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> The advent of space rocketry Las posed the problem"Br:teriliz ng probes,
- prioy -t Isunchings which might impact an extra terresirial body. Contuminationm,
and possible infection, of these bodies with earth microorganisms could interfere * -
with >or completely invalidats subsequent biclogical investigations, end unique
Lyopportunities to investigat- the origin of life on other lmot-cm.d-bo-on MPATED =
forever. A "aard hit" by @missile on the moon or one of the planets could result "'
in shattering the probe and all its components. For this reason the missile and
all its comporents must be sterile not only externally but internally as voll./;

For several reasons, the main one beinp that a variety of sensitive materials

would be damaged by other techniques, ethylsna oxide gas will be dsed to sterilise

the final assembled payload just prior to launching. This gas bés remarkable

penetroting copabilities but it can not enver hermetically sezjed areas, as can

heat or certain ionizing radiations. Many of the newer elcctrpnic components

a1o scaled units into which the gas can not penetrate, dnt in which living

microorganisms may have besn trapred during mmufscture. Thus) we do not know

whether aurface sterilisation is all that is reauired for such ces. The

lack of information on the subject prompted this inveatigation. main

purpose of this-pre}isdrexrstudy wss to develop satiafectory techniques for .

such investigations, following which routina imvestigations of all typ#s of

components could ha-nade: —In the course oi this study certsin clectronde com-

p::y:ta wére screonud for possitle internal contimination, but only a few items

wefe ro teated, cnd the fact that a few types were found to be sterile should

ot be intexpreted as a statistiocally wvalid study on this subject.
N 1T ive WhE (rE & <R NoT MICRRAADSHS MAY HAVE Bid 1) TRAPLD ‘A‘)ﬂf’ Tﬂf; —~
POt ACTORING PRESS N iTHIN ELCCTAONIC COMPDNENTS WrICH WoULD PAESENT A CONTAMINATING ook

Y BRE AN NG APART AT iMPACT, Mqﬂdcyw‘yiusﬂ&y@a lfek.!"—:‘:”YAaMC COMPONERTS ARL ESPECI ALY CTork:. fRE,

In order that all work oould be performed in an uncontaminated atmosphere, ,’*\
the tests were performed inside an alrtight plastic chamber (Figur~ 1), the ‘
interior of which covld be kept sterilo. The chamier is fitted with glove ports

and rubber gloves, & screw type door and small air inlet tubeas. In general, the i
test procedure involved placing in the chambsr, the eloctronic cumponents, broth

blanks, forceps, hammsrs, mortars and pestles, metal hammering block and a can

of athylens oxide-freon mixturw. In later tests metal ssws and files were also

pleced in the chawber. The chamber was closed and the ethylens oxide released

in order %o sterilise the exterior of dll iUw items and the atmosphere in the

chamber. Pollowing an O-howr exposure %0 sthylene oxide, air sterilised dy

filtration through a ectton collector wes paseed throwgh the chawder for 16 howre

to remove the oxide, Ths following bastericlogiosl tests were thea performed.
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‘A poir of ch. iype of elcctronlc component being iwrestipated was placed
ia the chamber. After the ethylane oxide treatment, one component fiom each
puir was placed, whole, in an individual broth blank. These served ae controls, '
indicating that the exterior surfeces were indecd sterilized by the ethylane oxide
treatment. The other ccwponent was then broken, ground as waell s&s possible, and
the pleces placed in another broth blank. After being well sealed the broth
nlanks were removed from the chamber ard incubated L-6 days end then oxamined
for cloudinees which might indicate bactorial growth. The bottler were then

. opened and : liquots of the broth were streaked on tryptose agar to chsck further

for bacterial growth, Following this, each broth blenk was sesded with one drop
of a 2l hour tryptose broth culture of Staphyl-coccus aursus and after 2i, hours
incubation an aliquot of ths broth was streaked on tryptose sgar. This last step
was token to assure ourselves that tho blamk was still capsble of supporting
microbial growth even though no growth had occurred in it when the electronie
component was added, Positive growth in this step indicated that the material
of which the compoueni was made was not bacteriostatiz or bactericidal.

The first sind second experiments were performed with elsctronic tuves,
diodes, condensers and rssistors obtained from Physicel Detection Branch,
Phyeical Defense Division., The third experimeni was performed with various
types of transistors obtained from Jot Propulsion Laboratories. In this experi-
ment one or two of each typs transistor vas reserved for electronic tasts. These
particular components wers tested by Pfc John Atherly, FPhiysical Detection Branch,
bsfore and after exposure to ethylem oxide to determine if ethylens oxide had
sny adverse affect on their functionability. Ti» procedure and the results of
the functionability test are given in Appendix I. The results of all bacterio-
logioal tests aro ghown in Tables I - IV.

The question arose, after Test 1, whether sufficient ethrlene oxide wight
have penetrated into the tryptoss broth under the mstal cap of the bottles to
prevent ths growth of any bacteria iatroduced into the broth with the addi‘ion
ol &n electronic component. Ethylene oxide intially present could essily.
dissipate from the broth during the L % & duys of incube :lon and bicteria added
thereafter could then multiply. Test 2 was parformed using broth blanks (glasse
bottles with matal sorew caps) the sama a3 in test 1. Also included in test 2
were a second zet of the smme type “iles witk eluctricians tape wouwd arcund
tho csps 0 insure a tight ot .. ot sets of Dlnks were exposed to sthylae
cxide for 8 hours, the cheamber then asrated 16 hours and one drop of & 2 hour
broth culture of Sta ocooous sureus added 0 each of ¢ix comtrel Bottles to .
determinu if the Broth wes 6 A1) ca&pibls of supporting bactarial growth.

RESULTS

No evidence of miorobisl contemination, of the slectronic components tested,
vas deisnstrated in ths bactericlogical %este performed. Somo of the broth
blanks containing the componsnts were suspect of giowth because of cloudiress.
Subsequent plating on tryptosy agsy, hovever, demonstrated ®he absence X micro-
organisns, The slowdiness vas apparenily of chemicsl rether than biclogical
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origin, caused by materials in the components being tested. The results also

showed that the broth was still capable of supporting bacterial growth after

-6 days 3ncubation witlk the varicus electronic components, although in at

least one case the growth was not of normal vigor,

The results of one of the untapcd control blanks in test 2 showed it was
}ossitle for ethylene oxide 1o penetrats under e bottla cap md into the
broth in sufficient amount to inhibit rrowth of microorganisms pressent. “Thus,
the results in test 1 cannot necessarily be relied upon os giving a true picture
of the internal contaminaction of elesctronic components,

The results of slectronic tests indicated that tha ethylens oxide trevatment
had no adverae effect on the functionability of the transistors testsd.

' DISCUSSION

A procedure to determine the presence of microorganisms inside clectronic
components has been devised. Iusids a completely enclosed system, where all
surfaces are oteriles, electronic components can be hammersd, g-ound, sawed or
filed so that their intoriors are expossd. The pleces from the interlor can
then be placed in aterile troth blanks wi thout ever leaving the enclosed system.

The conditicns of test ars such, with all manipulations being carried out
inside & sealed sterils cabinel, that the possibility of false positives dus to
a break in sterile technique are virtually excluded. With the ch:nge made
following test 1, when the bottle caps on the broth blanks were not only screwed
but taped shut so that no ethylens oxide cuuld penstrate and render the broth
bacteriostatic,it was felt that the possibility of failing Yo detect micro-
organiams if indeed present inside the slsactronic dev.ces, was minimal., One
difficulty with the teat still remsins however. Shculd one object be in-
ternally contaminated, cracking or sawing this open could contaminata the
interior of the ‘:abinet and subsequent test components in the run. Thus if
20 objects were veing tested in ons yun smd '3 10th, 12th and 15th hroth
blanks showed growth, we would be convinced thit all the objects which did not
contaminate the broth blanks, were truly sterils, and that the object placed
in the 10th blank was truly contaminated. We would have no way of knowing
however whather the 12th and 15th objects vers themselres contmminated, or
vwhether some crgenisms from object 10 had been acoldentally transferred into
these blanks. Thus any contaminated blanks oblained after the one where
ccntamination first shows up, would be suspect.

The restriction set up for probes to Venus, Mars, etc., is that each
probe and all ite ociponents will be sterile. for thds resson, if we {ind
even one 0f 20 of sny particular compoaent contmmimated intarnally, starili-
sation of ‘he component by some irestamt other than etlylane oxide will be
nacessary. COo the other hand Af we find 20 owt of 20 of a particular som-
ponent not containated we would be imlined % sey re scdiltional trestment
48 necessnry %o inowe sterilify of %ha iatericr of Vhis Yps compeamt,
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The possibility of contamination being intreduced from a single contami-
nated object however, places some restriction on how tests in such a cabinet
should be conducted. Obviously one eshould keep accurate records of tho order
in which each object was broken up and placed in a blank, as well 53 records
of vhich object went into which blank, Then one should uti*ize as much as
possible the techniquew of sterile transfer, even though the work is dons in
2 completely enclosed emrrirorment, A sufficient number of sterile forceps,
etc., should bs placed in the cabinct so that a seporate one can be used for
each object. The farceps should be touchsd only on the snd which does not
tonich the object buing teated. In othar w rds the hand should be treated
as contaminated even though one is working through the barrier formed by
tterile gloves. In certain cases, i.e. where an object 1s to be broken up
with a haamer and an-il, it may not be yossible to get 20 hammers and 20
anvils in the catinet, but one can uss different areas of tho anvil, and
separate forceps to pick up the shattered pieces of the.cbject being tested.
The value of the entirs tschnique 1ies in the almost virtval surity that if
all objects in one test are starile on the interior as well as on the exteri-r,
this will be clesrly demonstrated, and that if as much aa ons objsct is not
sterile this will be showr too, The fact that ane cculd over-estimate the

per cent oontamina ted objscts in a mixed lot of contaminated and sterile orive
is of len: ar importance. -

Nons of the components tested wvere fund to be contaminatsd intermlly,
however, so few items of each type were evaluated that no concluaion can be

made at this time regarding the internal sterility of electionic cowrporents
in general.

Tests of the functionability of transistors befors and after treatment
with ethylemns oxide gas indicate the gas ad no adverse effect on the
functionability of these componemts. It is imperative that all types of
electronic components, which will be used in missile payiosds that are to
be sterilised by othylsne oxide, be subjected to sdmiler furcticmability
tests to determine whether ths oxide has a detrimsatel affect on any of 4w
ooapoussntes, . '
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APPENDIX I

by
Pfc John Atherly

. tronsistors under test were chacked for (1) Beta (the small
sir “ain), (2) Ico (the collactor-to-base leakape current with the
sd openi) and (3) To (the collscior {0 emtter leakage current with
tha ...a open). These values were mraswed quantitatively, for any
velec +d voltage (Voc) which 1w the voltars across the transdator. The
wanslstors were also checked for shoris batuwaen the rollector-base and-
E collector-emittors Thera were no shocts presant.,

| All teats were made on Western Instruments Transistor Tester Model
[ 61. Two tests wers run on each transistor bafore exposure to ethylens
i oxide gas and one test was run on esdh af ter expoauwts to thie gas, The
results of these tests are shown in Tadle V.
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Charactaristdes of Teinsistors Belfore and After Evposure i
' Ethylcne Cxide Gas !
H
, . Type Veco Hase Heta Ten Tes
: Transistor Volta  Cnrrent pa (Current. Gain Ma) JE L T
5 Ray ZRu17 (1) - .
i ‘ Before ETQO Exposure 6 100 1647 1 -
- Before ETO Expoaure 6 100 160 ) .
ACter ETO Exyonure 6 100 66 2.1 160
f Rey ONL17 ()
‘ Betore k10 Erpodurae 6 Y68 18L 2.5 -
Before ETO Expnsure 6 68 176 2 -
After ETO Exposure 6 o8 108 -
Texas Ins. 2N332 1)
: _ Before ETO Exposure 20 135 o2 v 0
; , Before ETO Exposure 20 135 2k 0 0
‘ ; After Eto Expogme 20 138 22 .y 0
}
. ,  Texas Ins. 2N332 (2)
’ Before ETO Exposure 20 135 19 1 0
i Defore ETO Expouure 20 139 18 0.5 0.5
8 After ETO Exposure 20 135 19 1 1
E . Ray 2N327 (1) -
;! Before +TO Fxposure 24 100 18 0 0
é ] Before ETQ Exposure 2L 100 17 0 0 ,
I After ETO Exposurs A 100 16 0.% 1 i
T
£ Ray 217327 (2)
] Before ETO Exposure 2L 100 13 0 0
: Batore ETO Exposure 2 100 13 0 0
5 Af ter ETO Exposure a 100 12 o e
¥
£ . sr-hol (1)
' Beforo ETO Exposure 0] 10¢ 2 70 a7
& Before LTO Expusure 6 100 1 69 86 '
% After ETO Exppaure 6 100 2 69 66
g ,
é . 8r=liol (2) . !
“E ‘. Before ETU Exppsure 6 100 1.5 2 3 u'
- Bafore ETO Exposure 6 100 0 0.5 0 !
% | After ET0 Exposure 6 100 0 1 2
A [

|
|
|




Tablu V (Continued)

Tyme Voo Jase Bets Ico Io

Transi s tor Volt:. Current pa (Current Gain Ms) ya pa
Delco 2N173
Befois LTC Exposure 7 100 15k Cff Scale
Bef >re EY0 Exposure 7 100 196 Off Scale
i After ETO Bxposure 7 100 176 Off Scale
Delco 2N270:. ' :
Befc-~ ETO Exposure ! 4 100 157 Off Scale
Betore ETO Bxposure 7 100 158 Off Scale
After BT0 Exposure T 100 1M1 orf Scale

~ ——
[ ]

(1), (2) Indics*~ tects sn Wo different transistors
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