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PCT/ US98/ 26660 METHOD AND APPARATUS FOR AERATI NG CHEM CALLY- STEI ZED

ARTI CLES FI ELD OF I NVNON The present invention relates to chem cal
sterilization. I cifically, this 5 i nvention rel ates od
and system for @@3@%%%5 the residue of sterilants, such as eﬂ%ﬁrgﬁgﬁ%gﬁde
(EO, fromchemcally-sterilized articles. BACKGROUND OF TRE | NVENTI ON Many
surgical devices and materials nmust be sterilized prior to use for the

heal th and safety of patients and hospital staff. Sterilization may be
divided into high- and |l ow 10 tenperature sterilization. Generally,

hi gh-tenperature sterilization is preferred since it is significantly

faster than | owtenperature sterijd '19 i gh- r re sterilization
i nvol ves exposing the arti .ﬁg eratures
rangi ng from about 250 to abou Bgcaw| “*The process

can be conpleted usually in | ess than about 2 hours. However, sone
articles, such as plastic articles andFELBOFINGENTION conponents, cannot
wi t hstand such high tenperatures and require | owtenperature sterilization.
Lowt enper at ur e st er i Thezatsend inviestionirelafes uchemfcalt sriritization £ More specifiggilyc ait v,

I t t i i ' ' I h f i.cal 14 t t
tenper atur os 3 r ofivaisn ARy 8A R 8 Sl Enebine B R e eplanty B o8
i ncl ude, for exastpylene dite (EO), fedral chiepdajlysierilizeg articeer oxi de, chl ori ne

di oxi de, and ozone. In nedical 20 applications, BOis the nost w dely

used sterilant. Standards for EO sBatkérotb oMreRISvisdionN orth in Good
Hospital Practice: Ethylene Oxide Steriization and Sterility Assurance

ANSI / AAM ST41-1992. terll ' LS -
process perforned i n%ﬁ%ﬁ?ﬁ Wﬁﬁ&éﬁﬂ{ﬂﬁ*ﬁ%s%H QJPJe% ugﬁﬁgﬁeﬁt&ﬂﬁl
sterilization stansafethef pareniscand Jiospitel stedf. h¥tenilizatioromaycbeadivid@binto high-apdleok-i n
gas per meablyg bagietardhaffstidn! Gdierf) HiREkmplhire Seridfidn FYHEMALE dnde' O

t he
significantly faster than low-temperature sterilization. High-temperature sterilization

involves exposing the articles to be sterilized to steam at temperatures ranging from about
250 to about 270°F in an air-tight chamber. The process can be completed usually in less
than about 2 hours. However, some articles, such as plastic articles and electrical

15  components, cannot withstand such high temperatures and require low-temperature
sterilization. Low-temperature sterilization is the focus of this invention.

Typically, low-temperature sterilization involves the use of chemical sterilants at
temperatures from about 100 to about 200cF. Common chemical sterilants include, for
exampie, EO, formaldehyde, hydrogen peroxide, chlorine dioxide, and ozone. In medical -

20  applications, EO is the most widely used sterilant. Standards for EO sterilization are set
forth in Good Hospital Practice: Ethylene Oxide Sterilization and Sterility Assurance
ANSI/AAMI S§T41-1992. '

Low-temperature sterilization is usually a two-step process performed in an air-tight
chamber. In the first step (the sterilization step), the articles having been cleaned and
25  wrapped in gas permeable bags are placed in the chamber. Air is then evacuated from the
chamber by pulling a vacuum and perhaps by displacing the air with steam. In processes
using EO as the sterilant, it is preferable to inject steam into the chamber to achieve a
relative humidity that ranges preferably from about 30% to about 70%. Such humidities
1
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cthanber by pulling a vacuum and perhaps by displacing the air W|th st eam

In processes using EQ as the sterilant, it is preferable to inject steam
into the chanber to achieve a relative humdity that ranges preferably from
about 30%to about 70% Such humdities | P.D. File No. 30 -4390(4510)
are found to mx9B4¢ the sterilizing effectiveness of the EJEI9&RHGaNt
which is introduced into the chanber after the desired relative humdity is
achieved. After a period of time sufficient for the sterilant to perneate
the wapping and reach the interstices of the article, the sterilant and
steam are evacuated fromthe chanber. 5 In the second step of the

process (the aeration step), the articles are aeratedgg chy%h 396(1451%9'[
resi dues. Removing such residues is particularly inportant in the case

toxi c sterilantg, foRhtfld hskinked thd YietikAhe GRIAInST oPﬁx@‘E@ﬁs‘i&ﬂadt RicH §einfbduced
washes, continuous aeration, and a conmbination of the twg. An air wash is a

batch process anig thesshambey after e fesived reiative Aumidisy tsﬁ@lﬂ?ﬁnmf?ﬁn“& of Mgt i vel y
short peri od, f{?fﬁc%?fﬁp{h@’staﬁﬁnﬁb%ﬁ?eﬁ&e tHOwrappifs hd AN the infeRHGiof thedticlelt

atmospheric pressure or higher into the chafibef. This cycle is repeated any
nunber of ti neshqmilammbst@esmwcpﬁ%f:m therchambari | ant i s achi eved.
Cont i nuous aeration typically involves introducing air through an inlet at

one side ofsthe chalite sexomt Mpe:fthhmasg(ﬁxdaemmbnkthp)pthghnmﬂwtmedm t he

ot her side of the ¢ ap t vacuu

Frequently, thd*PRE ‘g‘%@"r"@&&‘ﬁ‘é“é gireé] v@ﬁﬁ? g‘?‘ﬁ)}s pf%c‘%ﬁ%mg%pﬁ?’ﬁ% E‘%E:c%sr?r%n
approach i nvol uesic neml&m Jeetoas#HO. Waemmmeﬁilncmmmwuhescymunu?us

Lowt enperature sterilization is consum ng, .Alt i zation
step can be dorfSiRn, 324 & Coppaten o?)h’ggwc’ %é’aére‘f'gf‘r‘s%ba e°9°ct€%p| ca requi res
from about S t @ofiptists eﬁ@uﬁmymchﬁhhertfomdmvmmwmnd dor example] £2 minuteent

for steril pgat! and tl'?err]antr ucmg &ir atsatx%gsphjmﬂ:ep(%essure or higher into the chamber. This cycle is

repeated any number of times until the desired removal of sterilant is achieved.

Continuous aeration typically irivolves introducing air through an inlet at one side of the
chamber and then drawing it out through an outlet on the other side of the chamber by
applying a slight vacuum to the outlet. Frequently, the two approaches are combined. For

15  example, a common approach involves performing air washes and then an aeration cycle.

Low-temperature sterilization is time-consuming. Although the sterilization step
can be done in less than 3 hours, the aeration step typically requires from about & to about
10 hours. The time between when an article is sent for sterilization and when it is returned
is called "turnaround time."

20 There is a need to reduce turnaround time. This need stems from cost cutting
pressures applied to hospitals by government and insurance companies. Since articles being
sterilized are not available for use, an inventory of articles must be kept on hand to
accommodate the turnaround time. Such inventory can be expensive, often times costing
the hospital millions of dollars. Consequently, a great deal of effort has been directed at

25  reducing turnaround time, particularly the aeration step which represents the majority of

the turnaround time.

Recent efforts have been successful at reducing turnaround time, but they tend to

create other problems which are severe enough to restrict their implementation. For

2
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is"called "turnaround time." 20 There is a need to reduce
turnaround tinme. TFhis need stens fromcost cutting pressures applied to
hospital s by government and insurance conpanies. Since articles being
sterilized are_not_available for use, an inventory of articles nust be kept
on hand to accOiittdte the turnaround time. Such inventory cBRTHIP826660
expensi ve, often tinmes costing the hospital mllions of dollars.
Consequently, a great deal of effort has been directed at 25 reduci ng
turnaround tinme, particularly the aeration step which represents the
majority of the turnaround tine. Recent efforts have been successful at -
reduci ng tur narexample} eneepriobart efitee invbivecusing gériitcoérthen BO,00E1E485/ap6Y ghlsear €
severe enough to . restri ct.dtheir i opl e Hrllfieation. For 2 exanpl e, one prior
art effort i nvdOmgeTRIrPRCsqrAeracy %"‘%E smalier semiegation champers., Alhoughihese -

hydr ogen per oxistigiligdtion ehanteks mm&ouramﬁasaﬁabﬁrqu&k?c tHeir &bl SibaGit) AR their
Al t hough these ste iIing.on ha(gb rs can turnaround articles nore quickly,
their small cad‘g‘?}‘éﬁp“f’i 1ROMARY e%ﬁ%&ﬁﬁ%@“%&&?@@ﬁéﬂ“l‘??@%@éﬁmve
chem cal sterilarRtRatle®EON t hese sterilizers are not 5 as versatile as
EOQO. Another prior art effort to reduce aeration tinme involves sorting
devi ces by ease of | nat.er | .

y Abihkr Phbr 2t At 10 acPRIFR RV Sorliil fhvicBs BPeds€ 5

prone to sterilant residue and/or the sterilant resi e reroved nore
readi | y. Ot her serstionr Fol exampl, somenaaterinds tend bche lessppanede stexilant résidue pnd/ofthe

increase in te L), N EAF 1.Q0 b : by
50% Therefor eT’E&gglﬁg%@Pﬁgﬂaﬁﬁﬁﬁﬁgﬁg@%g%g%ggfhg&ﬁﬁ%géﬁga%ﬁWé‘%#f hst and
ei t her hi gher ttiempesatatesir Everp 8°K increatedin herpeyateat ean tednde stesitizidgiand derutipn dimes be
put on a 1§t dyIshek" TR 8) ol il QABER O ol BhE Surdl hibher
require the use-”o 1"ower ?eh’p. ratures or b’@r

temperatures or to retain low sterilant residue, they can be put on a "fast track” and avoid

being grouped with other articles which require the use of lower temperatures or longer
aeration times. Such an approach, however, is labor intensive and complicated since
different operating conditions must be observed constantly. Additionally, the sorting

15  approach runs the risk of articles being damaged or inadequately sterilized due to errors in
grouping. '

Yet another approach to the problem involves injecting supersaturated steam with
the sterilant as described in U.S. Patent No. 4,770,851. The supersaturated steam
condenses on the articles and their wrapping. The condensed steam acts as a removal agent

20 for the sterilant by condensing in the interstices of the article and then evaporating to carry
the sterilant away. This approach, however, requires costly modification to existing
systems. Additionally, the condensing of steam on articles and their wrapping can result in
the formation of undesirable “wet packs.” Wet packs compromise the sterilization process
by providing a medium (water) in which bacteria live and migrate. Contact with water

25  may also damage certain articles such as electronic components. Thus, this approach
reduces time, but can increase the risk of inadequate sterilization of and damage to the
articles.

Therefore, a need exists for a less time-consuming aeration procedure that can be
practiced on all articles that require low-temperature sterilization without compromising
30  sterilization or damaging the articles. The présent invention fulfills this need among

3
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aération times. Such an approach, however, is |abor intensive and
conplicated since different operating conditions must be observed
constantly. Additionally, the sorting 15 approach runs the risk of
articles being damaged or inadequately sterilized due to errors in

groupi ng. YetwWaAtdNMEy approach to the probl eminvol ves i nj extriosys26660
supersaturated steamwith the sterilant as described in U S. Patent No.
4,770,851. The supersaturated steam condenses on the articles and their

wr appi ng. The condensed steam acts as a renoval agent 2 0 for the
sterilant by condensing in the interstices of the article and then
evaporating tegguedrry the sterilant away. This approach, however, requires
costly nodification to existing systens. Additionally, the condensing of
steamon articles and their ' esul f . he formation of

undesi rabl e 'wet packs." Wt %ﬁ%ﬁi@é‘#@%ﬁ%l | zati on process by
providing a nmedium_(water) in V\?i ch bacteria live and m g{rate.. Contact with
wat er 25 may al’d8 LRwsa Plob Pt he mrte pk EQ residus sempvakfram @MG Blastic B #8@Hent s.
Thus, this appgpemtmidsesdsices tinme, but can increase the risk of inadequate
sterilization of and danage to the articles. Therefore, a need exists for a
| ess LI me-gonsum ge aPkidhk Q3 iaREaEn B afiBlRS ARl |
articles that requiTe [owtenperatur SCer MEZatTon Wi A Ro Ut conprom sing 3
0 sterilization or damaging the articles. The present invention fulfills
this need anong 3 ot hers.. BRI EF DESCRI PTON OF THE DRAW NGS Fig. 1 shows

a plot of the rate of EO residue renoval from PVC plastic on a sem -
| ogarithmic scale.  DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS

The present invention provides a system and method for aerating chemically-
sterilized articles more efficiently by reducing the articles' adsorption of the sterilant.
10  Adsorption is the ability of a substance ("adsorbent”) to hold or otherwise concentrate a
gas, liquid, or other dissolved substance ("adsorbate") on its surface. By introducing a
competing adsorbate to the aeration process, the adsorbed sterilant on the surface of the
article is at least partially displaced. Reducing the amount of adsorbed sterilant
significantly improves aeration efficiency since adsorbed molecules are found to be
15  particularly difficult to remove.

The difficulty in aerating chemically-sterilized articles appears to be related, at least
partially, to the adsorption of the sterilant. This relationship is evident in the variable
aeration rate of EO-sterilized articles. EO is considered specifically herein because it is the
most common chemical sterilant and its residue tends to be relatively difficult to remove.

20 Tt should be noted, however, that the underlying principles addressed herein also apply to
other conventional sterilants, and that the discussion of EO herein should not be construed
to limit the scope of the invention to just EO sterilization.

It has been observed that aeration of an EQ-sterilized article is a two-phase process.
In the first phase, EO removal is fast. For example, in the aeration of PVC expésed to
25 600 mg/l of EO sterilant (Oxyfume 2002°, AlliedSignal, Morristown, NJ) for 135 minutes
at 120°F, as shown in Fig. 1, EO decreased from 1828 ppm to 125 ppm in about 12 hours.
This corresponds to a removal rate of -0.225 InAEOppm/hr. In the second phase, removal
is considerably slower even on a logarithmic scale. To reduce EO concentration from 125
4
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5 Fig. 2 shows a schematic diagram of an apparatus of the present

i nvention. DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBCODI MENTS The
present invention provides a systemand nethod for aerating chemcally-
sterilized i9§'5§§ nore efficiently by reducing the articles' adsorption
of the sterilant> 19 Adsorption is the ability of a subs pBr26660
("adsorbent"”) to hold or otherw se concentrate a gas, |liquid, or other

di ssol ved substance ("adsorbate") on its surface. By introducing a
conpeting adsorbate to the aeration process, the adsorbed sterilant on the
surface of the article is at |least partially displaced. Reducing the anount
of adsorbed Spavtp|lppm reguited OV hawns|whidhroorresposdsate natmoval edté 0£0486y si nce

adsorbed ol Sk HRYBALD RSt cAPRbRM B SN dnb BT

The difficulty 1M aerating chemcally-steri

rel ated, at |secosd phase of aerdtipn was mohetightly heldtthartho EOt leddurt rembladrih the Hirkts
rel ati onship js _evident in the variable aeration rate of EQ sterilized
articles. EO®I'S considered specifically herein because it is the nost

common chem cal steril ant ggg its resjdue tends to be relatively difficult

to remove? 20 | TheHRACHoLEC RAlesyles abnre popriace samtaining adsnrbed EQ irgmensuredi pl es
addr essed hengite pREfte/of ED Gehdi "FQMNY SAd hORAH of hékolded HPincrRilds, idpat t he

di scussi on of_EO hereln shoul d not be construed to limt _the scope of the

i nvention to 5Q&P gYs e Surface flecreage, fasylting dma Gerreasy efiPiohBio 18t at i on of
an EO steri| iegailbin fhton of the AM6ImPHEBEG aBiofe@ Der athbunt Bpmi‘rfaﬁé&eﬁh;a?%").BO

renoval is fast. For exanple, in the aeration of PVC exposed to 2 600

mg/ | of EO stiBFMFehReRisRyrersises ooise majerplesiase smaved Moy the sysem binblpwingr 135
mnutes ap 136-8ed diFoveR heiide. I TheNofimelof alf RellfRE 16 ASGife @E@Wto 125
rate of -0.22

ppmin about 12 hours. This corresponds to a renova .
| NAEQppnT hr . Breportipaalda thefate 9f skadge pERmwiith des (ARAG). dBecause phessurfogsratizagtion on a

llogarithm ¢ s8AEG inchasds AHMEEAPOhGRRNFRh AnlRR Jf'sQBedstve lé‘yers of EO molecules,

AP/Aq decreases eﬁponent.ially and the volume of air needed to remove EO molecules will
therefore increase exponentially.

15 The present invention not only identifies a probable cavse for the difficulty in
removing sterilant residue, but also provides an innovative solution aimed at the cause.
The solution, as mentioned above, involves introducing one or more co-adsorbates during
the aeration process to displace the sterilant. Since a sterilized article has limited surface
area, the sterilant and co-adsorbate will compete for surface area and eventually reach

20  equilibrium. The equilibrium is represented by the following general equation for
multi-component adsorption:

90/ = Keof(Pyo)/ (1 + keof (Pro) + K A(P) @)
wherein:
Qgo is the quantity of EO adsorbed on a quantity of the material;

25 Gz i8 the maximum quantity of adsorbates on the quantity of material based on the
adsorbent’s "surface area,” which, in the context of adsorption, relates to all
exposed solid surfaces, typically of micron and angstrom dimensions, which,
although not visible to the naked eye, are usually in the form of pores and
crevices in, the material;
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ppmto 1 ppmrequired 57 hours which corresponds to a renoval rate of
-0.085 I naEGppnm hr. This decrease in renoval rate indicates that the EO
resi due renoved in the second phase of aeration was nore tightly held than
the EO residue renoved in the first phase. 5 The nunber of EO

nol ecul es abowvessszsew f ace cont ai ni ng adsorbed EO i s nmeasur epchysmheséparti al
pressure of EO (herein "P.[err]"). As the hold of adsorbed EO increases,

t he EO nol ecul es above the surface decrease, resulting in a decrease of
[err] is an equilibriumfunction of the amobunt of EO adsorbed per anount of
surface (hereinferr]") In current aeration processes, these nol ecules are
renoved fromthe sistasisdoyoehl constary fQ0EO; EO-free air over the surface. The
vol une of air needed to renove the EOis inversely proportional to the rate

of change of [[ errk, anBasaabsnecdnsantsor heee-addoktateit i on for EO i ncreases al nost
exponentially with renoval of successive |ayers of EO nolecules, .[err]

decr eases exponent i’alaﬂa}‘tiaf‘ ssiitbost@l-unme of air needed to renove EO nol ecul es
will therefore incr&fse exponentially. 15 The present invention not

only identifies a robagl au f r?éh %i_fflcltyin removi ng steril ant
resi due, but also Ef?ﬁf& é’gw‘;‘ﬁelgfﬁﬂ%‘\?/oé |s\9‘§a blution ained at the cause. The
solution, as nentiogned above, involves_introducing_one or nore

co- adsor baPes duri H&sw GRFTERINGE fihe gpantifisef EQ opjaspecificabspriend swHacE 3% . Sj nce

a sterilized article hagnétiofiof & pattiaf pressus FEO;Ida@ sterilant and
co-adsorbate will conpete for surface area and eventually reach 20

equilibrium The eggyJhEd IS e F‘g&'}‘ f ﬁ,@m SHRRAY
equation for mnulti ?ggﬁggﬁggégsédsos%ﬁﬁ?} err rb%{sgeotnﬁfe?é uan???y of anceas
adsorbed on a quantity ®funetipg qfgheqartial presquire of the co-adspdiate} i s t he naxi num

guantity of adsorbates on the quantity of material based on the adsorbent's
"surface area," whilobking st Eqostionq(hy, dixdan bt sesishatif these,is 4 ed-adserbatepCabdringx posed

solid sur ];L Cesdet%;[ﬁxg,i tﬁéanl r.lhg EBfresx. u%[ 82, %Pbg ogzse}-.r or gx!arxnlgﬂflw QnSPV(\eh ahé: kf‘eﬂon
were exposed to 4.5 psig of pure EO at 120F for 135 minutes, residual EO amounted to
3948 and 23 ppm, respectively. However, when the same materials were exposed to a
blend of 4.5 psig of pure EO and 12 psig of a blend of HCFC-124 and HCFC-22 under the
same conditions, residual EO amounted to 1828 and 14 ppm, respectively. Therefore, it
15  can be seen that even though the partial pressure of EO remained the same, the HCFC co-
adsorbate reduced the amount of residual EO by about half.

During the aeration step, as co-adsorbate enriched air is passed over the article, the
partial pressure of EO drops while that of the co-adsorbate remains the same. This shifts
the adsorption equilibrium, as expressed in Equation (1), such that adsorption of the co-

20  adsorbate is favored. Over time, EO will be substantially displaced by the co-adsorbate.
Therefore, rather than just removing adsorbed EO by lowering its partial pressure, the
aeration of the present invention also removes adsorbed EO by displacing it with the co-
adsorbate. This provides for more rapid aeration which can decrease turnaround time and
residual EO levels.

25 Accordingly, one aspect of the invention is the provision of a method for aerating
an article to remove sterilant residue. In a preferred embodiment, said method comprises
exposing the article to at least one co-adsorbate under conditions such that said co-

adsorbate remains above its dew point.
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alt hough not visible to the naked eye, are usually in the formof pores and
crevices in, the material; 5 k[err] an adsorbent constant for EQ k[err]
an adsorbent constant for the co-adsorbate; Plerr] partial pressure of EG

Plerr] partial pressure of the co-adsorbate; 5 f[err] corresponds

to the quantif"ﬂf? on a specific absorbent surface as a POREUBISFASEBf t he
partial pressure of EQ and f(P0O) corresponds to the quantify of

co- adsorbate on the specific absorbent surface as a function of the partial
pressure of the co-adsorbate. Looking at Equation (1), it can be seen that

if there is a co-adsorbate, C during 10 aeration, then the EO residue,

i1l be | ' " P\C d.Tef d.to.4.5
Egiélgw pureeEﬁf ;_&&‘F‘%ﬁ’f’?ﬁ?g?’%@gﬂ%ﬁi h;pf%é‘wgwe 32 Z%Tﬁﬁ%iwoﬁ?
an m r eshpve processy In dHprefevied embirimerit) the 200 IERD &m 0
a bl endpgf 4.5 iygm%gls)égr 5’9‘%%“ Si gf.?;mbl e g.m;f ﬁ?:FC— 124 pg?i
HCFC- 22 under Pﬁ’g sane corsl‘gilp oS, resﬁeaﬁafh%‘ar?ﬁﬂaﬁo&}mt%mllg T14 ppm

respectivel y. Sipplyirigosaid chambet with a coadsdisate} €@y evhduatingonieans fdr@uatiatingceapar ti al
pressure of, EO.remained the )sagﬂp}?tiit HCEC co- rbaSe reduced the, angunt

h d
of rosi dual® EOFBDP AT ¢ ESion eans.fof sceviating, the supply and vacuagen i an

enriched air i go-pisefbae inwand othef sd chainber; bhe (fPMEthicibnad MEREUbEInGtiuckhg idPS
while that of the co-adsorbatge remains the same. This shifts the adsorption

equilibrium aFEBRPPLDEADS q RFIHR AP AORHORPFocess Rfjone Ao JskRles: faihastionhe co-

20  adsor bat epiobesh autfifrisihg aOleast intiodcing=63-Msbrbark QushOftabA bftdidarliiepl aced by
t he co-adsor bat e.

Yet another aspect of the invention is the provision of a method of retrofitting
10  existing sterilization apparatus to perform the method as described above. In a preferred
embodiment, the method comprises reconfiguring the apparatus such that it injects steam
not only during the sterilization phase, but also during the aeration phase.

Conventional aeration methods and apparatus can be adapted readily to the method
and apparatus of the present invention. In a conventional aeration process, as described
15  above, air washes and continuous aeration are used individually and in combination.
Adapting these processes in accordance with the present invention simply requires exposing
the co-adsorbate to the article by injecting the co-adsorbate into the chamber during the air
wash or continuous aeration step.

Suitable co-adsorbates include any vaporized, non-toxic substance which has

20  sufficient partial pressure at the operating temperature of the acration step to displace at
least a portion of the sterilant adsorbed by said article. Preferably, the co-adsorbate
remains above its dew point at degassing temperatures. In a more preferred embodiment,
the co-adsorbate has an adsorbed partial pressure of no less than about 1/10 that of EQ for
a similar adsorbed concentration at degassing temperatures. Examples of suitable co-

25  adsorbates include, but are not limited to, steam, CO,, hydrofluorocarbons (HFCs), such as
pentafluoroethane (HFC-125), 1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,1,3,3-
pentafluorcpropane (HFC-24512), and 1,1,1,2,3,3,3-heptafluoropropane (HFC-227¢a);
hydrochlorofluorocarbons (HCFCs), such as chlorodifluoromethane (HCFC-22), and 2-
chloro, 1,1,1,2 tetrafluoroethane (HCFC-124); chlorofluorocarbons (CFCs), such as

30 trichlorofivoromethane (CFC-11) and dichlorodifluoromethane (CFC-12); halo-carbons,

=
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Therefore, rather than just renoving adsorbed EQ by lowering its partlal
pressure, the aeration of the present invention also renoves adsorbed EO by
displacing it with the co- adsorbate. This provides for nore rapid aeration
whi ch can decrease turnaround tinme and residual EQ | evels. 25

Accordi ngly, oW®9%R23#8tt of the invention is the provision ofPCI/UBEY66 f or
aerating an article to renove sterilant residue. In a preferred enbodi nent,
said nethod conprises exposing the article to at | east one co-adsorbate
under conditions such that said co- adsorbate remains above its dew point.
6 SUBSTI TUTE SHEET ( RULE 26) Anot her aspect of the invention is t he

provi si on of an aratu r the oV r.oce preferred
enbodi nent, the® gﬁ%&’ F: IL:%PJ r%ﬁ@f’%‘%ﬁ’y honsp, “@ pens W%ﬁ‘p‘ﬁ?’? s for
suppl yi ng sa| d chamber with air; g co- adsor bat e supply means for

suppl yi ng sai d chanibe Paffiquir selection gk enerpn more qamdserd aes&mﬁgummof

evacuat i ng. gasesindha, fok ot ik ARBBIRY and(Bk of RULAUIAMLTER S @ 1 29Ul ati ng

the supply and evacuation of air and ‘co-adsorbate Into and out of said
chamber; and ()implsPeptingithere-Adsoraaipintg wsnnmndrwsyszgms.athsaeff@gmnazsuoﬁﬂremeans

to perform an agiRbhon d%ﬁaﬁé £ hndPétfer ?o@ﬁm% t&hfarbandhch K85ALI

process conprising at l|east [ntfoducing Co-adsorbate during aerati h of
said article. Yammahiithespmpaiplisy wih Oﬁln@natﬁmtand)mwmnmmalppmﬁamhb’n bt mast

met hod of rerfig &%aaegs 18ecting e ThiaBebriskeNtl s d’ @g @i&n@%@%&&% ésgh & Qfidis he

met hod as descri above. In a preferre conpri ses
reconfiguring tFer expppleaaltheugh nsp m@ﬁ@tﬂ may displase E© momsaeadilpat ogiven petial ng t he

sterilization tHah bindies hatbhial B cbsb faf 6L h Ve %@4*

aeration rret hods and appar at us can g aglagﬁ @Ioir‘ggﬂgl 3‘%%@?912 I}%én ve
material may be more cost effective even though more of it is required. From the
perspective of ease of implementation, the preferred co-adsorbate is probably steam since
most existing sterilization apparatus already use steam in the sterilization step.

-
v

Preferably, the co-adsorbate is exposed to the article at or near its saturation point,
but not beyond. High partial pressure of co-adsorbate is preferred since the degree of
15  adsorption depends upon the partial pressure of the co-adsorbate (see Equation (1)). The
partial pressure, however, should not be so high such that the co-adsorbate condenses at the
operating temperature. Condensed co-adsorbate compromises the sterilization process and
can damage certain articles being sterilized, for example, electrical devices.

In many cases, the operating conditions of the aeration process are limited by the
20  materials being sterilized. As mentioned above, EO sterilization is employed generally for
articles that can not withstand high temperatures. Therefore, the operating temperature of
the EO sterilization should be no greater than about 250F. Preferably, the operating
temperature is no greater than about 200°F, and more preferabiy no greater than about

140°F.

25 In the case of a heated co-adsorbate such as steam, it should be injected into the
chamber under conditions such that the temperature inside the chamber does not exceed a
predetermined maximum operating temperature. This limitation caﬁ be observed in a
variety of ways such as by slowly injecting the heated co-adsorbate into the acration
chamber, by intermittently injecting it, or by lowering its temperature. In the latter

30  approach, the lower temperature requires a lower partial pressure to avoid condensation.
8
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and apparatus of the present invention. In a conventional aeration process,
as described 15 - above, air washes and conti nuous aeration are used

i ndividually and in conbination. Adapting these processes in accordance
with the present invention sinply requires exposing the co-adsorbate to the
article by i NYR¥PHY the co-adsorbate into the chanber duri¥JY%% wash
or continuous aeration step. Suitable co-adsorbates include any vapori zed,
non-t oxi ¢ substance which has 2 0 sufficient partial pressure at the
operating tenperature of the aeration step to displace at |east a portion
of the sterilant adsorbed, by said atticle. Prefenﬁgl .t%. ¢c0- adsor bat e
renai ns above%‘f"?‘?ﬁe‘&?ﬁ%ﬁf?xﬁfe ScRETHRL BTeRRTS BAYEYSL ‘&é?“ﬁ Feﬁmﬁ:B‘?séaspreferred
enbodi ment, t RRecfiseda@er.bate has an adsorbed partial pressure of no |ess

t han about 1/10 that of EO for a sim/lar adsorbed concentration at -

degassi ng temper at W fifinifig ERbABrAle o U babl Sarfitiorefor a cikPlehipirgfrd 1nfikyIde,
but are not limted to, steam err], hydrofl uoroca_rbon;é‘i FCs), such as

pent af | uor oet Weerpartisipressupef the coradsorbate o tAss knaying dncrraiag theppantiakprassure of a
1,1, 1,3, 3-. pe | ; hggﬁgm : ! . even though
1,1,1,2,3, % 3-%@& a Fﬁg%%%?g%gﬁe (HFG 22%5‘5’%?%#%?3%% 'g’rxecl;?floﬁo%car bgns
(HCFCs), such high pettiabprsshutes mesuls ik highas coabgormtion Ajee Foraula (1)) pely pressure may
tetrafl uoroet Qﬂgg?&ﬁgﬁg @ tionChi or of | uorocarbons (CFCs), such as 30

ane (‘

trichl orofl uorone -1 1) and dichl orodifl uoromet hane (CFC 12);
hal o- carbons, 7 SURSTI TUTE. ET (RUL 6 LSUC br om. .
i odi nat ed hydr ocar bvﬁgple%%f’n%ﬁogﬂé"%fy ngotge?%%‘ E%%Hélgeloég. x%%he
particul ar selppsférreiiranfe cipertial pressues and rhperatued efixhelepadsckbatapeed. Ahisar i ety of
criteria,_for exanple, .the ,availgbility.and cos f.th :adsorpate, the
ease of ihPl erﬁ’ﬁﬂ’{q’gﬁu‘{"ﬁ\%%m %ﬁ&#%dg%%ﬁwﬁaeér?ﬁ”ﬁ@%%tgﬁs, t he
ef f ecti veness eRimpibSstéafr at 200oF and 140¢F has saturation partial pressures of about 11.5 psia and

2.9 psia, respectively. Therefore, in the preferred embodiment, the partial pressure of

steam should be maintained at or below these levels when the chamber is maintained at the

=0

corresponding temperature.

15 The apparatus used to perform the process of the present invention is readily
adaptable from conventional sterilization apparatus such as those manufactured by Steris
Corporation (Mentor, OH) and Getinge Corporation (Rochester, NY), and from dedicated
aeration apparatus such as those used by medical device manufactures. Referring to Fig. 2,
a sterilization apparatus 100 of the present invention is shown. Like any conventional

20  system, the apparatus 100 comprises a containment 101 having a door 102 that provides
access to a chamber 103 in which the articles to be sterilized are placed.

For the sterilization step, there are EO and steam supply means 106, 107,
respectively, for supplying EO and steam to the chamber 103. Such means are known in
the art and may involve systems of fans/pumps, heat exchangers, valving, filters, and

25  connective conduit. Evacuation means 108 are used to evacuate the EO and steam from the
chamber. Again, such means are known in the art and include, for example, vacuum
pumps, valving, filters, and connective conduit (see also U.S. Patent 4,770,851 fora
description of a suitable sterilizer).

The aeration step of the sterilization process is performed usually by hospitals in the

9
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5 adsorbate in displacing EO and other properties of the co-adsorbate
such as toxicity, flammbility, conpatibility with other materials, and
envi ronnmental acceptability. In nbost situations, selecting the co-adsorbate
will usually involve optimzing these various criteria. For exanple,
al t hough on&m#Bastal may di splace EO nore readily at a giregnuspecsdoal
pressure than another material, its cost may be prohibitive. Accordingly, a
| ess effective 10 material may be nore cost effective even though nore
of it is required. Fromthe perspective of ease of inplenentation, the
preferred co-adsorbate is probably steam since nost existing sterilization
apparatus al ready use steamjn the sterilization step. Preferablg t he

i

co- adsor bat e St ehamberay thestariizatgn step; andy wedigak devicemanyfactwrers inahdifferenk | but

not beyond. lgh@buRar Ndvadthdlise thdbARicpps i QbRAsEreninl 1R @k e hisipps t he
degree of 15 adsor pti on depends_upon the partial pressure of the

co- adsor bat e Meaesel 134iRply B chapyber 16hwith aire iSuch peass sy eomRBHARE conveRiRIRl not
be so high syreli Aftachivagy wﬁdsmaﬁhﬁjﬁeé%&%ﬁ@ta&g%?@ﬁ%tﬁﬁgn ocess

tenperature. Condensed co-adsorbate conprom ses the | )
and can danad@MREEayres, theApparatle sangaslpde heating meansduc a5 fanexample, in eqilscal

devices. In mﬁcege%@,owfs@&n%&t imﬁigs:g,n&iéséﬁpﬁm @ow&‘qﬁc@&%ﬁgér&a&gﬁess

are limted by t materials berng sterilize As “iment 1 on ove, EO
sterilizati odeket ldfipl oyed generally for articles that can not withstand

hi gh tenperatures. Therefore, the operating tenperature of the EO
sterilization shoS8ince theentiye stexilimation piocsss adnotake Phohp Fme Prypicaitypdtoyt 800he

operating te Le | than, about 200aF nd .apre preferably
o o eat or ¢ B Sp foleh, B8 8 s e Il m i aP SRR LrBalie
co- adsor bat e asd pfessaees dommgthisiperisd) ahs shphruis iy wadiBchutdmiated, MEhedhjaedoarof Bader
conditions sugh that. the,te ratu i nsi de the chanber do ot exceed a
or edet er mi nedCABAPGATIES &P acﬁqlonﬁbger ?%47%‘8? éme“tﬁ‘fﬁ?aﬁl‘?"rﬁs tcﬁ'g@gﬁd g&ﬁegBégm
obs e(r]I vedbi n agleanswmtwtypkalwmﬁh n%anh)prﬁdess?dgyunit_r(b?w illllg TheChUdt behay
co-adsorbate . ntpo the aeration c er intermttently injecting it, or
by |owering iPFd $%H (ﬂ’&“tefﬁpé.orlarfo["ﬁg@%l”t ?@%Wsﬁm’ c‘élﬁg’f"ﬁagé%?p?’h%“"i 6‘\’&%}“@’
t enper at ur e reengeolles Svork ktanvng maiy frirmd ofthe HEd) I Such CRUAGIré lasowndiat Riseodrt. OThe

15  CPU 111 receives instructions from instructional means to control the various means to

perform the sterilization process as described above. Typically, the instructional means is
memory 112 loaded with a program of instructions. Memory 112 can be any computer
readable medium, such as RAM, ROM or PROM, capable of containing such instructions.

The sterilization apparatus described above is basically conventional. The apparatus

20 of the present ix}vention provides for the injection of a co-adsorbate during the aeration
step. In the preferred embodiment, the co-adsorbate is steam, which is already used in the
sterilization step. Accordingly, using steam as the co-adsorbate avoids the need to
incorporate another co-adsorbate supply means 107 in the apparatus. With autdmated
apparatus, the only change consists of a modification to the instructional means resident

25  such that the CPU 111 injects steam not only during the sterilization step, but also during
the aeration step, Such a modification would be obvious to someone skilled in the art in
light of this disclosure. For example, it may involve up-loading a new program into
memory 112. The program may be adapted to function on known and anticipated
operating platforms, and may be stored on any computer readable medium such as, for

30  example, a disk, tape, CD ROM, RAM or PROM. Alternatively, madifying the CPU's

10
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8 Lowering the co-adsorbate's partial pressure, however, reduces its
ef fecti veness as “di scussed bel ow. Maintaining a co-adsorbate at or bel ow
saturation for a certain tenperature limts the partial pressure of the
co- adsor bat e. ' nown, increasing the partial pressure of _a 5 vapor
noves it closgéﬁ?%§?%s dew point for a given tenperature. THETEIS3¥2865% v en
t hough high partial pressures result in higher co-absorption (see Formul a
(1)), such pressure may al so result in condensation. G ven these
limtations, one of ordinar skill in the art can readily determ ne the
prefered range of partial pressures and tenperature of the co-adsorbate

used. This 10 ; iSal e &s iny ihvdl | . .
co- adsor bat e’ Smracﬂ_‘;cégﬂ di ;gr_er{%? I.F\?)Jr e aﬁ%+%?h?£§%§§pﬁgg%%tﬁggiwgﬁ has
sat urati on parappepnplesetl istugoagbout 11.5 psia and 2.9 psia, respectively.
Therefore, in the preferred enbodi nent, the partial pressure of steam

shoul d be mai nt ai ndnl other embodizhenty dfhisssyredett/iabéntioh &fvolvit, Edrarinple, dther the use
mai nt ai ned at tthe&g&é'r eazBO{l%ign te%r ture. 15 ) The, appar at us used
to perform the®d® Qna, pr aﬁY"e‘s‘E OLPRiG et the Hse of dedisated 3Eratign PRASINS f r om
conventi onal  SkavinglroZGkinGUppiy MR} the ideibration b 05-8dsaRsatf Aeply hitehd 07 eri s
Cor poration (Ment.or,, Oék ang Cet i r]%e Corporation (Rochester, NY), and from
dedi cat ed aer SRRy ERH REeYanodE kpew igie aganddnclyfe, for example,
manuf act ures. pledseriied anke with gegufitoraalingl i | i zati on apparatus 100 of the
present invention is shown. Like any conventional 20 system the
apparatus 100 conprises a contai nnment 101 having a door 102 that provides
access to a chanber 103 in which the articles to be sterilized are placed,
For the sterilization step, there are EQ.and steam supply neans 106, 107,

10 The comparative and illustrative examples below show the effectiveness of the
aeration techniques provided by the present invention. In these examples, a conventional
30 ft* sterilizer was used to sterilize and aerate PVC tubes. PVC is known to be difficuit to
aerate and has been used frequently as a component material in medical devices. After
aeration, EO residue was measured. Aeration is considered satisfactory, under current

15  standards (1978 FDA recommendation), if EO residue is below 25 ppm. Data from the
sterilization and aeration steps is presented in Table 1.

Table 1 - Example Summary

STEP Comparsative Mustrative

: Example Example
STERILIZATION
Prebeat
Time (min.) 1.1 11
Temp (F) 121 121
Pre-Vac
Time (min.) 14.2 15.0
Humidify
Time (min.) 39.4 333
RH (%) 45 45
Gas Charge
Time {min.) 8 8
Conc. (mg EO/liter) 435 435
Amount (Ib gas/cycle) 8.1 8.1
Sterilize
Time (min.) 180 180
Temperature (°F) 133 133

11
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respectively, for supplying EO and steamto the chanber 103. Such neans are
known in the art and nmay involve systens of fans/punps, .heat exchangers,
valving, filters, and 25 connective conduit. Evacuation nmeans 108 are
used to evacuate the BO and steam fromthe chanber. Again, such neans are
known in the WO®9338# i ncl ude, for exanple, vacuum punps, vRCGIVURIS26680 ters,
and connective conduit (see also U S. Patent 4,770,851 for a description of
a suitable sterilizer). The aeration step of the sterilization process is

performed usually by hospitals in the 9 sanme chanber as the
sterilization step, and by nedical device manufacturers in a different
encl osure. Ne(CPEEEt®EE, 118 DASIC apparatus O aelarom remaid (ne sang.

Air supply ne
conpri se any
chanmber 103 at}

M@ supply the chanber 103 with ai Such nearls, pay
feP-dnal filtered air delivery svs éﬁ1 Io nmj hﬁ the

Aredeon ed operating 5 tenperatures} the apparatus can
I ncl ude heati qoAin®asks, such as, for exanple, interngal coils, hdating
strips, and ste?

iBkets. In Fig. 2, the appar at us :tgo i s depi iséd havi n
a steam j acket] (es ince the entire sterilization pgpcess can ftgake a Ion¥
time, typicalljyg i®P0 to about 900 m nutes, and}szece the chesoer
shoul d be mai tamd-emn)spemflc t enrper at ur es 10 3@ pressuresz-s uring
this period, th%ﬁ ﬂ%m(gg‘ i's usual ly aut omat ed. Th{ }‘g;f‘uj ection p&; O, stegm
and air into thgm @@ dwbMei r subsequent evacu;tm,on is cont sl |l ed by
regul ati on nedns huhggpml |y conprises a cent ral ocessi ngltuini t (CPU)
111. The CPU %f' fRt e ) OCessor , a ¢ i nation oﬁ“’
processors, cdnffi ': 5p o et contr Jher, work 3@t on,
main frane or [t BRindeledRak SHR hbwaare knovvn in the amyoa The 15 | 90@PU 111
recei ves instrj mejmwmgmesw@mmtnl onal neans to c¢itrol the vp#i ous nears

to Total Cycle Time 730 590
Average EO residue : 95 2
Comparative Example

This example illustrates a known sterilization procedure performed under optimized
5  conditions. The aeration step of this sterilization procedure constituted air washes. The air
washes comprised a series of fifteen minute cycles of pulling a vacusm and repressurizing

with air. The temperature was maintained at about 132¢F.

After a total air wash time of 484 minutes, EO residue on PVC tubes is reduced to
95 ppm.

10
Nlustrative Example

In this example, steam was injected during air washes as detailed in Table 1 and 2.
Steam was introduced intermittently so that the chamber was not heated to a temperature
that would damage the medical devices. During each air wash, a cycle was repeated in
15  which steam was injected for up to 0.5 minutes increasing the chamber pressure by about

0.3 psia, then tumned off for 2.5 minutes. These cycles were performed 21 of the 23 air
12
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performthe sterilization process as described above. Typically, the
instructional nmeans is-nenory 112 | oaded with a program of instructions.
Menory 112 can be any conputer readable nedium such as RAM ROM or PROV
capabl e of containing such instructions. The sterilization apparatus
descri bed abd¥@%¥84Yasi cal |y conventional. The apparatus 28CT/USI26468
present invention provides for the injection of a co-adsorbate during the
aeration step. In the preferred enbodi nent, the co-adsorbate i s steaxn,
which is already used in the sterilization step. Accordingly, using steam
as the co-adsorbate ’?d'\{'gtL‘gs t he need,t o incaorporate another co-adsorbate

suppl y means H#shes o phasERMIvas jiected during. the dast ByoAF washes toallew for the

change consi StgméVal &f mbistufel réMbiniig it MaleAfls hfdhhnSdr iveidtdpadk® 2R WARRI dent 25
such that the CPU 111 injects steamnot only during the sterilization step,

but al so duri reRerRucE s McEased e 1398 o BSiHdi i cati on woul d be obvious to
someone skilled in the art in light of this disclosure. For exanple, it may
i nvol ve up- | oadi ngAftervetatad pis grasintiine ohonke MSr minttes) EOrtesidpe oy PHG tuiry isbe
adapted tocfu ':gpm 0 g@krﬁ | £ d rating may
be stored 8n gﬁhyd conggtpé?"\rhgglgab e%ﬁaég@%bg\u%ﬁ&gg%’%%ﬁ%%oﬁ%

di sk, tape, CBhdRQ0|hoRaNRlinwWiERON cycles parday fovbelnyn omtheisfeyilivey. ThieaiCRakhscyiie

. pe. CB . ekt e b ThigsicRct
cont abni ng t hd® ISRy Reu iR, Bl bR bin S ATER 8%, (e

present inventlower. i nvol ving, for exanple, either the use of an additional
or alternative co-adsorbate, or the use of dedicated aeration apparatus 5
havi ng no steam supply nmeans, the incorporation of co-adsorbate supply
means 107 is required. Such supply neans, however, are known in the art,
and include, for exanple, pressurized tanks with regul ator val ving.

13
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EXAMPLES 10 The conparative and illustrative exanpl es bel ow show
the effectiveness of the aeration techni ques provided by the present

i nvention. In these exanples, a conventional 30 ft sterilizer was used to
sterilize and aerate PVC tubes. PVCis known to be difficult to aerate and
has been used@9983#dntly as a conponent material in nedi caPCHESPBR®BE After
aeration, EO residue was neasured. Aeration is considered satisfactory,
under current 15 standards (1978 FDA recom‘renda‘thTr)‘—H-;Engesidue S

LT T e A

Conparative [l1lustrative Exanpl e Exanpl & STERI L Pr eheat
Cramvs

Time (mn.)

Tenmp (oF) . 121 121

Pre-Vac Tinme 1S CLAIMED IS: 14. 2

15.0 Hum dify Tinme (in.) 9.4

33.3 RH (% L A method for aerating a chemically-sterilized article to removeggp:dual stenlant 45

Gas Charge Ti . 8

8 Conc. (ngy E@f‘ { er 5 )c,ompnsmg. 435 435

é{ne)lrj In]t i glebsngﬁzl ??/nCl % sing said article to at least one co-adsorbate under %onldmons such féaé said &o-1

180 adsorbate remains above its dew point, said co-adsorbate having a partial
pressure under said conditions sufficient to displace at least a portion of the
sterilant adsorbed by said article.

10 2. The method of claim 1, wherein said co-adsorbate is selected from the group
consisting of steam, CO,, HFCs, HCFCs, CFCs, and halo-carbons.

3. The method of claim 2, wherein said co-adsorbate is steam.

15 4. The method of claim 3, wherein said operating conditions comprise a temperature
no greater than about 200°F and a partial pressure of steam no greater than about 11.5 psia.

5. The method of claim 4, wherein said temperature is no greater than about 140°F
and said partial pressure of steam is no greater than about 2.9 psia.

20

6.  The method of claim 5, wherein said partial pressure of steam is at about saturation.

7. The method of claim 1, wherein said operating conditions comprise a temperature
no greater than about 140<F.

14
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Tenpéerature ([err]F) 133
133 11 SUBSTI TUTE SHEET ( RULE 26) Pr essure/(,psi g)
1.5

s RO A Wash Tinme (mn.
Z%g wo 99/332342 E;e gprltE gs ( rg\\\\\‘\\\\\\\\\\\}\\\\\s\\\\}\ x.’crmsssnssso

12. 6 12.8 Pressuize {mn.)

3.0 2.4 Time per Cycle (nmn.)

454 8. Ths et B B £ Pl e g e  parial pressure at sbout
Nl A saturdtibh. St eam | i ne pressure (psiQ)

N A 18 Estimated steamline tenp. ([err]F)

N A _ 260 Estimated change in chanber pressure during injection
(psi) NA 0.3 Estimated % RH [err] air wash start

N A % ' Eﬁuﬂn egk .2 | L die ASHA :
N A 9 3"3‘%“@"@? r IP\N?E c;;c es g\Msggha%‘{le St earﬁo‘adsorbm c?mpnm
31 S  perforRingonabr nsairtvashes until sterilant residue is reduced to a predetermined
;go level,S ig_agd é}/ %&&ecoﬁ&i&ﬁéé due

injecting air and said co-adsorbate into a chamber containing said article; and

evacuating said air and said co-adsorbate after a predetermined period.

10  10.  The method of claim 9, wherein a plurality of air washes are performed and at least
the last air wash performed contains no co-adsorbate.

11.  The method of claim 10, wherein said co-adsorbate is steam.

15 12. The method of claim 1, wherein exposing said article to said co-adsorbate comprises
performing a continuous aeration until sterilant residue is reduced to an acceptable level,

said continuous aeration comprising:

- continuously injecting air and said co-adsorbate into a chamber containing said
article; and '

20 continuously evacuating air and co-adsorbate from said chamber at about the same

rate as said air and said co-adsorbate are injected into said chamber.

13.  The method of claim 12, wherein said co-adsorbate is steami.

15
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Conpar ative Exanple This exanple illustrates a known sterilization :

procedure perfornmed under optim zed 5 conditions. The aeration step of
this sterilization procedure constituted -ai+—washes. The air washes

conprised a series of fifteen mnute Tl ml ng a vacuum and
repressurizi "yoOW3IMair. The teﬁper\mm%mﬂwm i ned at PR{DGUR8Z6HQ F
After a total air wash tinme of 484 s, EOYesidue on PVC tubes is
reduced to 95 ppm 10 Illustrative Exanple In this exanpl e,  steam was

injected during air washes as detailed in Table 1 and 2. Steam was
introduced intermttently so that the chanber was not heated to a

t enperat ure that &Egﬁw i : ]'#ﬁ?ﬁu lkdy-each air wash, a
cycl e was repggt e\(lj\ﬂth I C géqtﬁgg%?é\ivasgegé jectse%rhr o?g Ip to 0.5 mnutes
i ncreasing the cha%nessure by about 0.3 psia, then turned off for 2.5
minutes. These cyct&@REFe perforned 21 of the 23 air 12 washes
conducted. No steam was_i nj ecéﬁg during.the last_two air washes to all ow
for the renpval of AFSHPEIYUR@NS ?H#W%Ff’?b&{"@?ﬁ%ﬂka‘&nd chamber voi d spaces.
Air wash tenperature was increased from 132[err]F to 135 err]F. After a
total air wash ti nmeo-adsomate purpliomedns ferswpplying said chambep withecondigehata,s 5
reduced to 12 ppm Well within the 1978 FDA guidelines, with a total cycle
tine of |ess than gRching mesls forévacuatinggapcirem sgidichaabert o be run on the
sterilizer. This air wash cycle is not only 2 hours shorter than the

conparative exanpl guauRiin AbahS fdripuidank A Wpgly lafd SRcfoR BB iir and co-adsorbate
into and out of said chamber; and

instructional means for instructing said regulation means to perform an aeration
process of said article, said aeration process comprising at least introducing

10 co-adsorbate during aeration of said article,

15.  The apparatus of claim 16, wherein said instructional means instructs said. regulation

means to regulate said chamber under conditions such that said co-adsorbate remains

vaporized.
15
16.  The apparatus of claim 16, wherein said co-adsorbate suppls; means is steam supply
means, '
17.  The apparatus of claim 15, further comprising:
20 heating means for heating said chamber to one or more desired temperatures.

18.  The apparatus of claim 17, wherein said conditions comprise a temperature no
greater than about 140°F and a partial pressure of steam no greater than about 2.9 psia.

16
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13 1. A nethod for aerating a chemcally-sterilized article t
residual steilant, said nmethod conprising: 5 exposing said article
to at | east one co-adsorbate under conditiens-such that said co- adsorbate
remai ns above its dew point, saiﬁ iEVi ng a partial pressure

under said cOHMPBRs sufficient !Mﬂmgﬁg[m east a poPCrUNIsEEshe

sterilant adsorbed by said article. 10" s s«the nmethod of claiml,
wherein said co-adsorbate is selected fromthe group consisting of steam
[err], and hal o-carbons. 3. The nethod of claim2, wherein said
co-adsorbate is steam 15 4. The met hod of claim3, wherein said

operating congitiops ¢o | se temperature..no. greater than gbqgut 20QF and
a partial presSur é‘{] W&gﬁéﬁgﬁgﬁi&gﬁ?@?m@ﬁ&ﬁh gtap%%" 6%'8&?" d comprfing:
met hod of claim4, wherein said tenperature is no greater than about

140[ err] F and sai PTp4fing a Foqyprrang! steriligation apparatys ¢ampsisiagt er t han about 2.9
psia. 20 6. The nmethod of claim5, wherein said partial pressure of
steamis at about satur#&hamher; 7. The nmethod of claim1, wherein said
operating conditions conprise a tenperature no greater than about

140[err]F. 14 8. sttHantnsappie cheads fot Ripplying seldeh@hber SWihGtedtangdsor bat e has
a partial pressure at about ‘
5 air supply means for supplying said chamber with air;
steam supply means for supplying said chamber with steam;

evacuating means for evacuating gases from said chamber;

regulation means for regulating the introduction and evacuation of air and
co-adsorbate into and out of said chamber; and

10 instructional means for instructing said regulation means to perform a
sterilization process of said article including sterilizing step and an
aeration step; and

reconfiguring said instructional means such that

said aeration process comprises at least supplying said chamber with steam
15 during said aeration step under conditions such that said steam remains
vaporized.

20.  The method of claim 19, wherein reconfiguring said instructional means comprises
installing a new ROM chip comprising instructional means for said sterilization apparatus
20  toinject steam into said chamber during the aeration step.
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i'nto” and out of said chanber; and instructional means for instructing said
regul ation nmeans to performan aeration process of said article, said
aeration process conprising at |east introducing 10

co-adsorbate during aeration of said article. 15, The appargﬁg ‘% cl aim
16, wherein SaPd ’?ﬁ%‘tructl onal neans instructs said. regul 3T %ﬁ?g s to
regul ate said chanber under conditions such that said co-adsorbate renains
vaporized. 15 16. The apparat ug of 264 ai m 16, wherein said co-adsorbate
supply means is steam supply nea&s. 17. The apparatus of claim 15,
further conprising: 20 : eating nmeans for heating said chanber to
one or nore desir¥d ft.enper gt ufes. - The apparatus of claim 17, wherein
said conditions c [
a partial pressure

r than about 2.9 psia. 16 19. A
met hod of rtetrofittijng: @n gxi $tiWg-sferil-i zation apparatus, said nethod
conprising: providing a conve n Nalt sterilization apparatus conprising: a
chanber; sterilant {supply" neans-fof sUppTyrng'sard—thanber with sterilant;
5 air supply neansy or ~sappl ¥i ng sald.chanber with air;

th evacuati ng neans
for regulating the
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ce~atisor bate into and out of said chamber; and 10 r-w:j.,
I nstructional nmeans for instructing said regulation neans to perform a
sterilization process of said article including sterilizing, e and an
aeration step; and reconfiguring said instructional neans S ““f?- sai d
aeration proceCHOnpri ses VARLDIRIELECTUALTROGRTY GraiIZaMBhanber W st eam 15
during said aeratlon ste ch epmal ns
vaporgzeél“'l'@@)I %ﬁ@{kﬂ?ﬁnﬁg i {@Bgéﬂﬁ &ﬂ%ﬁﬁ&ﬂﬁﬁ%ﬁéﬁﬁ%ﬁ

i nstr JGI)IImhMﬂEGﬂSCmM $es instpllilog raermmﬂ@mmm@ﬂprl SiWQ 99/33494

I nstryct iagmabmooeans for said steri Mcltl)ggwrﬂ% aratus 20 to inject steam
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