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STUDMES ON TN PREVENTION OF CONTAMINATION OF EXTRATERRESTRIAL DODIES
Bacleriolegic Examination of Hormotically Sealed Elecisnic (ompenents

Bacteviologic technien to determine the existence of camtamination in hormeticatly
seated elsctronic components ave described.  8hetf-stoek clectranic components were
examined an well ax those considered typleal of being included in the electronic syatema
af spacceraft.  Of the 188 components examined, 11 were contaminated.  Paper and
mylay-type capacitors were found more Hkely to be camtaminated durving fadwleation
than atheyv typen of capacitors examined,

A practical approach for the development of proccduver for the steviiination of

electraniec components in presented,

Blologle decontaminution of space vehiclen
and probex to prevent contamination of celoa-
tinl  bodien  wux  recommended In 1958 by
CETEX.! S8ine~ that time, 8 number of pupers
have been publinhed in which the authors ex-
proaned in sreal defanil the rennuin fui slail-
Hebmpr spncecenft bofore w unar or planetury
landing & mude (2-8). Lederberg  and
Cowle (2) belleved that contamination of a
celoatinl Londy with enrth microorganisms would
Jeopardize atudiea on the possible existence of
extratervestrinl Hfo. Morveover, ax reporied by
Daviea and Communtzin {3), biotogle contumi-
nation mav distort the findings of snmplings of
prelife organic subntances on u celestind body
even if no living forms are found.

Although the problem of biologic contomi-
nitlon ix of great Interest to muny biologists,
only a few researchers huve reported on xtudies
related specifically to the decontamination of
apacecraft (3, 4, 5, 7). Davies and Communt-
zin (1) recommended operational proacedures
consiating of stevile assembly, built-in disinfec-
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Fhe tnternate nal Committee op Centaminatun b Inte onieenn?
Fxplraten

tion, and termnal sterdlizntion.  The une of
heat, vadintlons, and  chemlenls was  recom.-
muinted for terminal sterllization.  Phillips ang
Hoftman (4) and Wynne (A) prosamtod datn
to show that hermetienlly sealed unitn or com.
ponenta, which are the amaleat unita of 2pace-
craft, are contaminated with mleronrganiamas
during Fabrication.

Lator, Nowltzky (T) rveported on o gan
tranafor  savutom  designed  for  the suvface
atevilizntion of the nose cone nd spacecraft,
Mractienl methads  for stevillzing  electronke
components, however, hiive not been reported,

Hence, the purpase of this vepart ia to pre-
sent the techpdes uked i the hneteriologic
examination of hermetically =ealed electionte
components with the possibility of developing
methedx for examining electronie components
wfter aterilization.  The reatlta oltainesd from
examining "sheifastoek™: components tagethoey
with o xeriea of componentz oltnined from the
Mebannell Adveraft Corporation (MAC) ! dur.

Uhlnast Tiem the e hatranu e o aannh Laboeraliosy Sehoadd
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g thelr work on I'rofeet  Suvveyor ure
presented,  MAC submitted the following in.
formatian:  "While these components were
not intended for use in Surveyor, they are
considered typieal of components which would
be Incliuded in the electvonic systems of that
vehlele,  Components were seleeted from vari-
our electronie syatems uned In other projects
ut MAC. Some of the components were un-
e, while othees had been in various olee-
tranic-nyntem tests.  None of the components
had baen used Yor prolonged perimds of time.
There had bwon no attompt o aterilize the
components ¢lther by MAC o by the com.
ponent manufacturor.”

METHONR AND PROCEDURES
Sterllintion of testing chamber und conlenin

The dingssembling and enlturing provedures
of the electranie compumenta were porformed in-
abide u gorm-Troe, Mloxible, fitm isobstor (g, 1),
The ntevior and vonfenta af the solutar were
alerilizod with Ceyoxcitle (vihylone oxide —
11operedt (66 gm, por can) and MTuorinated
hvivisisibons ~88 poreant),  The enfive con-
tonta of two 2launee canx of Creoxcide were
povived gquiekly inta hiege beakers, Inslde The
isolnior, in allew the e mixtire to evapomte
o smoon s pedsiibds. A< fhe leolnter hny
volume of apprexinndely 00 Hiters, the result-
i coneenbiation of ethylene oxide s was
220 e, Bl Thin eoseentiation of ethyleno
uxlide waa mufficient 1o dustioy The maximum
mamber GF o 10Y) of iweterind spovox (€ los.
teidinar xpovage e spoves ) wohieh wore dhebisd an
motad steips nid exposed inedile Che feedntor fiy
# hourx,  After aeritization, the dininfeetamt
st Wi displneodd by Flushime The lsaltoe with
fHteral, steeile wlr overnight,  To prevent the
influg of nonxterile aiv. in the event that w
lenk develogred duving the test, positive pros-
aure wag maintained (approximately 1y ikch
wider column) by contisuously  pamping il
teredd, stervile air into the ixolatoy,

Before and duvinge vach Test vun, cantrol
teats were performed to cheek the sterility of
the interior of The ixelitar,  Nutrient agar
phues, with tapx removed, were exposed  in-

)

-

side the isolator during the entire eperating
time, Swabbinga of the interior mnrfucex of
the isolntor wd surfiacex of the toals used were
mide ot varlonz Intervals, the awabx being
placed in thioglyeallufe broth, Metal strips, eon.
taining known concenteations of apores, were
exposed dorving the sierilizntlon procedure, The
nutrient agay plates, thioglveollate broth com-
tuining the swabs, and the metal strips were
incubnted at 35 C. for 6 dava,

Disissembling pracedures

Ax pointed out by Wynne (5), differences
in the cannteuetion and composition of the
virlous typos of elocironke companentx roguire
the use of different divasnembling teehnies,
Eich component was  disnsmemblod with the
une of hand toolk auch as plives, forcops, maor.
Gur amd poatle, hiek siws, o, so that all in.
tovir murineen of The companont wers exposed
fur culturving purposer,  Methwin were devel
apod), ax doseribed below, by poyforming initial
tesin an o Aevles of sholfsstock  componenta,
Both miniture nnd stundivdaalze compononta
woere fnvludod in thia slady.

b Keaistara, Thiee Lypea of  pusinlors
wore expmined:  medled corbon, wire-woiind,
il poreelnindeposited curlom,  The resistors
were vasdly broken up with the mertar and
sl te hevanse of Thelr comnpuosdiion,

2. Cagmedloen,  The following types of
cupireltors wore oxiumined:

no Paper und mylar

There capacitora had  basleally
the ame construction==ie, thin luyers of
paaper or mylioe and aduminum foil eollel tight-
v topether. Thoy differed, howover, In the
It of vufer covering which war either mohl-
vdd phastiv or metul,  ‘The molded pliatic types
were first erushedd with the mortar and pestle
to pxpose the contenta, Metal-encased (ypes
vequived the use of the ek saw and cetiing
plievs Lo remove the contents.  The rolled lay.
ors of piper ar mylae and alominum foil were
carcfully separated to expuse all possible sur-
fueex which might be contaminated during
fubrivation,
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b. Ceramic flat disc

Thie type of capacitor war easily
crushed and pulverized with mortar and peatle.

¢. Electrolvtic

These electrolytic capucitors were
miniature, metal-encared, tantalum capacitora
which were cut apen with the hack saw and
cutting pliera. The rolled tantalum capacitora
consiatecl of thin layvera of paper impregnnted
with dielectric paate and thin stripa of tan.
talum metal rolled together und then separnted
to oxpose all surfaces. The solid tantalum
capicitors were crushed with mortar and
pentle,

. Molded mica

Thesa conaisted of several sheeln
of mica molded in Bnkelite. crunhed with mor.
tae and poatle.

& Diwden, The dlodesn exumined were
minfature, glunn-oncaned (ypen, broken up with
tho mortar and pestle,

4. Blectronic  tnhes, Genernl-purpuse,
Rinns-envuned tuben wore uned. Thess were
prepared for culturing by bresking them up
with the mortar and paatle and agparating the
internnl paris with pliers and forceps,

B. Relagn, tranaformers, aind potentiome.
tera, Since thess ware nll metal encaned, they
ware cut open with the huek saw, usunlly at
the top et which contained the connecting
pulen or wire lendn, Lo expose and remove the
contenin, Each scroew, nut and bolt, o melal
plate, holding or binding other parln, was re.
moved, Plaatic coveringa, auch un tape uround
wire colls or insulation nround wire lends, were
removed and either soparated or cul into amall
plecga, Wire colls were cut with the huck saw
or jeweler's anw across the wire windinga and,
by cureful tenaing, as muny ax poasible of the
wire rurfuren were exposedl,

Culturing procedures

The culluving provedure waa essentinlly the
aume a8 described by Phillips and Hoffman (4)

4

and Wynne (3). The entire diznasembled con.
tents of eanch componem were cullured in
thioglycollate broth In  wide-mouth, acvew.
capped bottles and incubated at 36 ., for 6
days, Obaervationa for clowdiness, indicating
posnible bacterinl growth, were made duily., A
similur intaet component wir alio pliwved in
thioglyeollute broth to check stevilization of
the outer surfuce of the component with
Cryoxcide.  When only ene component wan
availuble for exnmination, the intaet compo.
nent was immerscd in the broth and shaken
thovoughly. It war then removed with aterile
forcepa and disnssombled. If the component
win too Invgge o be immorsed in the broth bat.
tlen, n molstened colton xwab wiar streinked
over the entive aurfuace of the component and
pliced in 4 tube of thioglycollate brath, Both
the rinne-broth und the tubex containing the
wwiln wore ncubnted an described above,

Broth cultures showing cloutdiness within
the G-day iIncubution pertod were checked
microscopically for microortiniame,  Poaltive
cultures were stronked to nutriont ngar phivton
for nevobice growth and Inoculittod into thiogly.
collnte broth for nnnerabic grovwrh, At the end
of the Gdny Incubation porld, il neyative
cultupes (nol cloudy) were trenfed an follown:
Five mb. of the hralh were mixed thoraughly
aned romovedt with n aterile pipet. At the sume
timo, 1 ml, of thin brath win inosculated into o
tube contulning & ml, of thloglveollnte broth
to dilito uny pouaiblo bieterfotatic sgent prons
ent In Lthe arlghndd broth vnnlulnlm‘ the disux.
sunibled component,  One dvop wan pliced an
n sector of o putrient unr phite, uned the re.
madning  brath  (upproximately 4 ml)  wan
plucedl in n slerile e, Then the lroth that
wan plaved in the aterile (uboa was fnocufnted
with Pacuacdimonns acraginvom o show the
ability of the broth to support growth, Nu.
teient e platea and  thinglyeollnte biroth
fubes were incubited ot 45 . for 48 hours,
The uriginul broth bottlex conthining the din.
naxgmibleld components were incubated for an
ndditionn] 2 weeks al room temperature. Poxie
live vulturexn developing ut the end of the 2
weeks were tremted an deseribed above, Cul.
tures of contaminated components were stored
in the refrigerator for future identification,
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RESULTS

The reaults of the bacteriologic examina-
tion of the hermetically sealed, electronic
components are shown in table 1. Of a total
of 166 componenta teated, 11 were contami.
nated internally. This table shows that of
101 capacitors examined,  were contaminated.
furthermore, 1 of 4 transformers and the
1 magnetic modulator were contaminated. The
other types of electronic componenta tested
ylelded negative results, All but 2 of the con-
taminating microorganiama which were iso-
Iated were spore-forming bacteria. In one
inatance, anaercbic atreplococci were inolated
from & molded mica capacitor, The magnetic
modulator ylelded a gram-negative organiam.
Table 11 ahows the resulta of the specific types
of capacitors tested. Theae results indicate
that paper and mylar capacitors are more Jike-
ly to be contaminated during fabrication than
any of the other types of capacitors. Table II1
showa the results of the examinations of the
components obiained from MAC.

DISCUSSION

The resulis obtained in this study confirm
the exiatence of contamination of the interior
of harmetically ssaled shecironic componants
as praviously reported by FPhillips and Hofl.
man and Wynne, Admittedly, the number of
slectronic componenta examined wus amall,
A aufficient number of components were
examined, howsver, {0 sarve ss a basis for
developing procedures for the microblologic
examination of electronlc components after
ateriliaation.

Studies on the prevention of contamination
of extraterrestrinl bodiea with earth micro-
organiama which may be trapped during fabrl-
cation on the interior surfaces of hermetically
scaled elsctronic components involve several
important factors. First, the exiatence and
rate of contamination of the various types of
componantas ahould be determined. A knowl
edige of the contposition and assembly of the
electronic componenta would be of value in the
dianssembling procedures in order to expose
all interior surfaces for culturing purposes,
Second, for those components that are not sen-
sitive to heat or radiation, procedures for

TABLE 1

Internal contamination of electrenic
components

Number | Number
Type of component examined | positive
Capacitors 101 [}
Resistors 46 0
Diodes [ 0
Electronic tubas [ 0
Relaya 2 0
Transformers 4 1
Magnetic modulator 1 1
Micrepositionsr 1 0
Potentiometers 2 __!).
Total 1686 1
TABLE 1L
Internal contamination of different typea
of capacitora
Numbar Number
Capacitor examined | positive
Paper ] ]
Mylar 16 ]
Elsctrolylic Y} Q
Caramb flat diac ] 0
Molded mien ] 1
Toal 101 .
ANt
TABLE 111

Mnternal contamination of componenta oblained
from MoDonnell Airevaft Corporation

Capacilors

Mylar

Paper

Caramic flat dise

Blectroliytic
Reslatore

Molded carbon

Wire-wound

Porcelain deposited-carbon|
Modes
Electronic tubss
Relays
Transformers
Magnetic modulators
Micropositioner
Potentiometera

Tolal
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aterilizing them compatible with the epera-
tional characlerin-ics of the components ahould
be developed. Either asterile assembly or
built-in disinfection technics would be reguired
for components that are sensitive to heat and
radintion. Finally, voutine procedurea for ex-
amining representative numbers of electronic
components after sterilization and assembly
should be developed. Repnrdlean of the methoed
employed, there ia no definite assurance that
all the components will be aterile. The exami-
nation of representative numbera of the dif-
favent typen of electronic componenta would
at the moat give only a relative nusnurance that
componenin are nterile when ansembled or
trented tn o aimilae mannor, Selection of the
representalive number of componentr {o be
examined would depend on qualitative and
yuantitative atudien of the extent of conlumi.
niution of olectronle compononta,

Preliminary studien on the effecta of heat
und radintion on electronic componenta that
huve been deliberately contuminated with
known concentrativns of bacterial aporesa dur.
ing fabrication will be cenducted at the School
of Aervospive Medicine for the purpose of
developing proceduves to aterilize electronic
componenin, By this procedure the time-
temperiture exposures and the radiation doa-
age requirements for the aterilisation of
electvonle componanta ean be determined. Thin
study cannot be cariled out effectively if only
natural contamination is uned, becnuze natural
contamination ocemys  infrequently and In
prosumiably of low level, Phillipa and Hoff-
man (1) reporled 21 of 123 componenta con-
taminated: whorean, in the atudies made In
the Microbiology~Cellulie Blology Branch at
the 8choal of Aeroapice Medicine, 11 of 166
componenta were coitaminatad,
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