
UNCLASSIFIED

AD NUMBER

AD293653

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational use; 27 Apr
1962. Other requests shall be referred to
Chemical Corps, Army Chemical Center MD.

AUTHORITY

BORDL D/A ltr 22 Oct 1971

THIS PAGE IS UNCLASSIFIED



UNCLASSIEFHED

AD 293 653

ARMED SERVICES T•CHNICAL INFORMAION AGENCY
ARLU7 J'ALL STATION
Ac ~Tr ~ VG, T V AIRGNI

.t=Fl Erwr inD



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any -way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licetnsing the holder or any
other person or corporation, or conveying any rights
or permission to manufacturo,ý use or sell any
patented invention that Lnay in any way be related
thereto.



REPRODUCTION QUALITY NOTICE

This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quality
problems:

* Pages smaller or larger than normal.

* Pages with background color or light colored printing.

* Pages with small type or poor printing; and or

* Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy output
you receive.

FE7 f this block is checked, the copy furnished to DTIC
contained pages with color printing, that when reproduced in
Black and White, may change detail of the original copy.



F¶32-3fli2 (c: #2)
JlW: R-233,.a4)

27 A]Wil1 1962

XMTATI(US RZGAPDIN THE STERfZINGM EFTMT 03 L~T-MMM OME~/CA1MON

DIOXIDE KIJX'URES ON BACTERIA AND 13CTERI SPORES

Cm=

U.S. *O Poii IBLICATTONS RSESARCLT SMRICE
)L636 comsm~icw~ AVmER, N. W,

WASRINGI'ON 2r% D. C



ASTIA AVAILABILITY NOTICE

Qualified requesters may obtain cnpies of this

document from ASTIA.

Thi4,jblication has been translate om the open
iitc'i4 _and is available to tlesgeneral public.

Non-DOD ag i a ifay purclas-6 this publication from
the 0f$-i of TechnicaJ,. er~lces, U, S. Department
of Commerce, Washington 25, 1). C.



OBSERVATIONS REGARDING THE STILIZING EFFECT OF E2 N 0X=I/CA1m0

DIOXID M RS ON BACTeRIA AND BACTERIA SPCRE8

(Folloving is the translation of a German-language report
by K. Bucher, Hausmann Co. Laboratories, St. Gallen,
Switzerland, in Reports to the Int. Cong. of Microb.
Standardisation, 1960, pages 397-401.]

Te capacity for reacting of the 1, 2-epoxides -- unusual from
the chemical aspect -- of which ethylene oxide represents the simplest
homologue, bas been exploited in the biological application fields also
since the 130s. At first the strong biological effectiveness of ethylene
oxide was used in anti-pest measures. The advantage of the possibility
of &'cold sterilization, particularly with thermolabile substances in the
foodstuffs sector, was recognized next. In the pharmaceutical and medical
field, where the problem of a real sterility naturally constitutes an
essential condition, interest in cold sterilization methods awoke first
with the appearance of the thermolabile artificial materials. Now, over
the last ten years, a whole group of writings have been published that
deal with the sterilizing effect of ethylene oxide. According to these
studies, fungi, yeasts, and a whole group of bacteria types are killed with
certainty by ethylene oxide (i, 2, 35, 4., 5, 6, 7). The sterilization has
been described of, among other things, infusion instruments, catheters,
cyutoecopes, and other medical implmarnts (6, 7, 8). Viruses, even, e.g.
foot and mouth disease virus (9), are said to be inactivated by ethylene
oxide. On the other hand however there have been voices raised according
to which full sterility cannot be attained with ethylene oxide; or they
qestion there being an effect on viruses (10). Thus Mayr and Kaemmerer
(2) reported that dry gelatine could not be made sterile with only ethylene
oxide in spite of the use of very high concentrations. The autbors there-
fore recommend for this purpose mixtures of ethylene oxide + propylene
oxide or ethylene oxide + methyl bromide. This situation shows clearly
that published results cannot simply be taken over in every case, so long
as completely similar test conditions do not exist. A broad and most
interesting field of application is the cold sterilization of thermolabile
Parmaueutical products. Thus according to Kaye and colleagues (11) penL-
cillin in powder form can be sterilized by ethylene oxide without reduction
of its activity, whicle streptomycin loses over a third of its activity
in the same conditions. Diding (12) reported sterilizing results even in

Ithe case of aqueous penicillin solutions; but the layer of liquid to be
sterilized must not amount to mcne than 1 cm.

One "--" on the other hand that alterations of effect are to be
expected owing to the strong liability of ethylene oxide to react with
functticnal groups of many substances. Thus according to Windmueller and
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These esples will serve to show that the sterilization of
thernolabile pharmaceutioals involves a broad field that still recuires
much clarification.

Ethylene wdA,&hs ba sumed by far the greatest ipfoltame aOng the
compounds that are really suitable for cold sterilization.* WQ~pLOiSItUon
has. indeed been recoauended as effective for similax purposes, but. just
recently Wisely (1k) has drawn attention to certain carcinoginous qualities
cC this eccpound, Thus ethylene oxide may well, rlgtly mintain the, place,
it has, wo: 'it not beaii biawn to have, #ide-effects of this sort.

Pbr working in factory-type surroundings ethylene oxide is mosly
used as a mix with carbon dioxide. either m T-s, a mi . ,dturo Of 9 parts
eth~aenc oxide + 1 part carbon dioxide, or as Cortox, a mlxt6we of 1 part
ethylene oxide + 9 parts carbon dioxide. The latter mix possessees the
advantage of being as a mixture the only non-infla ble and non-exploS ive
one. Cartox is preferred in our firm co the grounds of safety a VeLl as
of the simplicity of handling it. Since 1957 infusion instruments "have
been sterilized almost daily, and in this case an the basis of repatedly
conducted sterilization checks the procedure used may be judged to be
realiable and sure. A qualifying reference muot however be maet to the
fact that the components made out of artificial materials are poor :In genrm
by their nature when properly mnufactured and stored, and that the
assembling of the infusion instrumuts takes place in hygenically unexcep-
tionable atd practically dust-free rooms, with the greatest cleanliness
teing mdintained. In order to create the moot difficult conditions for
thcheckn, 1.ieces of filter are placed in the check instruments, which iiave
been exposed in the womk-pI.ces for twelve hours. So as to be able to g4ive
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us om a t piie n ~-I crb of the lzmitm of the effectivenems of Cartem ±n
the case of substances as well that are not of themselves as pmr in geras
as awe many of the artificial materials, with their hardly humidifiable
surfaces, the tests described below were oarried out with bacteria and
"their spares respectively.

The ;reparatiou of the spores suspensions was carried out in
aweordanae with a peocedure that is modeled on a awthod described by
Orady and colleagUe. (6). Pieces of filter paper were used, about .53 an
In *Iuo- vhinh haA lop1.Ain IrwA 4,1 nuAm wmin rn~a-lema4 that4 bM.A: 1...
mashed several times and Vhiah Wad been dried In a vaWuma at 35 :. or the
tests with the vegetative bacteria forns, pieces of filter paper of the
asme size were also need, which were on the other hand dipped in infested
vared liquid culture mediums and afterwards kept = "Potri"-dishes at

20 . As %= only conern was with the clarification of the total steril3l.ng
effect without regard to any eveutua. quantitative conditions, the tests
were transfezred, as in vaccination, imaediately after they hbad been
Cartoax-treated, onuto bouillon-, or onto tiog3mo- le-culture mediums
Which were incubated at 570 or 200 for 10 days. Bac.subtilis (Noete
obtained from the Bacteriological Institute of Zueriah University. );
soil bacterii (Note: obtained from the Bacteriological Institute of Zuerich
Univerasity.);.bac. mesentericus (Note: obtained from the Bacteriological
Institute of the Cantonal Hospital St. Gallen.-); E. a0o (Note: obtained
from the Bacteriological Institute of the Cantonal Hospital, ft, Gallen.);
staphylocoecus aurents (Notte: obtained from tbhe cteriological nastitute
of the Cantonal Hospital, St. Ge&llen.); streptococci, of an undetermined
variety (Note: obtained from the Bacteriological Institute of the Cantonal
ftspital, St. Callen.); and lactobacillus farmenti, were the, sorts of
germs used.-

The infected pieces were placed:
(a) in the droppers of the assembled inNusion, instruments, having

the endas fitted witb artificial matfrial caps, whichL were closed with non-
de-greased absorbent cotton;

(b) in empty polyethylene bags, with sides .05 =.j thick, and 6 x 4
cm in sise;

(c) in polyethylene bags of the same size, that contained 5 ml of
sterile .90 sodium chloride solution.

All the polyethylene bags were sealed before the treatment with
Cartox. The Cartox-treatment was conducted in a heatable pressure hamberj,
which had been evacuated berore the introduction of the Ps up to 40 = of
the mercury column by means of a water Jet pimp. After Cartox-treatment
bad been carried out it was evacuated afresh; and filtered air was then
allowed to flow in. Table 1 [see appendix] shows in the case of non-
spcxe-forming bacteria the sterilizing ef•ect of 1,000 mg ethylene oxide/l,
correaponding to 4 atmospheres of Cartox, at 200C after a 14 hour exposure
period.



U.Ll tyj'u ý;eai t ~rtes dfnnstrated that stex.11.Uty~ is attained

Mae o:terlzixg of uspre-fformero Xesexfted 'mcwe difficult: _1 bfecUai
the sporems howe~d Ch~emse-ws to be obviously resistant to the Certoxc-
treatment. The resul~ts in question are shown groupe In Table 2.

It was shown that' often no aterility Vao 'to be attained with P,
C~art=c press.we of 4 atmospheres, even though the reaction temperature h84
been raise~d to or~ ýG-C atv- t~he recinperi~od to 20 houre.

As a factor that should prds resu~lts,, there remained a raising
ct the ethyl~ene oxidel concetration, i.e. a farther raising of the Cartax
pressure.* Rovee're our~ attention was drawn by owe infoxwubion fromi our
Cartoz suppUer to an addi.tioral poosibilityr of an increase In the ¶eftect
th*. Infl.uence of ain apprf.ýWiate. air-conditioning on tha .which in -to ix
sterilized. According to this informatiorn. the degree to wbioh theyr have
bemn soaked, is -*0 eetij. iortaue Iiao~h killing6 of spores.. A pre-
air-conditioning with very high air-h=1±dity. several hours before sterili-,
mtiam is said, to l~ad to good results.

The test of oura reproduced in Table' 3,ere thez'ef ore conducted
with an air-humidity o± pracqtically- 100% being mai&~Ained. ftis device

eesas in feact to, av been, succ~essful.

..In comtrant to the earlier, irisufricietxt, results,, with a Cartox
pressure of 4 is tmospberes sterility could be attained in the tests withouxt
iUquid Sftel. 3OEL - 1A~ hours, regardless, of the reaction temper'aturte. In
-thde gase of-the tests insertedý In .9% sodium chloride solurtion on the other
bands th* reacti~rL temper'ature which was raised to 4i00C seems to bove beg,!
Of some influence as regaxdm the spores of bac..mesezrterieus and the soil
beacteria'. AJ4thmg ia the'laot.. conditions in. every: case sterility uass
aa~Ipeved , we . on . idered the are .a off safet.y writh the sterilization of liqýIids
scsevhaft too sma, U-, It sewms to us that nothiti: less than a. Cartox Prescorre
ofý about 6 atmosvheves is clear In its reaultos a nd~ Of a auffic lent dekre6
of safety, for the: annunIs of liquid and ~the sorts of giorms investigated,
aud this corres~ponds to a ethylene co.de cowientration of aboix- 1500 Mg/i,
In future fin our- aptnion in the case off material containing spores, reactiou
tezaperntvrea of ctwer 20C)C and erpcqure timaes of at least 10 bours OUght
'to be oibserved. At the same tir ý,j In order to be safe from surlwises,
tt i.8san 'Absolute -prrextite with 7eaations of the sor Lh- thfere
st -baili be aterility chacks over a loatg perl~od,

TT'~~on rt'/tI~o:'-ý,'thylene oide is Twbat is 7-_Dly~ '*- N
T hen thle c aoentrvti~on ,s, ~yeat edC1:U&, t!",

reacin ca be r r',by sdaeqtate bumzjuaiftaLon aoa aistug of~



reaction temperature. For mterial containing spores, gas applic. 4on
tines of over 10 hours must be selected. The sterilizing effect is as
good in the case of thin-walled artificial mterial eckaging as in that
of open syustr•. With aqueouz solutions sterility wVa likewise achieved
in the test conditions.

An Cartox is not inflsmable or explosive and as also the toxicity
is relatively small, its working in factory-itype ]ressurized systems may
be judpd to be simple and foolproof.
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FIGUTRE CAPTIONS

Ta bl 1 Effect of ethylene oxidse on non-epare-forming bacteria
cartox Iresnuae 1+ atmospheres
Tetmperature 20 - 250.
tcposurelperiod 14+ hours

E. coli 0
Staphylococcus aureus 3

mizwd variety 0

o - sterile. X - fl4oth

Table 2. Effecot -of ethylene o fid on pore-fottag bacteria,
CartoX Pressure. 4, atmosphereig.
BEposure period 20 hours.,!

ieAection tempjerature ý 500

Soil. bacteriaw. #i

a4 40% of testsi vdý'e ud~sterilea, 66% trl.

¶fale5 ffect of1 IthY104S OXt4e on OPa'es. Bus] tsions:.A

N, .i u~tot~ 12 hours at.'
aboutioariwdt

Owox pes~

Reaction temuperr~tue go0 ...
Eiosue pe~d2h

Spores oftI
Bao.subtiliS. A..

B.

B.
C . .

Ci~4 1 ~rtertaA*.

B6



At infected test in droppers, open s.yt.e.

Bt infected test in sealed polyethylene bag.

CS infected test in 5 al so-lium chloride solution in sealed polyethylenu
bag.

1. as rejesernative of non-spore-building bacteria.
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