much higher than that observed
in moist heat systems. The limited heat capacity of air requires that items in ovens be placed in
the same locations as confirmed acceptable in the cycle development/validation effort. Packing
and thermal mass will also play critical roles in temperature management. Caution must also be
exercised with varying load mass and distribution as in some instances (resulting from oven
design, air flow characteristics, and control probe position) minimum load sizes may result in
process variability.

HEBMC X B3 i, Wdh 2 9B L, RO TIHHIT 572000, EREFHHT D, #2250
BRBEIREINTHNHOT, a— RLEWmOME L BENTERND - VIESTEL S, #HAK
DA =T BEO M RVDIRE DM OEEEIL, B AT LATRONDL LD H, e REWVD
DEID, BROBFEIRBESINTND LOROT, A—7 NICELS BT, BB/ NY FT—
3 VO AT, FRTEDE L THRINZO LR UALEICE D, TSR & R &
(packing and thermal mass) & & 7=, EEHEICHEHELKE LRI THAH, B— ROEE &5 (mass
and distribution) OEENIIFEE Z KIS QER LRV, LW DL, (=T OT VA v KkE
BLOHIEHAIRE 72 —7 ONENDAL D) BONOFEFHITIE, KD — FTOYA XN Trt X
EEhZ Gk kx<) AL DHAMREMZ R LTS,
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4. DEPYROGENATION PROCESS CONTROL (i A = 7 m & A Hill4H)

Process temperatures in dry heat depyrogenation are controlled by calibrated temperature sensors
placed at specific locations within the equipment. The exposure portion of the process is designed
to attain a minimum dwell time at a predefined minimum temperature ensuring that
depyrogenation conditions are adequately uniform. The defined dwell time is determined by
using measurement devices (e.g., thermocouples) directly in contact with the items to be
depyrogenated during development. The inactivation of bacterial endotoxins by dry heat involves
the control of only two parameters: time and temperature. Together they provide dosimetric
measurement of the dry heat depyrogenation process.

HEBMZ KD~ A v 07 v ZREET, BEERN O R E OB IC R E S VTR 2R E T o —I12 &
STHIEE N D, BisA v« et RTGFES 55— 8 GUE: A nOfERBELTWE 2T v ) 1,
i S A v N3 —Th 5 Z L A RIESN TV D TORE ST RIROIRE T, /RO
A B ALERIFR] (dwell time) CEERL S 40D K D ITEREF S LD, TEFR SVl A v ALBREEfE] (defined dwell
time) 1%, (R Bsm - Teero) BFETICHERS (B2 TEEX) 261 LT A v &y
i & ERRICHE S S CRIET 2, BN K277 VT - =0 B bR v ORNEIE, #E222250
NG A=5 (R EIRE) OFIEHZES DO TH D, ZILOBMAEDLI > T, A X D/ A 7 -
7'rt AOMEWNE (dosimetric measurement*) 2352 HiL 5,

% 1 (FRIE)  “dosimetric” OFEICOWTHRVFAEL L7, [HE] W IBEERPHE LTV LEDOTH- T,
BUCH LT TRE] O EITLENRENH 228, YEiTZ OFREE#HT 5,

The simplicity of process control for these parameters provides a predictable depyrogenation
effect; thus it is not necessary to use an indicator such as endotoxin to establish process efficacy.
The dosimetric measurement for dry heat depyrogenation processes is the Fy unit. An Fy =1 is
defined as the depyrogenation effect achieved by 1 min of heating at 250°. The Fy-value enables
the integration of temperature over the process duration (time). By convention the rate at which
depyrogenation destruction rate (D-value) varies as a function of temperature change is defined

as the z-value. The z-value for dry heat depyrogenation has been shown to be in the range of 45°—
55°. For the purposes of this chapter, 50° is used as a standard z-value (1,2).

ENHNT A= OTa ZAHEORMI L, B AA 22RO TRZEE ST L2650 TH L,
DR, TR RAOYBRELHLT S0, = FEXI DX ) RIEEMEZERT 2 LB
W7ew, BENZ KD A 1« ' at AOMEHNITE (dosimetric measurement) X, Fy HALE 725,
Fu=1 1%, 250CT1MIC L » THEHETELIMAA mhle LTHESN D, Fy OfEIX, Yotk
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ADFEE (KFE]) 272> TOWREDFES) (integration) & AJHEIZT 5, BHNZ L - T, Bl SA o Ok
BEEE (depyrogenation destruction rate ; D-value) 1%, z{H (z-value) & L CTERIIN TS, Z D zfEIE,
W OBALDOBS L UTET B, BEWL/ S v D 2 flIX, 45C~55COMICH B = & MFEH s h
TWV5, ZOEDOHMDS 2 TiE, 50CEEHE -EL LTERTS (1,2) .

A widely used dry heat depyrogenation process is 250~ for 30 min, which is equivalent to a
total Fy of 30. Studies on the resistance (D-value) of endotoxin to dry heat have been published

and have reported considerable variability (1,2,3,4). The D-value must be referenced to a specific
depyrogenation temperature and is by convention the amount of time required to reduce
endotoxin concentration by 1 log. The D,so-value of Reference Standard Endotoxin (RSE) has
been found to vary from about 1.7-4.9 min. Thus, an Fy = 30 process will demonstrate at least a
~6-log reduction of the most resistant RSE reported. Therefore, a process demonstrating an Fy of
30 min during the exposure period can be considered extremely safe in terms of pyrogen
inactivation.

IRKHER SN TWDHZEADB A 7« T rt R(d, 250°CT 30 HHTH D, ZOFRMIE, At Fy 2
30 ICHY T 5, HENCKT 2 F FF o OGN (Dvalue) DIFENAR I TIEY, 72D
EEMEAFFOZ L b MEINTVD(L,2,34), DL, B 2iiE T LIS L2 TER 6,
EHIZE>T llog T R b UREZ D S 2 DI E R E & 7 Tu 5, Reference
Standard Endotoxin (RSE)® Doso-fEiZ. ) 1.7-4.9 min & NXTFY 7 Z ERAHENRTWS, Zhp z .,
Fu=30 D7 mat R %, HEINTWDIERLEMEIEDOH S RSE D072 < Tt ~6-log reduction (6 %t
b FRIE 100 S0 1 £ TORD) ZRETE S5 THA S, Lo T, IREZHIH (exposure period)
DFyD305MEND Tt ADFERIL, A vy U ARIEALOBLE B IR, fiRD TE 4 (extremely
safe) EE 2D ENHKD,

Given the frequency with which processes that yield an Fy of 30 min have proven to be safe and
effective, USP considers any process that yields an Fy NLT 30 min during the exposure period to
require no endotoxin challenge. For the purposes of this chapter, only time at or above 250 is
considered in the Fy accumulation, which adds an additional margin of safety because heat-up
and cool-down add to the accumulated Fy. Given the much higher D,so-values for endotoxin as
compared to intact microorganisms, these conditions are also sterilizing, provided appropriate
precautions are made so as to maintain sterility of treated materials from the end of the process
until their use.

Fuh 30 24U 57020, BETHOANIMEEZ L OZ ENNIESNLTWD Z N7 lEE T
ZHIVTWIUE, USP IE.  GUE : B mifio) BRER TREAIC Fy 28 30 20 LL E (Fy NLT 30 min)
ZELATO VAL, TRV UTF Y LU URUNERNEEZ TS (REE . 2 OXORITIOEN
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ERBAETHY  XEORFICHEEZELTVD), ZOEOHICEL TIE, 250CLL ETORFE DA% |
Fu OFERIZEIET 5, ZuE, IEE 3] (heat-up and cool-down) %, TDRE L7 Fulllz 5729
o MR Z B2~ = B NA T2 EICL D, T2 R hFT D Dy fEiL, 5ERLTEEOBAEY
(intact microorganisms) (ZEEHE L C, @M RKEREEZ 525D T, TNOOFRMFITHETLH H, 7=
L, ENH6OMEORASA v « Tt A0 TG, ZREHEHT 5 ETOR, WEFEF OO K
A MR 5 L 02, MU TIRE AT O LEDRH D,

The Fy approach is used as a means to compare dry heat depyrogenation effects produced by
processes that operate at varying temperature targets. Basic mathematics can be used to calculate
the depyrogenation effect produced at temperatures other than 250 to determine equivalence to
that provided at 250" .

Fu 7 7o —Fi%, 4 5EEFEE Gk 7ot 20REBIOECTREL T2RENET EE NI E
) CTHEIRZITH) 7aB AL TELD THEZ LD v DR 2T 57200 ke L
THEHASNTWD, ZOHARRRENIT, 250°CLAOIRE THE L DA m2ik4, 250CTEH 25
NEWAAL R ESEMTHINERBTH-DICHEHATE 5,

Using a reference temperature of 250° and an assumed z-value of 50, the Fy, calculation can be
determined:

250°C D HHAEJE E (reference temperature) &, 50°C D z HEZIRET 5 Z & T, Fy DFFHEIFRATITS Z &
KD,

T-250

fo= [ 107

) 2 =

250)
D> 100 0 At
b
Fn = accumulated destruction
RrEE

t, = time when temperature first exceeded 250°
7S 250°C & S AN iR A 7= P4

t, = time when temperature last exceeded 250°
7S 250°C & fc P2\ B8 A T2 IRF 4]

T = temperature at each time increment
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F-WEEHE 4y (each time increment) B CTOIRE

Dt = time interval between temperature measurements
T B2 A E O IRF [ ]

[NOTE—Only the contributions to destruction at T > 250 should be used in this calculation.]

[E— T>250C CTOMIEICHT2HFE5E, ZOEXEENTL L, ]

Summing the instantaneous temperature contributions over the entire depyrogenation process
allows for the calculation of the overall process efficacy or Fy delivered over the course of the
process. Many commercial data loggers are equipped with software that enables them to make
this calculation and integrate the total Fy accumulated during a process. The Fy calculation is
used during initial validation, validation maintenance, and change control. The mathematical
principles of the Fy calculation are essentially the same as those used to calculate lethality (Fo)
values in moist heat sterilization.

XA m s Tt AR > TO, #HNERRETOIREZS- (instantaneous temperature contributions) %
W52 LT, TR AELEROFH, HHWET v RE ETEXOND Fy DEORH % W
BEICT D, ZL<OMROT =% 1 v — (data loggers) 13, 7B L APITHTE SN D EF Fy OFtH &
BREIT25L5%Y 7 =7 —2HBBML W5, Fy OREIIZ. FIONY F—2 3 > (initial
validation) . XU T —> g VEEMMERF I L TWA DD A T F 2 A (validation maintenance) 3 TN, 2
HAE P (change control) CEM &5, OFEOHFRIZRFEIT, WEAPRE ZII1T 5 EIEME (lethality)
DFEICER IO L, KEWIZF L TH D,

5. VALIDATION (NVF— 3 )

Because dry heat depyrogenation is appropriate only for heat stable materials, a high margin for
safety is always attainable. Times and temperatures used for the purpose of destroying bacterial
endotoxins can result in extreme challenges to material integrity and stability.

B L AN ik, BUCLERMEICK L COREI R D THHDT, HICEH WL~ —
> (high margin for safety) Z KT 5 Z ENHIKD, NI T U T« = K EXR 2 U OfED BRI
9 DR &R T, i D 5E e & 2 EMEICKT L THRD Tl A |k L& (extreme challenges) %4 U 5,
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5.1 Equipment Qualification (EQ)  (H&#3 D BEMEAEFLAM)

EQ is a predefined program that focuses on the processing equipment to confirm that it has been
properly installed and operates as intended prior to evaluation of the process. In some companies,
equipment qualification may be separated into installation qualification (IQ) and operational
qualification (OQ), or lumped together under a joint terminology of installation/operational
qualification (1/0Q). Equipment qualification provides a baseline for preventive maintenance and
change control assuring reproducibility of equipment operation over time.

EQ (Equipment Qualification'%%"” O X, PORESINZT 07 L5 THD, EQIX, Yrt

Z R EIERE SN, £DT Dt%@nﬁﬂﬁé’ﬁﬁﬁﬁ 2, ZOMGHNARE LTWD X5 IZEEET
éf})%ﬁ%ﬁﬁﬁ“é?‘: (2. 7 ARG ICEREZKRDVIAATIT O bDOTH D, BONPOEEIZH-T

1%, BRSO BEASMEREAT (equipment qualification) %, PEATFEOEMEMEREAN (installation qualification ; 1Q) & &
HAIE D WS PERFAM (operational qualification ; 0Q) (243 L . Z?Jé1/\63’(?%1#5%5/@%5#@ﬁ*ﬁ‘@ﬂ‘ﬁﬁ
(installation/operational qualification ; 1/0Q) &9 K I IZ—FEDHFEIZ LT, B> T 5, HEEsOmEk

MEEIE. & A HAIC 722 TD (over time) asDIER ﬁfﬁ‘fﬁi (reproducibility) ZRAET H72HD, T
IR AR L OEEEHORN—2AT7 A4 L 25256 DTh b,

5.2 Empty Chamber Temperature Distribution for Ovens (4—7 22O\ TDZEF ¥ N—RE S
i)

The oven should be evaluated for empty chamber temperature distribution. This is assessed by
measurement of temperature at each corner of oven, near the controlling probe(s) and other
locations as justified. Differences in the cycle dwell period can be discounted in this evaluation,
as only the shortest dwell period need be evaluated. The evaluation is best performed over the last
few minutes of the dwell period once the system has fully equilibrated.

=T N3 BEOF v N TORENMOFHEZT 22 L, ZHTA =T OXBOEy, A —7
> ill4E FH 2 > H— (controlling probe(s)) . 38 X OV DD IEY T 5 & I L7/ 1E (other locations as justified)

. BEONEIZLVFHET 572D TH D, A 7 VOB SA o ALEREFRE (dwell period) (Z331) 5 75572
. Z @ﬂﬁﬁf“ﬁ‘*ﬁﬁ_é (discounted) 95 Z E KD, &) DI, H BBV A 1 LR (dwell
period) ZFHliT 206 TH D, ZOFHMIX, O ET-OZFDO VAT L&+ Pt 74X (has fully
equilibrated) . i o o ALERARE (dwell period) DIt DEEORICHKR BB LITAD GRit: —o—x
E. RXONFICHBEZIEL TWD) o
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The acceptance criteria for this test vary with the oven's capabilities and customary usage,
however, temperature distribution is typically substantially less uniform than observed in
autoclaves and may be +15° or more. Depyrogenation ovens that are located at floor level may
have even greater ranges in temperature. Endotoxin inactivation studies of any kind are not
required in the evaluation of empty chamber temperatures.

ZORBOTAELMEL, HRETDHA—T 2 DHETT (oven's capabilities) &, ED A —7 L DfFENT
(customary usage) CTZALT 5, L Lo, IRESMIT, —H&KOIZIX, A— 7 L—7TRLND
RENT YR L0 G070 B—MEnRHEC, I5CLLEICH 25, RO E ST E LI A v« 4 —
TATIREARTY XN 0 L RESRDLTHA D, SR 5FBED= F FF TV OREHAET
HoTh, ZBOF ¥ U N—REOFHHIIERI N,

5.3 Temperature Distribution in Tunnels (b >R WZ BT 5 IBEES )

While these studies are often done, they are of limited value. Unloaded depyrogenation tunnels
will always produce far more variability in temperature attained and distribution than will a fully
loaded tunnel. This is because the absence of glass on the conveyor belt results in heated airflow
that is too unidirectional to allow for optimal heat transfer. Therefore, for depyrogenation tunnels,
temperature studies under only fully loaded conditions are indicated.

LIZUIE, 2D X5 B L HEIAT>ThH, ZOMEIZRE SN b D L5, AR (7 a—F)
D XA 7 k> /L (unloaded depyrogenation tunnels) (3, BIEEIRE & Z DIREDOEE)S, 7/m— K (fully
loaded) L72 F o RATHLNDHELY b, ZHNCREREBZHIZAEL D, TiuE, ~b har
RY— BT ARBENPHFEL TWARWNWZDIZ, MAEIR™HEVICH — HFMEE2 > (too
unidirectional) = &1Z72 0 7T a Fle (R7R) BURERAELTLE I LD TH D, £DDIT,
iAo v bR LT, Han— RETo RO T TOADIRERFENR~T Z LI 5,

5.4 Component Mapping (Bi/SA BAE T 5 a2 R—X FANHOBRE~ » B )

The ability of heat to penetrate load items and to bring them to the required temperature should
be determined.

Mo — N L2 CBDNRET 28801« BEO [ Z20Wi S B REICE TRoue) 2. FHih
THI L,

Load items that are complex, with enclosed volumes and product contact surfaces that must be
depyrogenated, should be subjected to component mapping to determine internal cold spots. All
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load items should be prepared and oriented in a manner consistent with how they will be
processed. Mapping of glass components to be processed in tunnels is not necessary; all
monitoring of temperature is accomplished with probes placed at the bottom of the container.

il XA v LR iudze bt o, ST, LT T, ol #EMmETHH LS er—FK
PrihlE, NSO 23—V K AR » b (internal cold spots) ZIRET HHD AL HR—R U h vy BT (R
Fm— L7 OBEREZWE L, ZORENEZFH~D L) 21752 L, B— LR TOWMmIT
FNNEDL D i A vl I Hm0nE —H L= HET, #iEL, oS E52 8 (%) . bz
NTHREEIND AT ARRIEO AL R—R 2 O~y B Td, AUETHD,  BEOETHOE=
VT AT ARBOEICREIN -7 —7 TERINL TV,

¥ 0 (FUE) BXTIIWLS O OBEEN KT TWL LI THD, ZOXEOEKRE LT Ir—RFL=2Tomil
X, TNNREDOL D A B EINDI N E TOEDT-FIEE —FK L= HIET, #ERL, Xed5Z &)
LWH ZLERRTWA EEDbND)

55 Load Mapping (r—FD<=ybEVY)

Fixed loading patterns are necessary in oven depyrogenation because of the limited heat capacity
of the air; fully packed conditions because of their greater mass ordinarily result in the best
process temperature uniformity. Load mapping assures that items placed throughout the load
attain the required depyrogenation conditions. Information from the load mapping is used to
adjust cycle timing to assure appropriate efficacy across the entire load. It may be possible to
validate maximum and minimum loads (as determined by either the number of items or their
mass).

F =T TOMANA 22T, ZROBBEREIFRESNTZHEDTHY, v —F 4 T RF—UDBEES
NTWELZENRMETHD, ; LV KRERERIT, BF. KbREVWT o RREY 24 L 5D T,
PN T AR NIEE S U725 (fully packed conditions) C (FRiE: m— RO~y L 7%) {79, °2—
RO~y B 7%, v— FOMERDGFTICENN TV DY Gk 77 258 b, LEEIND
i A atb 22 T TV Z L2 HGET 2720 TH D, B— R~y B /b OB, MU Ea%
MR — RERIZDTE > TRIET D722, YA NVEA I VT EFETLH-OIEHEINS, 2
GRE: m— RNy B 7ofER) X, (FOMREELWVIEZEOEETREIND L O %) HERBLIW
s/hov—RE N)TF =R T 52 LEABEICTOHIHDOTHA D,

Load mapping for tunnels is not particularly useful, as load density based on container size may
vary substantially in actual use due to intermittent feeding of the tunnel, and loads that have
substantial gaps in the glass typically exhibit higher temperatures. The operation of the tunnel is
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such that the initial entry of the glass pack and the exit of the last glass in the system at the end of
the operation routinely show the highest temperature variability and the lowest depyrogenation
effect. Tunnel designs or equipment fixtures that create air turbulence at the front and end of the
glass pack can minimize this condition.

RN TOR—FROIRE~Y Yy 713, HEVAHTRY, LW DiE, EEOBEHIZHW T,
n— ROBE (Fasth A RESL) 1E. PR A~OM# 7 — RO (intermittent feeding) (2
Lo TRELEFHTHLDOTHY, 22D GRiE: 20T %) BT ARMTHLRD DX v v T HFfD
m— &, — A, KV SERE TR OEB A RT GUE: 0720 LHEEZERLTHDHOT, LD
EWOMRNLETH D) o PsxA v b RVOMEIRIX, T T A3y 7 OO AN DE (initial entry) & |

RO DY R COZED Y AT ADRBEOH 7 ADOHAEHSD, BFEIICE b EOIREZEINH Y |
MR BRI A B IR LD GRik: CEOERN R TE 20O T, FLTO R RMENLETH D) o

K> RV DFEIR (designs) Cias DT JE G (equipment fixtures) X, T A/ Xy 7 OEEEER Y & #&> D D
H5y CTEHERDELIE (air turbulence) 24 U SH L 03, RO BMIZZ O X 5 ZRHE (condition) % fie/)s
fbE®5Z L0k,

Glass temperature can be assessed using sets of calibrated thermocouples (i.e., trailing or wireless
thermocouples) positioned within the glass pack as it moves through the tunnel. Thermocouples
should be placed into direct contact with the item(s) at the bottom of the container.

T ARAROMENL, H T AKEGD /8y 7 NIHLE S TR IER O#VER] (thermocouples, 725 |
Bt (trailing) & 2 VMIIERR (wireless) DEEXS) D> NEFEHL T, FoXAVNET T AFHEDE
T 5DICGLE TAESEBH T2 LT, FMiT 22 E0HkD GUE: RV ERLTVWHOT,
R EHROZ L), BVERNL, BEDIEDHEIIIZ, ZOWih & EEEM I TRET D Z &,

6. ROUTINE PROCESS CONTROL  (RHE» 7 m& 2 8E)

As with all processes, after the dry heat depyrogenation process has been validated, it must be
subject to ongoing parametric controls that maintain it within the validated state at all times.
Temperature and exposure time, which are the only two critical depyrogenation parameters,
should be measured with each load in an oven.

oETHOT ot R EFRUARIZ, L DM A 0« 7ot A2 55— h 7% Tld, 238
il SA v DA —7 0%, NYF— hSIATRBOHFPANIZ, v GRIE : BisA v &ff) e TORE
MUCHERF S35 K 912, Mk 72 /3T A — X & B (ongoing parametric controls) 1T 72 1 AUIX 72 57200,
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T2 2O0OBEERNASA 0 DRT A= THDH NEE LIEERFR X, A—7 v NO% o — RTHIE
T5Z L,

The accumulated depyrogenation effectiveness can easily be measured for each process cycle
where a depyrogenation tunnel is used. The overall depyrogenation effectiveness of the cycles or
processes can easily be determined on each event by using the Fy value to ensure that safe
depyrogenation conditions were achieved. Where direct assessment of Fyis not possible,
assuring that the temperature and exposure time conditions were met results in an equivalent
confidence that the depyrogenation system operated in a validated state of control.

BREOPL A v G0 (accumulated depyrogenation effectiveness) [X, i/ XA 2 b XL EFEHT L7 ut&
AP AT NTEGIZHET 2 ZEBHRD, TOYA 7L (FliZ7mtR) Ok LTOR A
2 %0 (overall depyrogenation effectiveness) (%, Fy fEIZ K- T, &R/, oSN ER T2 &
ERRFES D Z L5, 454N b (event; RIE TP SA n B WS 2) THBICIRETE D, Fy D
ELER 725 23 R A WG . £ OIRE R K OWRERIMN, WA B AT L8N 7 — h S
HRHE CHldR SN T- A & A% 72598 (equivalent confidence) DGR Z 15 5415 (were met results in an
equivalent confidence) = & Z{RAET D Z &,

General chapter Depyrogenation { 1228} details the general practices that are appropriate for all
depyrogenation systems. This is accomplished by a number of related practices that are essential

for the continued use of the process over an extended period of time. The essential practices to
maintain validated status include calibration, physical measurements, periodic endotoxin
assessment on incoming materials, ongoing process control, change control, preventive
maintenance, and periodic reassessment and training.

SENEWD i N1 7 2= > (Depyrogenation) <1228> (%, £ TDORi/ A 12 AT MMIOW T 7,
—REY72° 0 J7 (general practices) DFEMZ IR XTWD, ZiuE, ZEOBET 5 EEE (practices) %17 9
L TERINDILDOTHD, ZOEAHRERONEIL, EWHIREICI72 - T (over an extended period
oftime) . £ D7 1A ZEEANMH T D 72DITARAIRAL LD TH D, NV 7 — b INTRIEEHERF
T B2 DFEARN 72 (practices) 1X. RO B DEEG A TVD,

-calibration (¥ VU7 lL— 3> ; #KIE)

- physical measurements (4R 72 FH1)

- periodic endotoxin assessment on incoming materials

(AfAf ot 9~ 5 EHI 22 = 2 R b % o L 3Fh)
- ongoing process control  GRikfE) 72 7" 1 & R & #E)
- change control (25 ¥4 )

- preventive maintenance (FBifR4)
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- periodic reassessment and training.  (E #1072 FEEEA & FIEH)
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