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physicCs

Physics 1looks for general laws

Biology has to deal with specificities

« generlic » VS « specific »
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Steriliization processes

* Pressure * Inactivation of p-
° Temperature organisms on all
surfaces of medical

* Water vap. relative ,

humidity devices

. Surface phenomena:
condensation /

adsorption

. Concentration of the
sterilizing agent



1. Physics of adsorption and
condensation

2. Review and discussion of the main
sterilization processes (steam,
ethylene oxide, formaldehyde,
hydrogen peroxyde)

3. A case study: H,0, (microzoom,
@i@%ﬁ%ﬁ?ﬁﬁ&e and mlcroblologlcal . wheD,

—~ o em e oA < TN
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1.Physics of
adsorption and
condensation



adsorption absorption

Sorption = adsorption + absorption
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Vapor pressure
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Vapor ggaissg%ggbr ¥ non-condensable gases
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geometry

Enhanced

nucleation
Surface energy 1s
lowered

p-poxes; Keil¥in
condensation at

p. < p.,, T > T,
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(@

p. (vap.+materials) <

-t P. (vapor)
= T, (vap.+tmaterials) >
- T, (vapor)

04— Condensati

The materials “pumps”
molecules around & dry
the surrounding,
Ereventlng Condensat19 ophilized spores of Bacillus

et s &

Fox [ m‘: 2000 5
Salty water drop
silanized glass; from macerans on silanized glass; MthE}
Guadarrama-Cetina et al., from Marcos-Martin et al., il
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Adsorption

Condensation

* Different component
concentrations
(analogy with liquid
solutions)

* Using Raoult’s law
and pure components
1sotherm

Different component
concentrations

Using Raoult’s law
and pure components
saturation pressures

11 thg E)’ i
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2. Main sterilization
processes
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e Vacuum to eliﬁi%?gei;lréhz—éo%éi&gable gas

* Gas phase to penetrate 1n load and
instruments

. Condensation:

- Allow penetration of sterilization agent 1n spores

— Release of latent heat

— Concentration of sterilizing agent in condensate phase

>> concentration in vapor phase (x 1000 - 10000)

- Liquid water + sterilizing agent: Modify dew point
temp. to obtain high adsorption / condensation at 13Wﬁ§&i

~d+ a2 T A = A aa ~lh mnrA A A A A~ A A A a i aa A N R e s e Y Ao A ~vamraann N



22
W WORLD

Pressure Temperature

* Heat (121-134°C) + repeated 0 t
latent heat releases by
COHdensation Outside the load

Door opening

* Coagulation and L

denaturation of enzymes and

) Atmospheric P - Ambient T°C
structural proteins
* Steam exactly at saturation > time
Condensation % of vapor already

condensation Latent heat condensed . W@‘
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Example of an EtO cycle
* EO: highly penetrative gas
Pressure

(absorption) '
* Require aeration - carcinogenic
e Conc. 200-1200 mg/L

* Alkylation of protein, DNA and RNA — amspheicr
prion fixative

Preconditioning 1 2 3 Aeration

- -
< »

A
Y
A
)

Door opening

e Efficacy increases with T °C
(typically 48°C)

903 RH > 30% | Daaiad cases with

Y

time

Not efficient on Penetratlon:bf
spores EO 1in spores
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Example of an LTSF cycle

* Temperature: 50 - 80° C Pressure
* Potentially carcinogenic — aeration
1 2 3
* Concentration: 15-100 mg/L ) T ’

) RH > 7 5 % tmospheric \/\/VW—\/\MIJVV \/ o001 opening
* Alkylation of amino and sulfhydral

groups of proteins and ring nitrogen
atoms of purine bases - prion fixative

» Time

* Condensation layer

Not enough liquid Condensation layer |
around the spores Liqu%%JP %%% (IS0 16 nggw
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* Injection of water + H,0, after
vacuum
(# atmospheric pressure)

e Temperature < 60°C

* Hydroxyl free radicals attacking
membrane lipids, DNA, and other
essential cell structures. Effective
on prion.

e Adsorption/condensation layer:

......

Efflcagﬁkﬁwg;eases as thi

Optimal microbial efficacy

Pressure

Atmospheric P

Low vacuum

A

Example of a VH202 cycle

~ W
May be repeated

1

(—)(——)(—)(——)6—)(—)

Outside the load /\

3

Concentration vH,0,

Door opening

0% HzOz

> time



2%
W WORLD

p (bar)

EO

Hz0

o

- ' >
-15 10.7 100 150 T{“C}



2\' WORLD

ase study” 5
-*. ]E[;Z‘:);Z

* Ambiant pressure and low cc.
H,0,: Slow motion

e Influence of RH

* Micro-zoom, micro-balance and
. mploszcontrols o WheD,

ASP (2012)



22
W WORLD

H,0, sensors Pre-conditioning: RH 30% Macro-zoom

nactivation Injection of p-droplets
kinetic (evaporating)

H,0, H,0, at 6% and 12 %
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asSs
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Evaluation test TOULOUSE, TESTROOM 2, H20, H202 and Temp

ppm H,0, ryen . ass (ug) L
i o
IS IE T 1
R N | N | Y VYT =
E"“ T 0 e—flance
i =
. ] 0 ] 160 ___1;00
tooum §
Peadgmongs
6 log

Start of Spraying Phosphate / Milk
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RH,Z (RH;) determines H,0, Efficacy T when H,0, ppm T or
ppm RHgog(RH; ) ¥

H,0, (ppm) 7

160 .- . .
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.
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RH,, oc RH; (%) H,0, (ppm)

H,0, liquid phase cc >> wvapor
phase cc
(Raoult and Henry’s laws)
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e..T RH! or H,0,ppm T e T (RHi T H,0, ppm ¥ Eff )
Dilution
€. (nm) EffdoBifect  Eff=flew
N .
2000 S \‘\'
1500 12% H202 / . ::;Oall . \Q
A12% \
1000 3 \\
2 \ hd
20 0% SN e e - _
3 1
H,O o * -
: = S . | | | | | | |
RHmM oc RHi (%) e, (hm)

Adsorption /
condensation
eeS=F (RHi, H202

pom)
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pressures

13 unit: kAngstrom

ti Condensate

Timescale 1is E, o Layer thicknes:
much shorter " s H,O0, vapor conc
uM 1.0 20 3.0 s
Tieme (minutes)

Injection
(pulses of H,0, to reach 19 Torr - specific to this process)

The first dual-sterilant low-temperature sterilization system; from Dufresne and
Richards, Canad. J. of Infection Control (2016)



2%
W WORLD

Vacuum to withdraw non—-condensable
gases

Fast and efficient penetration 1n

instruments of the sterilizing agent
1n vapor state

Condensation/adsorption of water

needed for various reasons for each
sterilization modalities

But:

Condensation 1s a complex phenomenon, not
to be reduced to p,V, T ..

Growlng complexity of medical devices
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