' .Can
ieMmperature And
sure Patalogging
Replace
a'Bewie and Dick

Test ?
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IT YO E'o At Get the Air Out....
....You Can’t Get the Steam In




B Residual Alr
_Locates In Packs....

N ....Preventing
steam

penetration...

m....resulting In
Incomplete
sterilization.




o | Similarly for lumened

o 'Iﬁ'&ruments

MA Belus of air Is trapped

L Within the centre of an
epen ended or end of a
blind, tube...

m ...Preventing steam
penetration...

N ...eading to iIncomplete
sterilization.




2EVeRt ol vacuum
Pereusilead sterilizers in
Sands 50's the problem of
meS|du gl \Was recognised leading
torthedEvelopment In 1963 of

“THe Bowie and Dick Test”

m Bowie, JH, Kelsey, JC and Thompson, GR, Lancet I, 586
(1963)




SUERLy Adopted in various
eSS/ RUIMErouUs regulatory
Aligertestthroughout the world.

s Later JIVER the more generic title

of T

“The air removal & steam
penetration test.”

m Enshrined In standards:




» “Ifithe s "eriJ,ization process
'mclud gl removal from the

preduics; a steam penetration test
shall be earried out at the
commencement of each day the
sterilizer Is to be used.”




O/"rv 17665 10.3.4
d(’r'wm rdraft form).

ersierlization process relies
" | "r' D | E Bval of air from the
sterilizerchamber In order to

achieve rapid and even
penetration of steam into the
sterilizer load a steam penetration
test shall be carried out at
specified intervals.”




m=Viegns,shallise provided to
ensurertigat the reqguirement for

steamppenetration throughout the
sterilizerrchamber and sterilizer
load Is achieved during each
sterilization cycle ...”




gedaily steamipenetration test is
‘descrieeanin EN 285 (textile pack )
ANGANENRSEY -5 (test sheet for use In

textile pack).
B OR more commonly used:

= Alternative commercially produced
products complying with EN 867-4




) ﬂ- —
= T%Pass [ESPONSE
m Jestfor éﬂ[e\sponse

In:

= Inadeqﬂ@Vacuum
m Chamber [Ceais

m Air Injection

m Using three test cycles




r 4
::ﬂ“&! OnNYErIE yerel means of
NCISSESSIURtie. adeguacy of air
Eineyelianedisteam penetration Is
1o Use:

B A'Stedimipenetration test daily
-

m plus

m Air detectors fitted to the sterl

m Process Challenge Devices for
monitoring every load.




T,
o

‘F"ﬁ( ol P ifla S’U'rement

u [ANeser tlmE;the dccuracy and
eseliuienielifmeasuring Instruments
nas ImpKeved significantly. Thus

m Pressure="/- 1mB

B Temperature = +/- 0.01C

E Such measurement capabilities have
also been claimed for stand alone
dataloggers.




JS;-

f" R
Jr\@ arconseguence of

IfiPIOVEr e‘r'ﬂ:s in datalogging
accurae t Aas been

SUQGES; ed that measurements
of T andlP alone can replace
the conventional steam
penetration or Bowie and Dick
Test.




WVhRakBasis Is this
SEeum made?

e

-




steam
enviremment

temperattre Is
directly related
to pressure as
described In
steam tables.

STEAM TABLES

GAUGE
PRESSURE
kPa

65-0

700

750

BO-0

B85-0

200

850
1000
105-0
1100
11650
1200
1250
13040
1350
140-0
145-0
150-0
1850
160-0
165-0
1700
175-0
180-0
1850
190-0
195-0
200-0
205-0
2100
2150
2200
226-0

ABSOLUTE
PRESSURE

bar

1663
1-713
1763
1.813
1-863
1-913
1-963
2-013
2-063
2-113
2-163
2213
2263
2-313
2.363
2-413
2463
2513
2563
2613
2-663
2713
2-763
2813
2863
Z913
2963

kPFa

1663
1713
1763
181-3
186-3
1913
196-3
201-3
206-3
2113
216-3
2213
226-3
2313
2363
2413
246-3
2513
256-3
2613
266-3
2713
276-3
2813
2B6-3
2913
296-3

TEMPERATURE
ec

114:51
115-40
116-28
117-14
117-86
118-80
119-63
120-42
121-21
121.96
122-73
123-46
124-18
12490
12559
126-28
12696
12762
12B-26
12889
12051
130-13
130-75
13137
13196
13254
13313

3-063

U3
206-2

o L]

13425 >

3163
321-3
326.3

13536
135-88
136-43




tec ramnge of values steam
L9l ESEEe a'ppro) mately linear.
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The relationship between steam temperature and pressure (steam tables)
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ratedisteam If you know the
S [90S e to calculate the
re f the steam.

fieasured femperature is equal to the

-

calculatediemperature then 100906 pure

steam IS'| resent
= Thereforew -

= In a porous,load cycle IT T, = T ., during
sterilization stage then adequate air removal
has taken place.

m Similarly :

mIfT  #T ., then air must be present
(Daltons Law of Partial Pressures).




8 In a mixture of gases
the total pressure
exerted by the mixture
will egual the sum of
the partial pressures of
the individual
components of the mix.

P =P el S N

gn.

® In an air steam mixture:

|1_."r-.r-—1:::-1-1| - IDTOtaI = IDsteam = | air.




R
R eI SEEZIM mixture the only
S cONAULON to'temperature is steam

plitte temperature of the steam
'ﬂepen dSTER Its partial pressure.

-~
m Thus in a: alr steam mixture the
measured temperature will inevitably
be lower than the calculated
temperature based on the measured
pressure.
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Fig. 4.6. Temperatures of mixtures of air and saturated steam at various
pressures. Ordinate: temperature. Abscissa: gauge pressure.

From: Meynell & Meynell, Theory and Practice of Experimental

Bacteriology, 2" edn, 1970, Cambridge University Press.



ﬁrre S

T asured IFis egual to
- calculated T then there is no
ESIdlal: present.

e

-

m [T measured T Is not egual to
calculated T then air Is present.




‘Do S ThIS \Work

In"Practice?




NeWImUch residual
S equired to

Use a Steam
Penetration Test
fallure ?




o 3
d«ﬂrﬂ

E

mDEesithe veltume of air create a
Significant difference between
the cal ‘_l‘JI.ated and measured
temperacure ?




ay -~
EifgEe ansSwWer to the final
"guestionris NO then

measlt _gr.nent of T and P and
calculation of T from P cannot
replace the BDT.




|Ie pack as per EN 285.

rr ne couple matrix of 7 TC’s

- m positioneg entrally then eguidistant at a
2 1o 3 radius firom the centre.

m 300 pregi@ammalble steam sterilizer.

m High Accuracy T and P sensors
calibrated te National Standards.

m Air Injection Apparatus
(as per EN 867-4)




PRESSURE PROFILE OF EN 867-4 TEST CYCLE
B1 - SUB ATMOSPHERIC PULSING
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/w@ SRIVIENT — PASS CYCLE

Temperature (C)

The temperature profile within a standard Bowie and Dick Test textile pack with no air injected.
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——Temperature - Drain 2 - Sterilizer 1

Temperature TCD9, Pack Centre thermocouple

Calculate Theoretical temp from chamber P
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134.6
134.5
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1343

134.2 1

Temperature (C)

133.9
133.8
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133.6

1335 4
11:51:22

with no injected air.

ERANY ENIlF— Pass Cycle

The measured and calculated temperature (from pressure) during the hold period of a test cycle

134.1 4

134

i 1 I

it T Jofon it Inln ;
Al T 5
il ;
i t" T }\

I Ul -

=——Temperatura - Drain 2 - Sterilizer 1

— Charmber Pregsure, mB

——Calculate Theoretical ternp frorm chamber P

11:52:48 11:53:31 11:54:14

Time

11:54:58

300

- 3095

- 3090

r 3085

r 3080

- 3075

- 3070

- 3065

- 3060

- 3093

3050

11:56:24

Pressure (mB)



VIENT

ysticaipAnalysisiof Results during hold
2 — No zlr lgjeeisle)

el
Drain T Calc. T Pressure

g C mB
Mean‘ .34 134.30 3068

Std Dev 0),0)55¢] 0.103 8.85

IMiax 134.44 134.51 3086

Min 134.19 134.10 3051




IF— Fail Cycle

—_—

PRESSURE PROFILE OF EN 867-4 TEST CYCLE
B1 - SUB ATMOSPHERIC PULSING

PRESSURE (mB)




VIEINIE— EAIL CYCLE

The temperature profile within a standard Bowie and Dick test textile pack after injection of 0.8L of
air into the chamber.
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EVRERIVIENNEEAIL CYCLE

|
1

Temperature (C)

The measured and calculated temperature (from pressure) during the hold period of the test cycle.
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mais girRESUltsiduring hold phase

Calc. T Pressure
C mB

134.28 3066

0.102 8.83

134.46 3082

134.08 3050




s AWEEUNMEG@EAIRN0.81L) SUFFICIENT TO

CAUSEVSHIEANMIPENETRATION TEST (BOWIE
'AND DICK =S1) FAILURE COULD NOT BE
DETEGIED BY SIMPLE INSPECTION OF

TEMPERA QF?E AND PRESSURE
MEASUREMENT ALONE.

B DATALOGGING ALONE CANNOT
REPLACE THE BOWIE AND DICK TEST !




