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( A Technique Yor As Investigation,& 1actcrial Contsmintion
Aneide Sleot•.onio Componentsg

adThe•en of spe rocketry has posed the problem-"rateriliz Tn., probes,,
r-io-ta. unchIVin)which might impact an o'xtra terrestrial boWy. Contamination,

and possible infection of these bodies with earth microorganisms could interfere s-
with )or completely invalidate subseq-utnt biological Investigations, and urique

L)op'jportunities to investigal the orion of life on other plaest4mce--AW-Ift-A J I 'A fLý

forever. A "hard hit" bm?' *1sile on the mone or one o6 elanet. eopala re• . ..
in shattering the probe and all its components. F6z this reason the missile and
all its comporents must be sterile not only externally but internally as well 9

For seveiral reasons, the main one being that a variety of senaitlve materials
vould be damnljed by other techniques, ethylene oxide gas will be 4fed to sterilise
the final assembled pqyload just prior to launching. This gas s remarkable
penetrr'tlng capabilities but it can not siter haermntically seaod areas, as can
heut or certain lonising radiations. Many of the never elcctznic components
a)o ea8led unifs into which the gas can not penatraree, bilt in hihch living
microorganisms may have been trapped during manufacture. Thusý we do not know
whether surface sterilisation Is all that In reouired for such Ovices. The
lack of information on the subject prompted this investigation. ""U main
purpose of this -epi knmbtudy ve to develop satisfactory techniques for-,
such Investigations,. following which rm•& n gv•U.t;a!ons of all tn'id of
components could hcodurs-e Ule emrse o0 this otu4% certain elsetronic cou-
pon!pta Vare screened for possible Internal cont•nizstlon, but only a few item

o tested, --nd the fact that a few types were found to be sterile should
hot be intexpreotd as A statistAeaUly valid etody on this subjoct.

J)T(T4L)~PkXL.z" 4170104" VL~CVW~IC- CO iftNENTS rn'ICt4 WJeULD POWtI-'7A .Awr -ME

)f',)t4 ijqAN~e',vJ APAky AT 11APC.T. 14~o W1M3Rj 4 WWM;M&

In order that all work could be performed in an uncontaminated atmosphere,
the lesto were performed Inside an airtight plastic chamber (Figur- 1), the
Interior of which could be kept sterilae. The ohax1er Is fitted with glove porto
and rubber gloves, a screw %"pe door and mall ai1 inlet tubes. In general, the
test procedure involved placing In the chmber, the eooctronic coumoents, broth
blanks, forceps, haers, mortars and pestlis, metal hinwift block and a can
of ethylene oxide-freon u•tUre. In later teots motal sees and files were also
placed in the chamber. The ohmber was olosed ad the efthlem oxide released
In order to sterilise te exteri•r of all th item and tMe abmosphero in the
chamber. Following an 84v----n Um *Q sI~am ides, air sterilsed by
filtration lbtmgh a ea eom~ etw me passed tIm. to m ebd for 16 howe
to remove the oxide. !Th folvft bae i4gIolo teeto woe Shen peorZad.
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'A pair of ich. type of electronic compontnt being in'estij-ated wsa placed
ia the chamber. After the ethylene oxide treatment, one coiponent from each
puir was placed, whole, in an Idividual broth blank. These served as controls,
indiooting that the exterior surfaces vere indeed sterilized by the ethylene oxide
treatment. The other ecnponent was then broken, ground as well an posoible, and
the pieces placed in another broth bL#wik. After being well sealed tlie bruth
iianks were removed from the chamber und incubated h-6 days and then examined
fr-r cloudiness which might indicate bacterial growth. The bottles were then
opened and liquots of the broth were streaked on tryptose ag.ar to check further
for bacterial growth. Following this, each broth blank Usa seeded with one drop
of a 214 hour tryptoae broth culture of Staphylococcus aineue and after 24 hours
incubation an aliquot of the broth was t Wakad on tryptoss agar. This last stop
was taken to assure ourselves that the blank was still capable of supporting
microbial grcowth even though no growth had occurred in it when the electronic
component was added. Positive growth in this stop indicated that the material
of whiah the compo-entwas made was not bacteriostat1, or bactericidal.

The first and second experiments were performed with electronic tubes,
diodes, condensers and realstors obtained from Physical Detection Branch,
rhysical Defeone Division, The third experiment was performed with various
types of transistors obtained from Jet Propulsion Laboratories. In this expert-
ment one or two of each type transistor was rserved for electronic tests. These
particular components were tested bf FVc John Atherly, PIysical Detection Banch,
before and after exposur to ethylem oxide to determine It etbyleiw oxide had
any adverse affect on their functionabilitl. The procedure and the results of
the functionabililr test are given in Apendl I. The results of all bacterio-
logioal tests wr- shown In Tables I - IT.

The question aroee, af ter Test 1, whether sufficient ethylene oxide mdght
have penetrated into the tryptom broth under the aetal cap of the bottles to
prevent the growth of any bacteria i4itroduced into the broth with the addilon
oZ an eleotronic somponent. Kthyleons oxide intUaly present could easily.
dissipate from the broth during the 4 to 6 days of lncub& oas and b-.cteria added
thereafter could then multiplT. Test 2 was performed using broth blanks (glaes
bottles with metal screw caps) the em ae in test 1. Also included in test 2
were a seooed aet ct the name Vp IAl•ee witA electricians tape wound around
the capse to Irte a taht e %. be* sets of blanks were eOoeed to SVJTie
oxide for 8 boure, lb* eber thV= aerated 16 hmor aad one drop of a 2a houw
broth culture of 8 $fl•ooooeue aw added io eah of six eoctiol bottles to
deterumiw if thebrl ii an iofllsepji1 of sovrftilg baacterial pwlbh.

ESULTS

No evidence of alarobial oonatmidnatim , of the elsetauiia ca.paents teatedt
was deLýamtrated In the bateriloi0ae teals pewurioed. Sea of the broth
blanks ontaining the oompOomt• were suspeot of gkw•h beowuse of cloudine.

Iubeeq us~ tift on "tuypo agr,9 hawyerw d ~traftd to sabee 3C micro-
noe e1L.uses U N pesm of eb Awl rather Obsm biolesLe a
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: * origin, caused by materials in the components beinrr tested. The results also
:showed that the broth was stil capable of supporting bacterial growth afteri- +: U-6 days Incubation viltl the various electronic compontnts, although in at

, least one case the growth was not of normal vigor.
S[The results of onoe of the untapcd oont-rol blanks in test 2 showed it was

1•oesible for ethylene oxide to penetrat under fle bottle cap nd into thajbroth I sufficient amount to inhibit rrowth of microorganisms present. Thus,
the results in test I cannot necessarily be relied upon on giving a true picture
of the internal contam1nation of electronic cmponents,

The resuita of electronic tests indicated that the ethylene oxide treabnst
had no adverse effect on the fnctionability of the transistors tested.

"DISCtSSJ.(

f A procedure to determine the presence of microorganism inside electroitc
components has been devised. Ioide a completaly enclosed system, vht-re all
surfaces are oterile, electronic oompozente can be hammered, ground, samed or
filed so +hat their interiors are exposed. The pieces from the interior can
then be placed in sterile broth blanks without ever leaving the enclosed system.

The conditions of test are such, with all manipulations being carried out
inside a sealel sterile cabineLt, hat the possibility of false positives due to
a break in stea-ilu technique are virtually excluded. With the ch:ýn made
following test 1, when the bottle caps on the broth blanks were not only screw
but taped shut so that no ethylene oxide cuuld penetrate and render the broth
bacteriostatcjit was felt that Ow possibility of falling to detect micro-
organisms if indeed present inside 1he electronic dev.ce. was minimal. Che
difficulty with the test still remains however. Should one object be In-
ternally contaminated, cracking or sawing this open could contaminate the
interior of the !Abinet and subsequent test components in the run. Thus if
20 objects were using tested in one iiun md "J. 10th, 12th And 15th broth
blanks showed growth, we would be convinced tit all the objeo.ts which did not
contaminate the broth bleke, were truly sterile,, and that 1he objeAt placed
in the 10th blank was truly contaminated. We would hve no way knowing
however whather the 12th and 15th objects weiv theselves acotminated, or
whether some organism from object 10 had been accidentaly traensferred into
these blanks. Thus any contaminated blanks obtained after the oni ihere
contaminaticm first shams up, would be suspect.

The restriction set up for probes to Venues ars, eta., is that each
probe and all Its cou4ments will be stwile. o; this reason, If we find
eve= one of 20 of uiy particular caMpoemnt contaminated Internally, sterili-
saeton of the cqxmpm t by som teesemt other than etOlae oxide wvil be
neceseary. On the oths' bued If we f•d 20 out of tOo00 a particular oaa-
ponent not eontmmbod we yotl~d be InOlled tD Nq O eWditcamal %eMtme

I 0ne9e04012 o i3.Me tWu•'UI of S, la•t-al of thu ts ecqiMMUt
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The possibility of contamination being introduced from a single contami-
nated object howevter, places some restriction an bow tests in such a cabinet
zshould be conducted. Obviously one should keep accurate records of the order
in which each ouject was broken up end placed in a blank, as well ;i records
of which object vient into which blank. Then one should utliuie as much as
possible t1m techniqueo of sterile transfer, even though the work is done in
a completely enclosed enitronment. A sufficient number of sterile forceps,
etc., should bo placed in the cabinet so that a seporate one can be used for
each object. The forceps should be touch94 only on the end which does not
tolich the object buing tested. In other w rds the hand should be treated
as cont.ninated even though one is working through the barrier foxried by
&terile gloves. In certain cases, i.e. where an object is to be broken up
with a hmmer and ani il, it may not be yossible to get 20 hammers and 20
anvils in the cabinet, but one can use different areas of tho anvil, and
separate forceps to pick up 1he shattered pieces of the object being tested.
The value of the entire technique lies in the almost virtual murity that if
all objects in one test are sterile on the interior as well as on the eXrV-;z*
this will be clearly demonstrated and that if as much as one object is not
sterile this will be showr tooe. -h; fact that one could over-estimate the
per cent contaminated objects in a mixed lot of contaminated and sterile a%@
is of lea, -3 i"mportance.

None of the components tested were I und to be contaminated internally,
however, so few items of each t"pe were evaluated that no conclusion can be
made at this time regarding the internal sterilit of electronr.c continents
in general.

Test. of the functionabil1i o1 transistors before and after treatmnut
with ethylene oxide gas indicate the gas had no adverse effect on the
functionabllit of these components, It Is iwperative that all types of
eleetrorie components, which will be used In misaile payloads that are to
be sterilized by otiqlpw oxide# be Oubjected to suillr fmctiomb1UJtq
tests to deteme whether the ostde beh a dntrIssula, effoet on =W of %t*oN Po IF

.! mtw

11...,.



CV 4. +4 C4 4 4 h it 9 8

I ~~ v4 V)
444

0 14

N IH

B ~4-

444.. i
41

'44

0-4 'S



EI 6 (1 11
434

0 a0

0 0

Alil



4-1. 4

2 .§ ~ ir

H 4
C~J C) UOWN

44-

.1 0

4)4

Ir 6 Ba



.~~ * ~ 4- -E+4 + 44+ 4-1-+I-+ 4- V--44 4

-+ +4+ t4-,- .- 41- +-4-AL-

11

f '~ I rio e04 r- 
r 4 r4i -H H4 r-4 Ir- -I HH r-4 r-4e-

0- raL 404.) 4,OL OT- ~ )O)('U )C)

Ftv

IL4 1.

li #
0

00

v00
9944

0.4

*4ý , -w

iiii



I

APPENDIX I

by
Pfc John Atherly

•-.I. t-arsistors umler teat, wlre checked for (1) Beta (the annl1
8i. ain) (2) Ico (the collector-to-hase leakage current with the

j 1J- , ran5 aJd (3) Io (i U collo u 1Qr io e4nrtter leaknge current with
th,., -e open). These values were n •iwued quantitatively, for ay
elec':-Id voltagA (Voc) which i-, the volti, -z across the transiator. The

transistora uer also checked for thorts batmaen the ro~lector-baee andcolle,,tor-•mittsr. Thorn uern no short-, ptr-r-_nt-.

An teats were made an Western Ins taumenta Transistor Tester Model

61. Two tests were run on each tmanaimtor before exposure to ethylen.
oxide gs and one teat vwa run on eadh af ter expoma•m to the gs,. The
reaults of these test are shown In T&aW V.
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Tab;ll V

Charactmristdcis cr Tor ;,n, oru Before and Aftc-x Eye•ni,, C' o
Etiiylene Chid.e Gns

Type Wise HI* ta I) 1 r.
T-,n:,iisttr Volts Cirrvnt rrenrent t• Ari Mn) 1 W.A

Ray 2N417 (1)
Before ETO Expo3ure 6 100 167 1
Before ETO Exnonure 6 10n 10( , ,
Af~tr ETO Lxvouure 6 l2o j.-, 1 i60

Before t,'* E).pontwe 6 68 14l5
Before ETO Exposuro 6 68 17C 2 -

Af, tr ETO Exposure 6 68 NI 108J

Texas Ins. 2N332 (i)
Before ETO Exposure 20 )35 422 0 0
Before ETO Exposure 20 135 A 0 0
After Ek Exposuti 20 335122 .2

Texas Ins. 2N332 (2)
Before ETO Exposure 20 135 19 1 0
Before ETO Expouure 20 135 1i 0.5 0.5
After ETO Exposure 20 1J5 18 1 1

Ray 2N327 (1)
Before YTO Exposure 24 100 1.8 0 0
Before ETO Exposure 24 100 V7 0 0
Aft.er ETO Exposure 24 100 16 0.5 1

Ray 2N327 (2)
Before ETO Exposure 24 100 13 0 0
Before ETO Exposure 24 100 13 0 0After ZTO £xposur 2 100 12 0 1?

12- 0 0

I ST-1401 (1.)
Befora Ero Exposure 6 100 2 70 87
Befoe %XTO Exposure 6 100 1 69 86
After ETO Rxppaure 6 100 2 69 86

ST4,01 (2)
beforeTi Exppeure 6 100 1.5 2 1.
Betore•Xro Zpoaur 6 100 0 0.5 0
After 170 Iqxwu 6 100 0 1 2

- -,i .



Tablua V (Coniinu~d)

TýoVoaaa Bets.eo 1
Transiis tor VOWt. Currentp CretGL A Y

Delco 211173
Beforo 1"TO Exposure 7 100 19h Off Scale
Def ire E1LJ Exposure 7 100 196 Off Scale
After WO xposure 7 100 176 Off scalIDelco 2W278; f clBec-- ETO Mcposure 7 100 X57OfScl

We ore =T Mxpowue T 100O x5 Off swal

Afe "L~n7100 ,Iala Wf 80419

(1,(2) mwACa"* tine - we 4mmengt twumusgwo
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