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55 The concentration of chioring dioxide gas employed in conjunction with the foregoing humidification
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pol yet hyl ene, pal tierabtaigd Erinkdesr whicht ietiow pRndrd Gpspbiesivas ofsépgree PEB. shibtlis o4r, niger were
pol yur et hane, primleyi\as Wysicatied dip dlacdd aral Datsly iy J. App Badteriol.. 8] 89\(1989) wiéil i® Incalorated herein
pyrol ytic andowielereaa Sest pareosidps faSncubation vonespared by siding §.29m otk metherolia Juspegsion
silver, titanifdlesporentpst xB6 wavdyipdof prasieytized Viatman 3 roe peper inglasePeir digties. The papers
st ekid i zat i orwese vaseussdrisf (30HMis. &t A Chand @R kRac@S ind Ha)) ane kepkpl aﬁyeet terapetpiues gnd hyraidity
articles cont@-3e®. /96 Cﬂlﬂﬁ!ﬁ W'@Uﬁl Biler fosuspelingsease ag gn 538 SN PrRPRPY I e way was

di oxi de, and TPP@F'@F‘H'MI‘)”‘ aé % |ch Is al sg perneabl e to noisture. For

exanple, tMs Mﬁ@b@ % |1I8|xz?|§ jo smail cups.

uspenslon of
i npl enent s % r tu g] ﬁ%ﬁk%&é and humidity
h cu

non-sterile c% g’ﬁs °°"Rs at
mat erTal s ar el ,,. b el g,atnsg.

A
and uncoated p a er p astlc S et n or| ne di oxi
prepared by- agyAmp‘ ghihe net hods knovvn |n the art A preferred met hod

I nvol ves passrrrg—a—st reamof air diluted chlorine gas or nitrogen diluted

chlorine gas at agof@hes- ﬁ&ké@&adtm&&téa Hiagk w8 lobtiipe@ tnitd & BRbYiIng el nfagiblis! Birring.
chlorite, andad ilePtuBe RAhirbgah lgis BiREANINCE 48 WA MMiter B nBSIRCRNG nas Hlitibried so that
di scl osed bk hitrogew bdiid eCatimitled bSIGW ARNsuridd BEHHE Peactio @lixtur@ An ditlet b6 wad Sfuipbed with a
whi ch | s i ncofgaas ahedanaqbsiidted o thatf gas eslicbe aflovesdae pabs Iraintiisiog oiié heactioh agssel into
gener ati ng chineetppgureiesssl.de gas is the reaction of sodiumchlorite

sol utions in tha 200Eemcgkse reattion kettksequippedorit aceisaatcapperd po a tnnogeten iatrbidletzand outlst
di | ut e sol ut i ponis whs eropkeyed: ss #ie expodtis %P THEQUBTubeof the $000mi fiesk was ¢antestet] ¢ the inlet
treated w th porichitheterposwé vassebn of aqueous sodium chlorite at anbient

t enperatures, i Inea typigal nnChq €100 ul flask was chatged with 108 awlioban & gauspus sgdium chlorite solution
Rosenbl att et UTEIP!’ nitgpgeropll of tEhaives were closerand ¢ sohiany of zﬂﬂé’ pesguligtein §P0 il water
chlorine di oxWefcadgachdsenyiservith wliiagh Theyreastion niXtunef@ (stirred T AGvE minyles &t 27 Cdeycomplets
reacti on may be _

5



adj usted by external heating or cooling. 5 The desired anmount of

chlori ne dioxide gas |Is admtted into a suitable exposure chamber which
preferavy has been partl al’l y evacgptersg 6o®B1whi ch contains the objects to
be sterrlized. The chlorine dioxide gas is admtted into the exposure
chanmber in adm xture with a carrier gas which is inert to (i.e. nonreactive
Wi t h) chl othé genstitienxéfdke ehloripghdioxidsraas rfine saldtivenbumidhly ohthe chlorine digxiflepgas generated by

st eri | i zat thefereguingprosadure weabout88%. pressure nmay be adjusted, i.e., to near
one at nosphefte exgosue phambergess loaded with 86 saprecentad napesrsiripg 85 aluminurp fell cugs, eapty
of the expersined e B@i"'d‘{ahﬂ'a% Bisqithe Toa spepoqoaipd PRRg sltien &g aluminuem gl gunsiyere
chloriné dP’&B@I’%‘ém&'rfﬁet\‘ﬁ“B'?rféﬂ’e of$, 0frSPorps.of By sybiilisy ‘E“ a"B?’ d&f"l"beﬁ‘}'fé’aﬂﬁ/hh f&8%ed

chlorine dP¥%%if V“t 5 °b5‘§ys n"‘? ﬁ‘?"ﬁ‘ﬁ‘@:ﬁ Ef
i T *@5@ %,m ﬁgy o *"ﬁ*'%%ﬁf ek e
kg

ano

vari ous st é Ci:ﬁr%/\ﬁee 3 {hg Qfgmasoi he

st andar cP

M cr ochen ° he ves nod@ity (sBGipiét BP Riae G b82lod dtfe
exposure cm ﬁre'@.ﬂ Q'OP% a¥-H 3{%6&’ . J’Qépﬁunv 59:m@mﬁaq§oxtdh heertYdtibr ' s
The vol umeydplmiy 1% eﬁo&&Wﬁe@ne 41 CRROEHR 9,085, §80E(19Y8]. Wfidr 180 hrfiites had elapsed
concent bAt 110 Bridkph6rdiwak sapicd 2B, 6 dxBosiEERaRBAP WM i @vactdiy dRk FBRAZANVAM Gitdred ai.

preferabl YTﬁéD&rh&ﬁﬁdﬁdanatreﬁllhﬁ SRBO e rBShetod A AlambbowR ihorll il SheCORBRY énoved
peri od. ThgndsididriRdRndidRs.ents are Injected into a suitable container, i.e.

a cyvette, hahélpapgr sMipsMRRIR§Ptical) PanViokddI TR in6ilid@abes binypticslsd sy bFothoht iricGbate@at!| t
in a chlorarie. PBsetiationt Ae daerme el frédonsd- Gl @pRctesitspd lgiiwth Wiré @fade afep 2 and#8 of
t he reaed i hours. Thvse aibsowiicindie nal fshdwhgrowty kit i48 hourt were inaybiated fior oo weskaud bissaybd
| s nmeasur eevenrgd tbire Howmomit waa tobserved éftec brieavesk) the dirip weslecaldsdes negatve, aristerilized.
ref erence cumiite ekpasuneethidalls mary trgmsfepsd Intoyindikidualcdtalyes eohtainings20rhicof sterilp wefer ardiea -
wel | . knownfewclasy berds. After vigotohoshekingf to gistatigezand guspend thehspores. 9 roliohite gesperpior was
spores’ of plered it duplicaiechnt acefate o typfiFeserao agsin e alates were inpheter @t $ME asf pbiepvey es
sterilizs ngeser@néebmmﬂ@w% sigps. Apareprita coniipioskipg andyfalls werp reRfof thpe determipgiions.
speci fic eXtafyicane eick® spegificiung is| sypmalizeding TRkl basdhearpRiRsid®us subtilis var.
ni ger (ATCC 9372). The dry spores of this organismare known to be
extrenely resistant to sterilization and have been often used to neasure
the effectiveness of gaseous sterilizing agents. See, e.g. P. M Borick and
R E. P&bper, The Spore Problem in Disinfection, MA. Benarde, Ed., Marcel
Decker, Publ., N.Y. (1970) at pages 85-102 and A M Cook and MR W Brown,
J. Appl. Bact., 28, 361 (1965), the disclosures of which so are
i ncorporated herein by reference. Therefore, a given concentration of
chloringgdi oxide may be rated effective as a sterilizing agent if an
initial popul ation of [err] - [err] spores showed no growth on the nutrient
medium after nine days observation foll ow ng exposure to said
concentration. In the detail ed Exanples which follow, standard suspensions
of spores of B. subtilis var. niger were prepared as described by Dadd and
Daley inmpJ. Appl.Bacteriol., 49, 89 (1980), which is incorporated herein 35
by ref erence. Test paper strips for incubation were prepared by adding 0.2
of a nmethanolic suspension of the spores to 7 x 35 mmstrips of
pres\f“e’rl lized What man 3 mm paper in glass Petri dishes. The papers were
vacuumdried (30 min. at [err] and 95 kPa (28 in. Hg)) and kept at anbient
tenperat®ire and humdity (20-30 C, 40-60%relative humdity) prior to use.
The spore | oad on each strip prepared in this way was approxi mately
1.4x[err] spores. 40 Metal foil test pieces were prepared by fashioning
18 x 28 mm square alumnumfoil into small cups. These were sterilized in
gl ass Petri dishes. To each cup was added 0.2 ml of a nethanolic suspension
of the $Pores. The cups were dried at anbient tenperature and held at
anbi ent tenperature and humidity prior to use. The spore |oad on each cup
was approximately 1.4 x [err] spores. The practice of the invention will be
further illustrated by reference to the follow ng detail ed exanples. 45
EXAMPLE 1 A 1000 m 2-necked round-bottonmed flask was equi pped with a
drioppi ng funnel and magnetic stirring. An inlet tube for nitrogen gas
equi pped with a glass wool filter and a needl e val ve was positioned so that
so nitrogen could be admtted bel ow the surface of the reaction m xture. An
outl et tube was equi pped with a needl e val ve and positioned so that gas
could be allowed to pass fromthe top of the reaction vessel into the
exposure vessel .



A 2000 m glass reaction kettle equipped with a septum capped port, a
manonet er, and inlet ang outlet ports was enpl oyed as the exposure vessel.
The ‘out{ et tube of the 1000 nm flask KB 89 H§B&led to the Inlet 55 port of

t he exposure vessel. In a typical run the 1000 M flask was charged with
100 m of an 8% aqueous sodiumchlorite solution under nitrogen. Al of the
val ves were closed and a solution of 2. otiassi um persul fate in 100 n

of water was added dropwi se with stirring~—3he<reaction m xture was stirred

for 30-45 minutes at [err] tECHEORINE OIOXIDERSTHROA BOOrRiNt he generation
of the chlgrine dioxide gas. The relative humdity of the chlorine dioxide

gas generated by the foregoin pr@ﬂmnrme was about 60% Rewakgosure
chanber was Ioééﬂ!ﬂﬂﬁh 3-6 s&ﬁmer stri gEEpsl UrRolinQuns
cups, each contaied In an individyg glass Petri di %?/6 The spor§-§oat ed
paper strips and glum numfoil cups were 5 prepared from net hanc(llc
suspensi on® of spdres of B. subtil il in the manner d¥&ribed orPAfage 11.
It has been repordded in the literatage that exposure g nethanolg fpy
enhance t he sensi%i vity of the sporgs to chenosterilization. The 'chanber
was swept with nifrogen, closed an®X hen evacuat ed ( ox. 95 K# (28 in.
Hg)). The outlet ®alve on the tube d4eading fromthe rogmcti on vessa was
opened, and the agount of chlorine @ oxide gas admtted fromth action
vessel was cont r'om)ed by foll ow ng 3ghe i ncreased preslsfukre 10 rycﬁengs on

t he manoneter. Thé outlet valve wad0l osed and the p$sure in tly6 exposure
vesgel was then bgought to one atnggphere by admi ssi gof ni_troqja . The

at nrosphere I n the_exposure vessel was i mredi ately sa(rygl ed by rendval of
0.5-2.0 m%of thelgt nosphere by medds of a gas-tight BARinge vi‘PAthe
septum The chlorige di oxi de concemggr ati on was detergmged by theb/rgat hod of
Wheel er, et al., crochem J., 23“160 (1978). After, 60 m nut ﬁ@glgad
el apsed 15 the atnosphere was sanpled again. The ex ure cha was t hen
evacwat ed and refiBled with filter& air. The evacua®/én and refi/6l i ng
steps were repeatgg, the chamber wgg opened and the qogtents re %ed under
sterile conditions, The paper strips were aseptically transferredt :
i ndi vi dual tubes ®® trypticase soy’Broth and incubat 8d6at 37 C. 0/6
Observations to dpgerm ne the presggce or absence of pygore growghyegwere made
after 24 aad 48 Zf hours. Those tugﬁs whi ch did not %how grow h after 48
hours were i ncuba 'éd' for one week d observed every 78 hours. 1% Sno grow h
was observed afteXB8one week, the s®©Bi p was recorded @yénegati veo/@r
sterilized. After gxposure, t he fg'i_.ll3$ wer e transferr«ag,si nto i ndi v'sdual

t ubes cont ai ni ng 5 m of sterile™Water and a few gl a

S beads. R ter
vi gorous s#aki ng to di sl odge and suspend the spores, 0.1 m of the

suspensi on wasspl pgsdshedyphibcal § 82,2 Redla+df ih KRkHE3SS S W3R orNe
pl ates were incubghgd 8h LREE aeaw@%_s g5V @ s@%vgé/ﬂﬁﬁtﬁ'é'rg%% gfe@i?%% @ t he
paper strips. Appégpgi akgosedirol strips and foils were run for these
determ nations. The outcone of 18 specific runs is summarized in Table | as

Exanpl es Z’_ol%‘he ?e%ultaéoof ‘E;arr?p(?esSZ%QGdemons%rgttha 5agchgn§n% d}oxi-tlzi_eA I%’tlzt‘nlgerlvtraﬁon of at least 40 mg/L was

_ effactive to sterilize paper strips contaminated with dry B. subtilis spores, and thus, presumably, to kill any
o other microorganisms present. The scattersed incidences of growth observed in Examples 5, 7 and 14 may
be largely discounted as due to random experimental error. It is expected that more rigorous control of the
45 laboratory procedures of the biological standards would demonstrate effective sterilization over the com-
plete range of gas concenfrations employed. Similar concentrations would be expected to sterilize other
types of porous organic surfaces, such as rubber, gas permeable plastic, sponge, plant material, wood and
the like, without causing appreciable decomposition or residue deposition. '
A concentration of chlorine dioxide of at least 35 mg/L was adequate to sterilize aluminum foil
so0 contaminated with dry spores. The growth observed on foil in Example 6 was probably due to a ramdom
expsrimental error, since a range of lower gas concentrations consistently resulted in sterilization. These
results led to the expectation that other nonporous surfaces normally impermeable to gas sterilizing agents
" would be readily sterilized under similar conditions, such as those of medical or dental instruments or
implements formed from metals such as stainless stesls, plated steel, aluminum and nickel or from
85 nonporous plastics, porcelain, ceramics, or glass.
Chlorine dioxide gas has also been successifully employed to sterilize commercially-available spore
strips which are sealed in gas permeable paper envelopes. A procedure which may be used to sterilize
such materials is described below.



Dl OXI DE STERI LI ZATI ON Chl ori ne Resul t s*

CHLORI NE

Exanpl e _ Di oxi de (no/L) Strips Foi |
Cups 2. 11 e 0159 660 B1 0/6

0/6 10 3 , 12 0/ 6

0/6 4 25 0/ 6 0/ 6
5 EXAMPLE 20 31 1/6 0/6 6
34 _ 0/ 6 5/6 15 7

35 Six Spordi® paper spore]gtrips (American SterilizerQ@agp.gErie, Pa.), each containing a mixture of4Q
0/ 6 spores of B/ gibillis and B. stearothermophilus (NCTC 10808) and each enclosed in a sealed, sterlle(/ 6
0/6 20 § envelopq pf glassine paper ‘are exposed to atmospherpg containing 50 and 100 mg/L. of chlorine diogdesgas
0/6 11 as described in Example 1. The galed spore strips are removed from the gypqgure chamber, opened(y/ g
12 ~ under sterile conditions angldncubated as described in Example 1. _Gro\ﬁyu gpvels are observed aftes nigie | 3
65 days of incubation which indic glat the strips are eﬁecbm Agnder these conditions.

69 it is, therefore, expected \? lorine dioxide will e ly ize contaminated surfaces which are - o
0/ 6 10 ssaled in gﬁ 5"35 ble container materials such as coatedg uncoated paper, plastic shesting, and theo /6
0/ 6 17 like w:thout ificantly reacting with the container materials. The ability of tive concentrations of 0/ 6
18 chlorine dioxide to readily go(grme such. enclosures would find applica &tzn in the sterilization of ngzl al 19
113 products which are preferal stgylhzed after packaging so 67 % b§ gialn in Oassltjelyllg condition r§l

shipping and storage.

Resul t s,gi n nur%)aer of "strips or cups on which growth is observed/ nunber of
strips or gampLeexposed. 40 The results of Exanples 2-19 denonstrate that a
chl ori ne diroxirde toncentration of at |least 40 ng/L was effective to
ste(ilize papeis Sdpbrinitht T0SoRNB PapbresporéistiPs (himbridin Steviel Cdns, EriROP)SwereddhibidybalS ,
pr esunabl Veact Srigvdslenéiosd @F M@lissiib SAvOIOEe] Bt the BRI ECddhtamihdted Withad rhistir@ @f spores

I nci dernge of Bf subiiiavintl BO S8 theddptilos (NCTC0003). The skipsiithdidlglasalie bvelbpus g@leyequally
di scount ediiviied GHire thtee el avap Gloted im tha | nosal @boratbrly atrsosgheyee Sbieit] washplaced U e
ri gorous bantbeoht agonttotierl ltive|hambidityadf 8%, while Setdilwasplaséd it laalediccatboayerdaxierite. The
st andar ds stips were hemittedttp aguliibesfel withttheiresnytoamertt for Aréetay® \ipen ednelusinnraf thel storage
range~of (pgdodcthn siEipg indistsoln aechi| weypernualigidivided intctyn Geavps Atand Bsendidheh @aissed to
expect el tehlodneaioxide pdhesiarkened igiorionct gn expatutn fambey i the mannerfdgeqtibed bsigwh as
rubber, gas. g@r%’am Erayp A vere expopadig digh humidity pepcdliens 4y the,gupagure shpmbRat| gbput
wi t hout cad W@Bl@ﬁlp@'f‘d’@% daying BrYa‘ES‘F“‘r"é§PQ5'b81 @’ép@% iny Hghion the two-liter”
concentr ateP‘W'BFh P’o?ﬂdﬁﬁﬁ"dm?ﬂ‘i‘%@° 1 'a't°f ' rglative

i 3
SL erili % e rﬁBPﬁ N sFrefBa"‘ Yﬁ‘s g wer @g%um;:
error, si C?qud ,m 2 ’Eif?g: e'aﬁg'r?ﬁﬂ%r i

sterlllzatl E{q.;lsgm m 01 R ERGY

13 cht & 9 er |
surf aces gfg% g%re o‘t‘sb dc?ehri&th% B0 é;lﬂnﬁ
steri|i zeqilhG&d abs harésp 8'2&'% 'stPSin é&hﬁm Qfﬁe E%%H dl hé?éia orif di&ﬁﬁicé’rher
| NSt T UMeNtge Bhpbydlhé mﬂb&uﬁ @8 Ghsd thaMTRL @S TRIGHRRSdiGddB lsfbBysd 16 H& bsth the
pl ated. St @ips inAbrbhip A'6HE GO B'wiaskgdherdld By pasBageiof cRIGHAB G4sCthiEugh iRkt divided dry sodium
por cel ai n,cheMpam cs, or glass. Chlorine dioxide gas has al so been

successful | yAmiemuaﬂn 2 spbiersirips AereGamiaved GbrltHeyexpdstv IcAdMber Grider sterifel dondiitions,

whi ch ade e alcatitet i Hasnaper desalided iDBadple @ NViel requitsare Aumadieain ITeblaviniie termeyf be

used t o sttas aurnbamof siipsin whitiebactlial giogthces cyseivehuinbéranstrips treated.

- | TABLE II
- Group A - (humidification)
mg/L, ClO, Set I Set II Set III
Tnormal) T33% ’H) {desiccator)
- 33.6 0/4 0/4 - 0/4
s 29,0 0/4 0/4 - 0/4
9.1 3/4 2/4 3/4
Group B ~ (non~humidification)
s 61.7 4/ 0/4 4/4
59.9 a/4 0/4 4/4

38.1 1/4 0/4 4/4



EP 0 159 660 B1 EXAMPLE 20 Six Spordi[err] paper spore strips (American
Sterilizer Corp., Erie, Pa.), each containing a mxture of spores of B.
subtilig, "and B. stearot her nophi | us ( NEP® 189®@88)B1and each enclosed in a
seal ed, sterlle 5 envelope of gl assine paper are exposed to atnnspheres
cont ai ni ng 50 L of chI or| ne d| oxi de S as des 3‘{?
1. The seal ed ;E%‘P%P %ﬁg 5‘93 gzg g%kﬁ“e
under steril € &pndrt RD °8 "3 Gr Up dm)

orge

|'|

i x1 % <] senlant
l.evel s are Obsee ar gor resn xide t?aa Ea w§l§ §ﬁ estn s m
stri. ps are efg ﬁ '&e Eﬁf’% a,gm (gsﬂ

expected t fiat ik ‘ﬁf&’ ¢ (é& uﬁta &S’fa&q %”sf} etreated
sur faces whi %nneé ,Q(l %ap gucont al ner teria such as
coated and U“CO%%% PARSHs ddiH éhs J dabtfb! @&Itdn%ted% %Es éddka‘ﬁmiMan*‘faPéups The foll cups
si gni ficant! yang eaget shigs Worb RordtdhinaaTi tHo HednndTRbSYibedl above ldRSpagd i1, lekdbpOthat an aqueous
ef fective gONGaBlsidbhdoRSwas lonployad dshtfle dorRarifhAt. trRo SpaRHohtimIRARSITBARbEstEd @d foil cups
encl osur es Wokkelaxbbdadl ot Vdribt doantiafioris e cHidrig bibridebécied f Tail Gli if He darkerbll Gritedior
whi ch are pr ef @eaddoysufst HaimbdrZ Btk bbsire i WaDWOCho8e. RS confrolDEreiMRInIdig | cosditiohs was
steril e condigxéreiseddinrthis giasthe ghringdieitd gat enagemerataX\dirifoRd by pastdye of chiorine through
experiment 72 &uinndof[dey firdelypdiyidsr segiam ehleite.i lp additdnethe i rvuisst andi daper estrip&aene. dry and
Erie, Pa.) mswananianegd|io\sedral Hayshat obmitgnpeeture arcll relstively ilaw ambighblasiiditg condliiotsdjess, than
and the stri pbouas® Ripriceoiingt, te appardnt pesintance 9f the horespio the stefllant@$ stiBwn by Table il is
subtillis ancel®ved tocker dishie trepdoimblpatiop IKCIhe uB@ QDB Vry sHikanisgas it Yedt aparésewhich were in a
gl asgj ne enveblgiyely desiccatediqum ahd, heficy fegigignttntesilizatipee sets - Set | was stored
In the normal | aboratory atnosphere, Set Il was placed in a chanber at a
control l ed® el ative humdity of 33% WhTABLEeTIN | was placed in a
desiccator over Drierite. ! LRSI € Bed pngsbrate wth
their environnent for three-&gie—%%n—mm age peri od,

the strips in Sets I, Il and Il were e@@lﬂiﬂﬂﬂl ded into two G oups A and
B, a thea e sed to 25 chlorine dioxide in the darkened interior of an
exposure cha r 2in the manner deggribed helsowSPAFEdGQAdS | oup re
exposed to hi gﬁ ﬁ'um dity condi tﬂ@%g in thcloexposurelcpnanber Ogebout \Qe

Humi di ficatioggwgs performed by gggawi ng a qyacuum of gfgout 91 g¢fga (27 0/r1

Hg) on the two- Fiter exposure c er en inj ng ab 1mnm
distilled yat&F-Pnto the evacuag?gbchanbe%}#he rel S‘t’t{/e humcb?"[y in qﬁe
exposur e chanigr, gwas above about4/80% The GA4 i ps m@rdoup A Viotée expdh/dd to
the humd 30 éo ditions in the%anber foqr 4about 2 nut es. | ori

di oxi de, at t #&-desi red concent on Ieve/ was i nt uced i t he
chanber withod#.5rior evacuati od/df the ndMAt air fréfdthe cﬂarhfber Wel
strips weres exposed to the chi ory di oxi t about rr] fqy g@bout

hours. The st?’?p?el n Group B Wer exposedq?‘iachl ori ne[ﬁl oXi dceU/ in the lg/e?ne
manner as those in Group A, with the exception that the strips in Group B
were not subjected to the prelimnary humdification procedure 35

descri bed above with respect to the strips in Goup A The relative

hum dity of the chlorine dioxide/carrier gas enployed to treat Group B was
| ess than about 10% The chlorine dioxide enployed to treat both the strips
in oup A and G oup B was generated by passage of chlorine gas through
finely divided dry sodiumchlorite. After sterilization the spore strips
were renmoved fromthe exposure chanmber under sterile conditions, 40 and

i ncubat ed #h the manner described in Exanple 1. The results are summari zed

in Table I'l, in-‘ternms of the nunber of strips in which bacterlal growt h was
observed/ nunber of strips treated. TABLE |1 45

Goup A - (humdification) ng/L, [err] Set |

Set 11 50 Set 1Il (normal) -~ (33% RH)

(desiccator) 33.6 0/4 : 0/ 4

0/ 4 50 29.0 _ 0/ 4 0/ 4

0/-4 9. 1 3/4 2/ 4 - 3/4

G oup.B - (non-hum dification)
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61.7 _ 4/ 4 0/ 4 4/ 4 59.9
4/ 4 o4 , 4/ 4 38.1 1/ 4
0/4- o/ 4/ 4 8 EPEP olfs9d ¢80®1B1 Table Il illustrates that
the hunmdified spores in Goup A were sterilized by the action of the

chl ori ne di oxi de gas at concentrations of about 29 ng/L and above. In

contrast, the spores in Goup B (Sets | and I11) which were treated with a

dry chl or | oxi de gas and humi di Eﬁ’ﬂfﬁﬁﬁiﬁppl icarion of fhe
sterilant, far nore resi '?%nt to Qgchl ori i oxi dem?as. THO?
bacterlgl gr7Qd h noted wi th rdspect to:i/hle strlpa/lm 5 Gdoup B (¥ 1) is
attribufPed togt he | ow hum dit onditi in the or at orgy, . esti ed to
be about 15A)IQH) to which the4y/s rips Weqpe expose(f pri or tgygterl I {i?tgti on,
coupl ed witM4.dhe fact that tHe'4strips Wb treatdddnith adddy chl dvidne

di oxi de sterilant (less than about 9 zR@tri- le Il presents data on B.
subti | |1s cont am nat ed paper strips foil cups. The foil cups
and paper 9Ori8ps were cont am‘Waﬁ ed in t4d manner Mdscri bed®/dbove S 4page
11, except ghat an aqueous 1Q4/4 spore sgjspension gyas enpl qud as toya

cont am nant.. The spore-cont ar’gf*at ed pap strl ps d foil s were exposed
to the varléué concentrations/ct chlori4fé di oxi dé }}‘pemfl nTaé 111 in
t he dar}genq@ iinterior of the &Liposure ofdrber. Tmaldexposume’dtl me W'k t wo
hours. ntr ol over hum di condi ti was e |sed this aI t he
chl orine d gxrsde gas was gene#)lﬂ ed in ‘P}(}fy form passagd«ﬁof chlatél ne
thrQugh a a&@.dm of dry finel4/4i vi ded 306di um chIQ)'H te. 10/4dditi &4 t he
foil cups a aper strips dry and, mai nt ed forg geveralg gays at
room t emper 2?[13:‘)6 and rel ati \\I/\E{ﬂ | ow arrbl/iﬂﬁt humi 41 condi t/?‘gns (1 e/?g t han
about 15% RM).8 Accordingly, 4)/ & appar erft’4 esi staan/ of the/%ores ¥4 the
sterilant ag ghown by Table I4tgis beligugd to begdye to tgyy combigyat i on of
the use of a dry sterilant gas to treat spores which were in a relatively
desi‘e¢at ed*f oPre-sher ildred ioss number ©of sporesi pat the. cpdtaminated

TABLE 31| TESTtiRESWLTS - GRADED SPORE LOADS* Foil Cups 25 [err]

Sper e Load r grew/number exposed’ ] [err] - Jerr]
[err] Pgrrf 5§78"/ P 4] 4% 4 4
4/ 4 0/4 0/4 36.3 " 4/ 4 2/ 4
4/°4 0/4 23.4 . 4/ 4 0/ 4
0/ 4 30 0/4 19.1 4/ 4 4l 4
421; j ass cups coa %§7°§?§ subtllts were equally divided %{O4G A and B. G?’c!up A
was e to chlorine d y d xampl
4/ 4 over huri conditions. 111‘33 aminated gl 4: jf:l% gﬁ%ﬁ% umidifi :Qécé 3530
C102 35 the chiorin oxide gas in accordance with the proced of E and B were
106, exposed gaseous sterilant 1rpa closed and darke hamber for abth%oer 3I’he data is given in
4/ 4o * Table IV, 3dtfrein the numbers With’s uperscnpts (108, eﬂ:/) 4hdicats the pr@été’rihzatron number of spores
per cup, while the numbers given in the body of Table IV represent the number of glass cups out of the 6
cups sterilized that produced live bacteria upon culturing subsequent to sterilization.
40
\—
45
80
55

10
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5.8 | 44 4/ 4 4/ 4 4/ 4

3/4 4.4 4/ 4 4/ 4 4/ 4 4/ 4
4/ 4 -Papef Strips 10  50.8 EP0159660B1 4/4 4/ 4

0/ 4 © 0/4 0/4 36.3 4/ 4 4/ 4
0/ 4 0/ 4 0/ 4 23.4 4/ 4 2/ 4
1/ 4 0/ 4 . 0/ 4 15 4/ 4

4l 4 2/ 4 0/ 4 ‘Thiie Iy, 4l 4
4/ 4 1/ 4 0/ 4 Group/® 12.7 4/ 4
3/ 4. . 0/ 4 ONg PRE-HUMIBY P CATION 4l 4
4/ 4 c1023/4 o7 % 074 20 5.8 _ 4/ 4
4/ 4 0/ 4 6l 4 s 0/4 4.4 3 ~ 44
4l 4 mg/L) 4 10%,,, 202 0/431’- Pre-s&@di 11 zati 38~ number

of spores @&34/8Bhe contabf6hted 2%5/6 ard/fikcl e. ** Ofénber gr@Ab nunber
exposed. 3§ 7GXAVPLE 22 3§Pggl ass cgips coat ggygM th spergs of B. gggbtilis
were -equal ly S'Irﬁl ded into oups. Ao“a;loé B. G&lqo A was %po,sed t%(? éhl orine
di oxi de gene_r6 d by the ﬁ?é/ met ho scri be n Exa 21, w Adut any
control over 4544i dity con8¥6i ons. T&#&6 cont ariféat ed gl &6 cups i 0/6 oup B
were hum di fisgdpand t hen osed t t he orine @igQxide gas,ikn
accordances vv|2 ﬁot he procegﬁ)e of E>c<)6 | e 21.6C ot h Go% s A and g/evere
exposed to tR4.8aseous st®fflant i B4 cl osed/d dark&A8d chanb®/6for about
2 hours. The @aga is givegysén Tabl egté/, whergyign the ngpgers with/e
supeuscripts é[ rrj, etc.é | ndi cat es)éle pre- }(ﬁeri i zatsi %n nunbeéégf spores
per cup, whil €*the nunber /t)i ven | n"the bod;ﬁS Tabl e % repres the
nunber of 2§l ass cups out of the 6 cupsowp B ilized that produced |ive

bacteria upon cul turing subsequw&ati on. 40 45 50 55 10 EP O
159 660 B1 TABLE IV Group A NO == |ON [err] ng/L
[ery] 119&rr] 0f®rr] 0/6  [e@/6 0/ferr] 119/8
6_; 6* 2 47./6/6 0/6?/6 0/6 O/0ye 0/60/ 6 10 076.4
6/ 6 _ 6/.6 6 5/ 0/ 6 61.
6/.6 30586 Wﬁ/e 0/6 5,/ 9/6 0/6), ¢ 45) /6
6/ 6 6GB6 0/6/6 0/6 5/%6 0/60/ 6 29.0/6
- 4202 osgl e s 2 016 o 0/8
6/ 6 30 & Yupber grew/nwlger exposed; @t@rilization Gpedg_cGed at 27°C.
6/ 6 6/ 6 6/ 6 6/ 6 6/ 6 20
G oup B
EXAMPLE 23

35
_ In this experiment, the test items were prepared by placing 0.1 ml of an aqueous suspension of E.
ot subtilis var. niger spores in small glass cups {9 mm x 14 mm). The cups were vacuum dried for 2 hours in
sterfie Petri plates each containing 6 test cups. Each test cup carried a spore load of approximately 1 x 108
spores. The chlorine dioxide used for sterilizing was prepared by passing chlorine through dry sodium
40 chiorite. Test cups were sterilized at the temperatures, exposure times and humidities shown in the

following tables.

60 : - .
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PRE- HUM DI FI ED 119.7 - 0/ 6 0/ 6 0/ 6

0/6 0/6 25 47.2 0/6 0/6 0/ 6
0/6- w 0/6 30.8 EPQ 159 660 B1 0/ 6 0/ 6

0/ 6 = 0/6 6.3 0/ 6 0/ 6 0/6 .

0/ 6 ' 0/6 4.0 0/ 6 0/6 ~0/6

0/ 6 0/6 30 * Nunber greydygugber exposed; sterilization
conducted at [err]. EXAMPLE 23 ﬁn—rh

is_experinent, the test itens were
prepared by placing 0.1 m 39 MANUE URE énsion of B. subtilis var.

ni ger spores in small gl as<HLQBINE P08 $2%%) . The cups were vacuumdried
for 2 héue§oén sterile Petri plat ewt al ning 6 test cups. Each test
cup carrimg/m spore |oad of &JfFoxi mately 1 x '{e‘Fr] spores. The chlorine

di oxi de use for sterilizingous3s=prepared by passing chlorine through dry
sodi um 40 |orite. Test cups were sterili ze? gt the tenperatures,

exposure tl?ﬁas and humdities showmn in the fo (ovm ng tables. 45 50 55 EP
0 159 680 Bi2 TABLE V 30 M NUPZSEXPOSURE TO CHLORI NE DI OXI DE GAS* 5 [err]

Tenperat ur e, yo/ L : 6/6 [err] [err] 20

0/ 6** 17 ' @/g 12 3/6 10
6/6 7 7 6/6 1 415,
6/6 5 , - 6 3/6 4/5, 6/6 6/6 4 2/6 3

6/6 20 * ghanmber and contespe hunmidified wié/k 0.1 m water at 91 kPa
(27 in. Hg)vacuum for 20 m nu%Fé prior to introduction of chlorine dioxide
at ‘stated coﬁcent ration into T"he chanber. The lative humdity in the

chanber was about 80% 25 ** Values given as GI{ nmber of cups show ng

gr owt h/ sugber. P ARG ale 184 ol 30 a
CHLORINE DI O ﬁ &‘%‘gﬁa é&é um f;-f 20 mmf:i%s &%E:Etf ﬁa&gg& I n%} Lkp

[err] ch@bbine dioxide] 8tritated concentration into the
U chamber. The relative humidity in the chamber was
about 80%,

25 **  Values given as number of cups showing growth/number of
' cups exposed,

TABLE VI
60 MINUTE EXPOSURE TO
30 CHLORINE DIOXIDE GAS*
Cl0 Tem erat;.u:e
m’g/% 15°C ~ 'Ja“‘f‘i—""c 37°C
32 5/6%*
36 27 2/6 :
A\ 23 ' 3/6
22 1/6
21 1/6
“ 19 3/6 1/6
W, 18 2/6 5/6
17 1/6
0/6
16
® 15 6/6
14 6/6

11 §/8
50

§6

12



32 | | 5/6%* 35 27

2/6 23 _ 3/6 22

1/6 21 {; 1/ 6 40EP 0 159 660 B1 3/6

1/6 18 2/ 6 , 5/6 17

1/ 6 45 16 0/6 15

6/6 14 €105 Temperature 6/6 11

6/8 50 55 12mg/LEP O 1591680 Bl [err] 27°C 37°CTenperature
ng/ L - 15C [err] 0/6 [err] 6 s/6

0/6 . 5 5/6 5 5 -

416 2 56 415 1 3/6 4/6 3/

5/6,6/6 * Chagrber and ggatents hum dif4d& with 0.1 m water at 91 kPa (27
in. Hg) vacuum for 20 ni?ZFes prior toijygoduction of cBlgrgpg di oxide gas
into the chanber. The re ive humdity 1'n the chanber was about 80% 15
** Val uespgi ven as nunber of cups show ng grow h/ nunber of cups exposed.
TABLE VI 26 1%ghamb«;gayéﬁggggﬂeg$cbggtgfiifg[yxxvggitgm%;:ﬁggr]:ggg-kPa

n. .
Tenperature 25 /¥ g “?gePg ieﬁﬁﬂmbe yEétive

* % of chlgrine.di as into th r. The re
%?ET%IG 2; . humid%%fﬁ?ﬁZ&hgichamber ?7 zaE&Ft aq%. 0/ 6
31 18 Values given as number o 6;335:ﬁyowznggrowth/number
1/ 12 21 of cups exvosed. 9/ 12 20
0/6 19 0/ 12 6/ 6**** 18 : 7112

O
20 TABLE VIII
120 MINUTE EXPOSURE TO
CHLORINE DIOXIDE GAS*
L Cl0; _ " Temperature
s TWG/L 15°C 27°C 37°¢C 37°C**
67 2/12%%x%
51 0/6,0/6
47 0/12
% 48 6/12
39 0/6
31 6/12
_ 35 30 _ _ 1/12
W 21 9/12
20 0/6
0 ie 0/12 6/6**ns
. 18 7/12
— 17 10/12
16 : 6/6.0/6
“ 15 1/12 0/12,0/12, 2/12
0/12
14 7/12
50 13 | 6/6,2/6
12 10/12
10 0/6 8/12
9 9/12

13



17 10/ 12 16

6/6,0/6 5 15 1/12 0/12,0/12, 2/12 0/12 14

7/12 13 - EP 0 159 660 B1 6/6, 2/6 12

10/ 12 16 0/6 8/12 9 9/12 55 13
EP 0 159 660 Bl [err] ~ Tenperature ng/L
[err] €10 [err] [err] temperature [err] 8

2/ 12, 0/ 12“‘9/%.2/ 12 / 15°C OQQ?WUC 37°C

0/12 7 5/12 6 0/6,0/6

0/6,0/6 5 8 35}2"’6#72'101””3 760/

10/ 12, 12/ 12, 2 _ 12/12 1

12/12 12/12 15 0.2 3712 11/12 * Chanber and, %OE% nts hunidified
with 0.1 m sater at 91 kPa (27 in. Hg) vacuum for 20 g és prior to

i ntroductiong20 of the chl @/fne di oxide gas. The relative humdity
of the chanber was about 80% ** Hum dificagppre weyp20.2 nml of water at 91
kPa (27"1 n. gig) vacuum for 60 m nutes, RH wQs out 90% *** Val ues given
as nunber of 2cups showi ng growt h/ nunber of "Cups exposed. 25 **** Dat a
believed toibe due td2R@erinental error. The data presented above

I ndi cates that under the hum dification prodédl2es enpl oyed, optinum
sterilization was obtai'hp d at sterilization tenperatures of 27 Cwth
exposure ti%&s of two urs. Although bacterial growth was noted during the
trials conducted at [err] and [err], It is believed that ster'ﬂi tion 30

coukhd be achi ecteghbar ambseont rama sl “’éi&’c‘e?{cﬁ F}Q 1 wehEo K& °di oxi de
exposure time.(IHa-dBg 3res ﬁ§ O PeBUTER)PE 134 SRoSseri | ization by
chl ori nep di oxi e‘ﬂg &?; Qjﬁagﬁgﬁ %oﬁéef by ecggg%cgt%ﬁngu@heggr ocess at
tenperaturgs a 1‘31@?&5@1&{ wR€h O\ 2 RLI £ atier 009 kEapEliatink cHglk vgcuum
20-[err]). EXAkGilo2dimitels,dRY wasctabretd¥0thi t rogen and chl orine di oxi de gas
Sui t%ty e fror usghm aémmézwt EPPS ANOWLEI FEOWEPLd as fol | ows:

Chl orf'ne gas fperhex 9 r. fi \ edl e val ve regul at or

i s I ntredut®d SpEWPLlESY aﬁ?sggfg"ée ?8eg’|‘é1%z§9nae\ﬁgfur1e%rﬂegf nitrogen. The

streamof nitrogen diluted chlorine |Is then passed over finely divided
The data presented above indicates that under the humidification procedures employed, optimum

sterilization was obtained at sterilization temperatures of 27" C with exposure times of two hours. Although
bacterial growth was noted during the trials conducted at 15° C and 37°C, it is believed that sterilization

30 could be achieved at those temperatures by extending the chlorine dioxide exposure time. The data
presented also indicates that chemosterilization by chlorine dioxide is not enhanced either by conducting
the process at temperatures above (37" C) or below (15 C) about room temperature (s.g. 20-30° C).

EXAMPLE 24

A dry mixiure of nifrogen and chiorine dioxide gas sultable for use as a gaseous chemosterilant is
prepated as foliows:
Chiorine gas from a standard cylinder fitted with a needle valve regulator Is introduced slowly by means
of a tee into a stream of nitrogen. The stream of nitrogen diluted chiorine is then passed over finely divided
40 sodium chiorite contained in a series of three columns. The first two glass columns consist of gas drying
bottles packed with sodium chlorite to provide columns measuring 3.5 x 14 cm. The third column in the
U series consists of a glass tube packed to provide a column measuring 1 x 40 cm. The gas exiting the last
column may be introduced directly into an evacuated exposure chamber (e.g. approx. 91 kPa {27 in. Hg)),
or into an svacuated flask for later use.
45 While certain representative embodiments of the present invention have been discussed herein for the
purpose of illustrating the present inventlion, it will be appreciated by those of ordinary skill in this art that
modifications thereof may be made without departing from the scope and spirit of the present invention.

Clalms
50 .

1. A method for sterilizing an essentially moisture-free surface contaminated with spores comprising the
steps of exposing the spores on said surface to a humid gaseous atmosphere to enhance the
susceptibility of said spores to subsequent chemosterilization, and then exposing sald spores to an
amount of gaseous chlorine dioxide in an inert carrier gas effective to sterilize said surface.

55
2. The method according to Claim 1 wherein said humid gaseous atmosphere is comprised of humid alr.

3. The method according to Claim 2 wherein said humid gaseous atmosphere is comptised of humid air
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40 sodiumchlorite contained in a series of three colums. The first twWo

gl asg col ums consi st of gas dryierjolise 86®B1packed with sodj '
provi de colums neasuring 3.5 x 14 cm The third colum in t'ﬁl ml‘“ﬂmﬂ“l

consists of a glass tube packed to provide a columm neasuri

The gaseqg¥iting the last colum nm@_aﬁug_s‘oduced di rectly into an
evacuatg 7EXposure alsagber (e. @7°8ppr ox *kPa (27 the Hg)), or into an
evacuated flask for later use. 2462,0/13}hi he/t2rtain Oéﬁl.r!b(éent ative
enbodi:ments of the present invewiRon have been discussed herein for the
pur pose of i I'lustratd 419 the present invention, it will be appreciated by
those of of di nary ski'l'l in this art that nodlflcatloa;,;tdweof may be made
wi t hout departing fromthe scope and spirit of the present Invention.
Clains 50 §. A nethod for steri9’zing an essentially noisture-free surface
contanj natged with spores conprising the stl®dd2e}2/2posi ng the spores on
said surface to a hum d gaseous atnosphereazm2enhance the. susceptibility of
sai d sporeS to subsequent chenosterilization, and then exposing said spores
to an anmoudt of gas 3% hlorine dioxide in an inert carrier gas effective
to sterilg,ze said surface. 55 2. The met hot®/3écor di ng to Aaim1l wherein
sai d humod gaseous aimz.,sphere I's conprised of humd air. 3. .The nethod
accordi ng to Claim 2 wherein said hum d gaseous atnosphere is conprised of

hum d air 14 EP 0 159 660 Blh %% 91 kPa
ents hu fied with 0,1 ml water at
Tenper atlre (m‘.&rﬂrsva‘;:g for €3d inut.es prior Eerir]trcduction [err]
lerr]. 8 “f the chlorine dioxide gad/.12TRé Igklatit@/M@idity of . 0/ 6,0/ 6
0/1g 7 the chahbérZ was about 80%. e
0/6,0/6 & Humidification with 0.2 ml of g at 91 kPa (27 in. Hg) vacuum

10/ 12,12/ 12, £gx 60 minutes, RH was about 9 12/ 12 1
12/ 12 0.%°* Values g:.ven as number of cups showing growth/lzl 12715 0.2

d
11/ 12 5 e a‘g} 5“§%£§x§§ts§ubum dxpeeimedtdl @rgord water at 91 kPa (27
in. H3Svacuum mnutes prior to | nt roduct ion 20 of the chI ori ne

di oxi de 985y, datlh S L abv éZleQ tiﬁ( Jﬂf %n Qg‘np%gue/d) 0
Humi di f | I'Eaﬁign zla ﬁ{ﬂmr izath pe re§%f X Yt Y Ehgéé:
m nutes, 8unng the Ié’@oﬁduﬂ:‘te\éeé? 1350 md $HROWbrfEhtion
growt iy B a edeJﬂﬁt by extending [ 'd@)(&éj ekRs P& 1 ETHeOdata
eXper i 1M Blosdnted als8 indicates ttﬂﬁ&l@m%t&ﬁl%&rﬁgy anenne dtosade HoEnhibbed oitHRElBY cdnderting
hum di fi g@lptdRsss B BRBGHAIES aRDEPYS Gr bélsw {151CH aBbut Fdomi terAjetaife BS20s8E 8).ned at
sterilization tenperatures of [err] with exposure tines of two hours.
Al t hough eRaapierdaal growt h was noted during the trials conducted at [err]
and [esr], 1T 15 believed that sterilization 30 could be achieved at those
t enper at ur efs diy ymigeb exhalitmagent dne cblotirer dioddedgas suitiblocip s Las e gasagus Cliérecstddlent is
pr esent egrepdraxbasifelidweat es t hat chenosterilization by chlorine dioxide is not
enhanced eiGhipgne g;; fromrecRiantiare gylmder fitted with a needle valve regulator is introduced slowly by means .
\./ of a tee into a stream of nitrogen. The stream of nitrogen diluted chiorine is then passed over finely divided
40 sodium chiorite contained in a series of three columns. The first two glass columns consist of gas drying
bottles packed with sodium chiotite to provide columns measuring 3.5 x 14 cm. The third column in the
series consists of a glass tube packed to provide a column measuring 1 x 40 cm. The gas exiting the last
column may be introduced directly into an evacuated exposure chamber {e.g. approx. 91 kPa (27 in. Hg)),
or into an evacuated flask for later use.
45 While certain representative embodiments of the present invention have been discussed herein for the
purpose of illustrating the present invention, it will be appreciated by those of ordinary skill in this art that
modifications thereof may be made without departing from the scope and spirit of the present invention.

Claims
50
1. A method for sterilizing an essentially moisture-free surface contaminated with spores comprising the
steps of exposing the spores on said surface to a humid gaseous atmosphere to enhance the
susceptibility of said spores to subsequent chemosterilization, and then exposing said spores to an
amount of gaseous chiorine dioxide in an inert carrier gas effective to sterllize said surface.
85
2. The method according to Claim 1 wherein sald humid gaseous atmosphere is comprised of humid air.

3. The method according to Claim 2 wherein said humid gaseous atmosphere is comprised of humid air
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the process at tenperatures above [err] or below [err] about room

tenperature (e.g. 20-[err]). EXAMPLE 24 35 A dry m'xtureH ll
chl ori ng;di oxi de gas suitable for useFBO 159§8@Bdus chenps !ll l Ijullﬂymlll
prepared.as follows: Chlorine gas froma standard cylinder fitted with a
needl e val ve re 1S introduced slo y nmeans of a tee jnRto a stream
of nitrogen. Th%@%@i%%?ﬁ? feéaﬂrﬁﬂ;ég%irﬁ;: ﬁgggﬁfgﬁ"& {epBerpture ip, ahputl3s Cogpd yherpin the
finely divided sodirum chl'orrte contal Aed |nf'a series of three col ums.
S0t um chi gr 1§ orp e g bl s el ol g E Sl %ﬁ'}g ﬁe%fﬁ]ﬁs L
1 _ 18 RindES :
in the series cmih&ma@,,iyﬁggﬁme pacé}geé toe%? OV|to edag cof’um’w"rreasuqlréi ngi'1
1 x 40 cm The gas exiting the |last colum may be introduced directly into
an evacuat ed sexPRSHSHoIRERIMRY to CRInY 1, RBRF Pwherdih e Rndertfatibiler chidiine: didkide inYal iFbRt
evacuat ed fl askedrir gdsas @neabtbout #bmg/. Wil e certain representative

enbodi nents of the present invention have been di scussed herein for the
pur pose of i |6l uShermdtiodgedohiing s EisiMrs whersincsaidispdtes dré spoteks bof B.SuRIPvaRGigel. ed by
those of ordinary skill in this art that nodifications Théereof may be nade
Wi t hout depar?t i Ty rhetiexhatdoeling do Qleimedehesgi the tonoéntratioe ofsatzisahiotina dioxizia in said.inert carrier
Clains 50 1. A gestihtddo Admg/tiapd wherein sai relative bereidityi is kil lsastabowt70%e- f r ee surf ace
contam nat®d with spores conprising the steps of exposing the spores on
sai d surface & oTh® RelPadcpcepidiegoiasClam fowfisrrin inmediaelyntincle exprsure ie aaith hinid lafmosphere
sai d spores to Pt ¥hidHET were prRopadde poambienh plativeciymisity oidesa dhan abodt Bfor es

to s anount of _gaseous chlorine dioxide in an inert carrier gas effective

to sterilize2afly ragior eqerding do Gaim-pyyheroly sid getative Bymidity ép 10 95%-m 1 wher ei n

said hum oe".gq equs %E S hq?re is. conprised of humd air. 3. Thé nethod
according to éﬂ?" ‘\%& 5 '}9‘%&?’5“ huhEn Gad SRR 3R YA & i iodprfipdde ggs oy ot
humd air 14 ogEpaguly ¥"8B0 BL which is at a tenperature within the range
o 000 oy T PR b B LS rorh ML UIREES B, 8l By G bk
of said hup d aj 'erdinsdc.@ipﬁ)&grm Ot LaiP Qe |§'c ﬁegrﬁ? n@GHHEh G B&mgﬁga %{oglu and
wherein sard sulpdfCabgietsPosed to sal umd air tTor at |east about .

15 m nutes, and |m"reci| ately thereafter said spores are exposed to said
gaseous chl orpnehethéddRedrdiy B didi®, §¢f ¥ WhdrGiRsaill SpopdsCird bilpsatissld §4sbdud CRiorine
5. The nethod ag&feth A8 ddRoreuiRiuBa ight. 2, 3 or 4 wherein the concentration of
chlorine dipoxide in said inert carrier gas is at |east about 10 ng/L. 10 6.
The met hod aagoTidi mghddoactdrdingTto3CIiETOOW Rl SHIMIhE Tiodde gasIOaE 8 téthpeRture of about
subtilis var. n2der. 7. The nethod according to Caim3 wherein the
concentration of said chlorine dioxide in said inert carrier gas is 10 to
40 ng/ L; and thBreanethod acebrding| ta Claipe 1thwirerelh $ajd sugacatcotnpiiset thalpes) tmpsdiabld SurfgceTdie
met hod acc®r di ngedical @lagentaldnpigeanti n | medi ately prior to exposure to said
hum d at nosphere said spores on said surface were exposed to an anbi ent
rel'®ti ve hunil@i Agnetspd foegeyilizingan asislouhich inpludes anpprenteliy mejsiuradres uifreacoptamimtes with
3 wherein sai d $ASreaMhigh conprisegistRpsing sajhsyytacede e/gasppps phmosphege eppPrited chettagnediowide
to d ai m 5 wher @45F"S 47ty vepas whersly the Wﬁgé’%ﬂat?’d’a%%f’b“l?rﬂ"ﬁ?sm?ée i3 jadapteod &o gjiance
at | east aBBout ¥ g S99 §porep iR ing, ORI ABRLY 3R 1B B 1 or 3 wherein

sal g/s W f aceﬁs.c‘ﬂ‘gpl{létﬁo% aE&?dIn%% fcﬁﬁneﬁ) Jvhe?e'?n &rlc} g'jﬁéo%s g’lrr]n%sphere is prepared by admixing humid
air and a previously prepared mixture of chlorine dioxide in an inert carrier gas.

4 17. The method according to Claim 15 wherein said gassous sterilant is comprised of a mixture of chlorine
dioxide, water vapor and an inert carrier gas.

- 18. The method according to Claims 16 and 17 wherein said inert carrier gas is nifrogen.

s0 19. The method according to Claim 17 wherein the concentration of chlorine dioxide in said mixture is at
least about 10 mg/L.

20. The method according to Claim 16 or 17 wherein sald gaseous atmosphere is at a temperature of
about room temperature to about 30° C, and whersin the relative humidity of said atmosphere is at
55 least about 60%. '

'21. The method according to Claim 20 wherein said spores are spores of B. subtilis var. niger.
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25 wherein during sterilization said article is contained in a materi al
which.is permeable to noisture and chlorine dioxide gas

accordl\_g to Caiml, 3 or 7 wheregp osiiaGedBIres are exposﬂ"lmmumnmm,”",
gaseous=thl orine dioxide in the dark or subdued |ight. 30 18. Thé nm#t hed *
according to Claim 10 wherein said chlorine dioxide gas is at a tenperature
of about [28r e mepd afteedingele Rloith towhereili seig attiole @l aamericaiCor dbrtal mipleneati d sur f ace
conprises the gas inperneable surface of a 35 medi cal or a dental

i npl ement 231 e methasacerudingote Claira 16 wherpin gaid priage is @krosaghih edid #tmedpbete in thendark or
essential |y f¥Awdig. free surface contaminated with spores which conprises
exposi n§ said surface to a gaseous atnosphere conprised of chlorine dioxide
gas and vveﬁ‘em mefad acaﬁWT@F%F%c'fﬂe?a"f‘ﬂﬂﬂﬁ d‘-‘fiJPg Herflizgtion; sgib priqieyls capteinest g Jpatrsiple
i's adapted t 8MEHRRALE bferfgmﬂﬁt"ea" §'E]%’l9%ﬂ'f”f‘fﬂqaﬂy of sai-d spores to t he

spor i ci dal t|o of said c met ho cco

Clpal m 15 goggiﬁ% m# Egp E%v:eﬁs' ﬁtgl?' 86"'5?/ statiraten %Fd’e'iii r
and a previ ou y prepare ?l?o?b ifoxide in an inert carrier
gas. 45 L )

steril ant IS@%@SE@ "%qg%r%dd;(ggrrnéqé?q% Oeli‘lnlsral%g% %éx%?%lge%fo%faetggs?&gapor and an
i nert car rgeGénditafionsl8. The method according to Claims 16 and 17 wherein
said ingrt carrier gas is nitrogen. 50 19. The nethod according to Caim

17 wher ei ny, t P@m6dd"oliNal stériligafionO ure YuRdch WBserlicerhehe elopRad Himiths boHidnined paf des

| east about #dredliomprerdnt 1ebNstapd® lalaRsbsétCIed EsbrddTsut Qadftd Sirfabol 8 WAE athosIMBRY Rinlide
sai ¢_gaseous g2ki¥e Joie bifisior & séhsibiftBPREdies! lsforss 2 alne Whirfick@MshtRATREbBEUSHS duf
about [err], dapdsentadies spdrhe araé ldnid ddUidxgdd Yo cHloré @bduwadi® P [§es Portelr MértedS

| east adout &6CHee il stdrhiser retdaetacaccor ding to C ai m 20 wherein said spores
are spores of B. subtilis var. niger. 15 EP 0 159 660 Bl 22. The net hod
-accor di ng % oMéhedersplrblawgvendidationsiapitiiaditetaingispghéechumideeieasl se commbend'ait humide.

| mpkenent. 23. The nethod according to Claim15 wherein said surface is
expoSed t ¢ sMP¥odatsaion sirevepdigation o0 daditeatmpsphird Hureide gazeise se epmbase didirchumiste fquid
accor di #ig t 0eti2aine tempérgtae epmprise i pey Psscantrs la tempérpturg Aimiviapie et envison 80 C et ol
cont ai ned i nFramidi elefivel dugiheichumide estaurdeliisteavion 80%: st ure and chl ori ne di oxi de
gas. 25. The nethod accordin o dainms 15 t 17 vvherel n i.nmedi ately prior
to steril |4z W‘B?Pessalf’a '%i%?"@‘a?g‘l%rz@ @d'te surface %q%rﬁﬂ!"@ﬁtpe'i‘ tAu; eins
huni di t é g?rg m riE?Pfng‘P P AHG Dipves 8RR 9P t o
25 wher®in s&*f?ieg?ﬁ" E“EF‘BS ?F'EB?A“F@'& BB endl cat | ons 15 1. Mt hode

pour |a stdr Mé%ﬁ%téefaﬁ' lad.fe\‘,‘e%%caiﬁéﬂ | af% &% 50 c%.'wée%g&mt due%iSJgP f > Shion g} \eh?

cont am nee p ﬁﬂé'p an&lS esS spores <8

| adite surfaCe a une at rms ere m de” gazeuse pour armll | orer Ia

sensi bi ld te gRMode!s8in Eﬁ%ﬁcﬁcaﬁowﬁu foktittd £pored! bdnt bsa@bired v ! BRARURN higerPU! S

d' exposer |esdites spores a une quantite de bioxyde de Thtore gazeux dans
un 'gez pord, e WisthbddCdeloR 1=2fvendicatidh B SUA1E Bodeertfatichl dbit bibB8s db akird Qans Usdit3R£ portdur

M6t hode sol Omehtedest €8/ RNRCACCAG ; %nomadi@tuuhsanbrbleuvafe&WMrneeMmm gazeuse se
conpose dWair hum de. 3. Methode selon 1a revendication 2, oOladite

at nospher es. hméinos spion dal s@ersization ) 08 dmaléditement) adactcoxpasitio? 8 ladite al®bphére humide,
t enp~r at ur e teedites ispwesa syvdaditp r sugace nint été| expbsdap ar we uueiditéiambiatte relétive rdei mams 30
C e{_ob d'environ 30%. ,

9. Méthode selon la revendication 3, oll ladite humidité relative est de 70%-95%.
45
10. Méthode selon la revendication 5, ol lesdites spores sont exposdes audit bloxyde de chiore gazeux
pendant au moins environ 2 heures.

11. Méthode selon la revendication 1 ou 3, oli lesdites surfaces comprennent la surface d'un article et of,
50 pendant la stérilisation, ledit article est contenu dans un matériau qui est perméable 2 I'humidité et au
bioxyde de chlore gazeux.

12. Méthode selon la revendication 1, 3 ou 7, ol lesdites spores sont exposées audit bioxyde de chiore
gazeux dans I'obscurité ou de la lumiére tamisée.
85
13. Méthode selon la revendication 10, ol ledit bioxyde de chlore gazeux est & une température d'snviron
27°C.
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lhum dit4 relative dudit air hum de est au dela d' environ 60% 4. Met hode
selon la revendication 2, od |ladite surface est exposé6e aﬂ“l" I’“ Hﬂ“ﬂﬁlu
pendant_au nmoi ns environ 15 minutes cEPP#R&BABInent apre

sont exposdes audit bi oxyde gazeux de SO chl ore pendant uh tenps
suffisant po A l I ad C 5. Mt hode selon | a revendl cation
1, 2, 3 ou 4U' B% blo 2% Ea G °a§ fli ‘@N&‘Z“&&“&‘I‘ﬁ"éi P8° FfAce Impgympablppyx gaz d'un
porteur. inerte est 8‘ au enV| ron 10 ng/i. 35 6. MLt hode. sol on | a
revendi cati 0”I53Méﬂ96|;§3§rq$ Ltgrfﬁsa%prpé Groa % re%&fag Rgﬁtl | S 'humIdlté
niger. 7. W+t hoggaaitseBe E&arefs%ﬁ?%bn&@%'e%s mposée
bl oxyde de chl opigxyds8s cHisé! bdze kot d@Q&Heﬁ'rlHeahrlﬁrl auﬁ phl
I adi te hum di t Gedi Bbspish ¥ @mBlioter & sBASIDING! dASditSS $pofeS 8 I‘Z(Qo{‘l spﬁ d% du eS&loﬂar'
revendi cation 3, ob i medi atenent avant exposition a ladite at m)s ere

humi de, | esditeemsEamnr Rin 34 Fevbraikhtion 18U Rak aﬁ.bsg: gi‘d@éb’sgﬁ%réﬁaﬂé@%ahh\%ﬁbtddmr
anbi ant e rel at i kenidbost M0k MSlaklic @ROBars AN pra&idite & 02 Q¥ linl g8z M@ MbE.At | ON
3, oci ladite humditd relative est de 70% 95% 4S 10. M-thode selon |la
revendi cat i ori75Métbddelseisnl latrevendicptinnds, ahidetit sEKiBestgemuRsiompie @y Gblstgs dIYiRyd de
gazeux pendant ehiprarde vepewriear eini'ud gheporteg inetd.. Met hode sol on | a

revendi cation 1 ou 3S obi |esdites.surfaces conprennent |a surface d'un
article etroliB., Métode seloplenitgantlicatiansstbet 17, ps ldibgaa portendinérieast dedemteest cont enu
dans un matdriau qui est permable a | Phunmidite et au bi oxyde de chlore
gazeux. 12. NBtmélfwlesebnip eyendiealieif e eppoeptratign gy bipxyde e chierdideessieditynglenge est
sont.expos6es aﬂlﬂI’fw"ﬂﬁ’(?Me de chlore gazeux dans |' obscurite ou de la

| um bre tam see, 13. Vet hode soI on I a revendi cation 10, ob |edit bioxyde
de chlore Ya gu%étB%dP Gd% “E" &7 A\ g atmosppére gazeusecest 3 une jqmpérature
14. Met hode sel sﬁ% S/tg %WQ'a&ﬁeﬁénvg‘Eﬂ?Oage"t(%Mﬂﬁ reiafle de ladite
surface | nper meaPPE 40K sﬁma'"t?r""éé‘c %s0ire nedlcal ou dentaire. 15.

Mot e pour , | L.

essrekn'tgl ol Izgrrelgl ?Méé])ﬁ(ogi% %lbr?%tr%\{%m%:oﬁgo %ﬁgasgdeg $| \"Jts as%rﬁﬁgsggpégs Hglgrs\%fé't:hg 9ar nigar

consiste & e’é@%&ﬁo&e%gbﬁﬁre%ﬂ c%ﬁ@oﬂ%?qt%&?@ﬂ%ﬁ%&eﬁ W&gm&me de

bi oxyde de chl ore gazeux et e vapeur eau e vapeur d'eau
dans | adite bnMSHES rsao@ﬁtreeﬂam&&e: 500AABRNb isGHFaRS eétexp%eéasa Kéitle | atrifosPHRRFichS Pobscurits
spares A |'acti & aRafidrsiafissiudi t bi oxyde de chlore. 16. Mt hode selon |la
revendi catdgon 15, 0O | adite atnosphere gazeuse est preparee par nel ange
d air 10 20.UKtEthszle @blordlia tisveritizhiion 08, difpeftanitda strlipdtickbleatbarfcletedt tntky Gias e matériau
chl ore dans un gshnéapleratibumiditéreesd Hoxyde/de dvidtelyagkx.sol on | a revendi cation 15 o
ledit stdrillsent gazeux so conpose d'un m-l ange de bi oxyde de chlore, de
vapeur d' eau 26t Méthasie sgjarrlep@randiationsiidrit ¥, olt immEédativiient exdet stiulisativn| lessites spores ont 6té
revendi cat#ons @@osdes & e hyiiditicambiantgaelativeiniédeire 3 ervirane30&st de | ' azote. 19.
m~t hode solon la revendication 17, oOla concentration du bi oxyde de chlore
dans~| edi t m2p-aMéfaodasselon 'ure AHsfcaasiug (esnggvpndications 7. & At pfbisadiew [spifey gont des spores
revendi cation 1958GM¢es o ladits at nosphere gazeuse est a une tenperature
corrprlse entre _a res la tenperature anbianto et environ 30 G et ob

' huni di t e ré'FEEI‘I"G "&‘8’ I adite at nosphere est d'au noins environ 60% 21.

I\/Iet hode sal on | D | 0
o ssvar n. nﬁ:%r{éafe: FSI Qnggé% sG] jn?%uc tgi:?ei rth s §n§ 83 eﬁ(g:?;:

article est un g ezﬁerﬂsh% ot oo % L o cen
r evendi cat j;on iy, aéﬂ%daaim"senw nﬁmdéﬁ?ée °' In@e %maa.ei’}a & o horton

| " obscurite Trigergas, die zur Stenlnslerung der Oberfléiche wirksam Ist

2. Verfahren nach Anspruch 1, wobei die feuchte Gasatmosphére aus feuchter Luft besteht.

50 3. Verfahren nach Anspruch 2, wobei dis fouchte Gasatmosphéire aus feuchtet; Luft besteht, welche eine
Temperatur Innerhalb des Bereiches von etwa Raumtemperatur bis etwa 30 C aufweist und wobei die
relative Feuchtigkelt der feuchten Luft iber etwa 60 % betrégt.

4. Verfahren nach Anspruch 2, wobel die Oberfliche der feuchten Luft mindestens etwa 15 Minuten

55 ausgesetzt und unmitielbar danach die Sporen dem gasférmigen Chiordioxid flir eine zur Sterilisierung
der Oberfléiche ausreichende Zeit ausgesetzt wird.

5. Verfahren nach den Anspriichen 1, 2, 3 oder 4, wobsi die Konzentration des Chlordioxids in dem
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ou Ala lumere tam see.. 30 24. Methode solon |a revendication 15, o0
pendant la st~rilisation ledit article est contenu dans

per‘nea@_,e & I"hum dite et au bi oxygkepdso 640 BT € gazeux. ¥(“|mmi“)mw ““}‘“l
| es revendications 15 A 17, oQ I mrdi at enent avant sté6rill+sation. 4 esdit*
spores ont ete S5 exposees a une humdite anblante relative Inferl eure
a envi ron 30berte Brigevgasmintiestensiebys 10'mofderdgidgtonque des revendications 1 a

25, 00 lesdites spores sont des spores dess6chees. 40 PatentansprUche 1.
Ver f ahr en queraSPEﬂ?Chﬁsﬁpéachlﬁgmé?'ﬁ@rsPP’ﬁ?ﬁE%WF EcﬁﬁﬂEf’%kﬂ‘.ﬁ?&kel tsfrelen, mt

Sporen verunrei ni gt en Qoer - unf assend die Stufen d Bep ndl u lder
Spor en &uf? d¥qriakmprbpach Apsprich 3, t‘”°8?'r‘i’ o, Kop E&% % ?ﬂ'@q ' Eﬂﬁsder
Enpf i ndl | chk‘éq ho/iier bessagh uag,web '&%m@?"ﬁé O 'F'Uf“@ Jate(d | - 45

si erung, nd n Be ndI n ren mt neu h%ﬁirr%rﬁﬂé ed%s oren
Chl ordi o V‘? g w'r i@ N P
Qoer fi :ic)rie '@1}?@ he ?ner\/?a?t'f'earh ruc ‘%H Elg elljmé e’?e eZt

Gasat m)gphlr s feuchter Luft besteht 50 3 Verfahren nach Anspruch 2,

wobel di @ o el (37 AIRRIPY Hobol BidSoidiid!dibitick 16 bislds 5 Bdigr. V! Che el ne

Terrperatur | nner ere es von etwa Rauntenperatur bis etwa 30 C
auf wei st ugdvyiaRe) ntbthCatsplugt sve«ob%etaeh*smﬁe&ém dhfordioRidgd3t MiRddstehd otWle smhasn 60
%betragt 4ausb@s§mcﬁﬁl nach Anspruch 2, wobel die Qoerflache der feuchten
Luft m ndestens etwa 15 M nuten 55 ‘ausgeset zt und unm ttel bar danach
di e Spor en1d9snaaes nadhMgerciCh | edefl 30 woishi fdid™ OBdriitizhenu die Dterfithieseiess Ubagerbtandes
Cbgrfi che augmhmssem atbéiokinrend SereRerigéruny dotl Geganstiferrifi ainere Matedd lgetalion wird, das
Ansprtchen Llsur Beucligkeit@nd Chlordiodidghs dlirehizksinizent r at | on des Chl ordi oxids I n dem
17 He O 159 68601 I O I I I O B N HIN'!inertelj
Tr ~ger gas' 12i Netzbibe nesh dnspeuch 0, gl 7, welbel te Spareft deﬂﬁgwﬁmigﬁﬁr‘%‘h@%‘é in der Synkefesi 3,
wobel di e SpodesgedBpplitesnlichbausg@selginerdeni s var. niger sind. s 7. Verfahren
nac nspruch 3, wobei die Konzentratlon des Chlordioxids in_dem|nerten
Se«r gas. 180 Veyfayren gach@inspruch 10, pebel aetcwwﬂspxmérneapewewm e o &alrt'ﬁetjke. t
m ndest®ns etwa 70 % betr wag 8. Verfahren nach Ans @H di
unmi t t el bat4 Yerahia packiAnsy °B%‘|‘d'°f %Hﬁ?@ﬁ'“ﬂtgm%ﬁéés'% gl\é@?e?ﬁ'esa'ﬂ? Ay
Ober f | ache ef¢hep °‘F°éFa§P'T'Wi“ mee8ticht i gkelt von weni ger als etwa 30 %

2:32ﬁf?§izﬁlvw§u@%zg; eag "g@, e e
st,
t,

ei

Spor en Y‘?gﬁ wobel asser-

wer den. ' s‘%@ﬁ' g%@ géhifd |
Qoerfl ache @a%;' g %ﬂg sen un(?rwomlg}‘wa w-?w end der gsg%erl I |SS| ereung
der Cegenstan el nem ter| a gehal ten wird, das fU Feuchtigkeit und

Chl or di gxi g9 b GiBén ArsBruh 1§Wob¥g|e%fﬁﬁgefﬁmés%mr@aﬁ& Rermpenen Roril teuchied Lt

7, vvobel di € PSR o hdagsSE R Bedifistn i6l sihé GhertenDiiglsighd terdosteltti wird.
geda.prpftem LICht ausgeset zt werden. 13. Verfahren nach Anspruch 10, wobel

das Chl or d{QXiefih RicH AndAIER EI5AWdbel \Uas gaifvanigs 7StGilisatibresiitot aus? Ginei Geniself a0m en
nach Anspr uclohibiioxiaOlgkerahingf (daairen-iadnen Bligeegagbstamiur chl i ssi ge Oberfil che

ei nes magli zi ni - schen oder zahnnedi zi nischen Ger~tes unfalt. 15. Verfahren
zur Steri | 1%iverfalray neéhriies AGpdiohmst18mak 7, wohs| dasdnerte Tgergas Sfigkstethist | chen

feughtigkeitsfrele, mt
19. Verfahren nach Anspruch 17, wobei die Konzentration des Chiordioxids in dem Gemisch mindestens

otwa 10 mg/Liter betriigt.

45
20. Verfahren nach ‘Anspruch 16 oder 17, wobei die gasférmige Atmosphére sine Temperatur von etwa

Raumtemperatur bis etwa 30" G aufweist und wobei die relative Feuchtigkeit der- Atmosphére minde-
stens etwa 60 % belrdgt.

50 21. Verfahren nach Anspruch 20, wobsi die Sporen Sporen von B. subtilis var. niger sind.

22, Verfahren nach Anspruch 15, wobei der Gegenstand ein medizinisches oder zahnmedizinisches Gerit
ist. '

56 23. Verfahren nach Anspruch 15, wobel die Oberfliiche der Atmosph#ire in der Dunkelheit oder in
gedidmpftemn Licht ausgesetzt wird.

24. Vorfahren nach Anspruch 15, wobei der Artikel wéhrend der Sterilisierung in sinem Material enthalten
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~so Sporen verunreinigte Cberfil che aufwel st, wel ches Behandel'n der——
OGberfi Ache mt elner aus Chlordlo- xidgas und V\asserdarrpf
gasf oryri gen At nosphar e unfal t, wobel EBOI5886@81an Wasser - ” gﬁg’””m
At mosp are auf eine Er hdhung der Errpfi ndl i chkeit der Sporen gegen

spori zi de erun des_Chl or di OXI ds bgestel |t ist. 3s 16. Verfahren nach
Anspruch 15, wishaps i Feugngaieg pnd i RS hierias H’d?"ch Ver m schen von feuchter

o B R 7S 518 e g o

feuchligkeait upter etwa
das gasf 6r m ge oSt el aus i nem m sc von ChI or di oxi d,

Wasser da f ach den
Anspri chen 1%n dd “%W%E’éﬁ%a%ﬁ@%? Zjéﬁg%ﬁ"e’?maess‘éﬁ] éﬁst o s?%’% @an
Ver f ahren. nach Anspruch 17, wobei die Konzentratl on des Chl or di oxi ds in dem
Gem sch m ndestens etwa 10 ng/Uter betrdgt. 45 20. Verfahren nach Anspruch
16 oder 17, wobei die gasf8rm ge Atnosphare eine Tenperatur von etwa
Raumt enperatur bis etwa 300 C aufweist und wobei die rel ative Feuchtigkeit
der Atnosphare mnds- stens etwa 60 % betr~gt. 60 21. Verfahren nach
Anspruch 20, wobei die Sporen Sporen von B. subtilis var. niger sind. 22.
Ver f ahren nach Anspruch 15, wobel der Gegenstand ei n nedi zi ni sches oder
zahnnedkzisi sches Gerat ist. 66 2& Verfahren nach Anspruch 15, wobel die
Oberfiache der Atnosphare in der Dunkel helt oder in gedanpftem Licht
ausgesetzt wird. 24. Verfahren nach Anspruch 15, wobel der Artl kel wahrend
der_Sterilisierung in einem Material enthalten 18 EP 0 159 680 BI

11 9111 111111 1 11111 1111 * C . L M S * ist, das fU Feuchtigkeit
und Chl or @ oxi dgas durchllssig ist. 25. Verfahren nach den AnsprUchen 15
bis 17, wobei unmttel bar vor der Sterilisierung die Sporen elner relativen
Ungebungsf euchti gkelt unter etwa 30 % ausgesetzt wurden. .5 26. Verfahren
nach ei nem der Ansprlche 1 bls 25, wobei die Sporen getrocknete Sporen
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