@ https://ntrs.nasa.gov/search.jsp?R=19740023458 2020-03-23T03:53:28+00:00Z

NER-4Y ~095-601

QU ITITATIVE ECCLOGY AND DRYwHEAT

RESISTANCE OF PSYCHROPHILES

. An Abstract of a Thesis
Presented to _
The Faculty of the Graduate School

'Abilene Christian College

(NASA-CR~ 139067) QUANTITATIVE ECOLOGY AND N74-31571 }
DRY-HEAT RESISTANCE OF PSYCHROPHILES ‘
N.S5. Thesis (Abilene Christian Coll.,

'Tex ) 116 p HC $9.40 CSCL 06l Onclas

> —— e G3/04 54931

% In Partial Fulfillment'.
. of the ReQuirements for the Degree

" Master of Science

4

by
Luther Winans Jr.

May 1974



f7f}*popu1at10n 1solated at TOC;;and §7 of these were aEPOblC

*ﬁQ;sporeformers f"

ABSTRACT

QUAVLITATIV“'ECOTO“V QND DRY HTAT

RLSISTAWCQ'Oﬁ pSYCH‘{ODHILES

,Kennedy, Fiorida) of the Viking Spacecraft, Temperaturn

requ1rements were determ1ned for these 1solates and those'

'-grow1ng at 3°C but not at 32°C weﬂe d981gnated as obllgate

upSYChPOpnllES 1n thlS 1nvestloatlon. These were 1dentlf1ed
-'“i”to major generlc groups and tne ponulatlon den31ty of
17h obl1gate psychﬁopnlles from,the Varlous groups_Waé‘éétgr;  
h?fmlned -It“wa$ fohhd-fhaf'sbil éamples from the‘maﬁﬁfécfufe 
‘”“ 5?¢a)qontainedbb;igéfe.psyghfopﬁiigs;.none of‘whlch were:
‘j*~s§§refofmeﬁs whlch cowprlsed aboﬁt 15% of the populatlon _
fffllsolated at 7°C The samples fron Cape Kennedy oontalned a

-Tﬁ fp ychrophlllc populatlons whlch made up about 169 of the




spacecraft..'ﬁry—heat D—Veluee were_determined for those
spores that demonstrated grcwth orjsqrvival under.a simu-
lated Martian envifonment.

The-orgenismsAused in this investigation‘were grown

b3

on AeK 5porclafing agzr. and SPcfes weﬁe-Harvested and washed
nﬁith st erlle DhOSDhaLe buf ler}; Tne r:mal wash and suspen51on
fd%%éf@ﬁgr using. sLerlle 95. eLHjl aﬁcoﬁol The spores were
:ﬁdeﬁdsited ialnless steel strlps and heated on spe01a11y H
de31gned hot plates. The experlmental condltlons used'
‘,duﬁlnc thls lnvestlgatlon were llGOC and 125°C at a rela—;
-tlve humldlty of 50“‘7 ; | 7
The results of this. llmlted 1nvest1gatlon seem to

-rdemonstratera dow re51etance to dry heat by the selected

_ spores. Dlid-valuesrrance from 7 54 mlnutes to 122 45 )
-mlnutee,‘whlle the. Dlzr values range. from less than l D
_mlnute to: 9 78 mlnutes _ It appears the surv1val of those:
‘:Spcres selected and tested is reduced. rapldly by dry heat -H
;at 110°C and even more rapldly by dry—heat at 125°C - |
e The orlglnal 5011 samples were then 51eved 1nto‘f T
various partlcle 51zes G <1OO >88 l<88> uu <44 >22 and

< 22un) i Indlv1dual 3011 paPLlCleS from each gPOUD were
'heaged at 11000 and 125°C in-a speclelly designed system  1}'
"a%{a relatlve huﬁldlty of 50° LHe studles were carrled
;out to determlne Af there was-en effect of partlcle leé_*
on.the surv;vel of mlcroorganlons assoc1eued Wlth these
parLlcles.d-'

c,The results suggested that a less—vesistant

iii. .



Tiv



.QUANTITATIVE ECOLOGY AND DRY-HEAT

RESISTANCE OF PSYCHROPHILES

,:'A Thesisl
' Presented to
L The Faculty of the Graduate School

Abllene Chrlstlan Col]ece'-

..........

In Partlal Fulflllment
f:of the Requlrements for tho-De ree

Master of 801ence 1'

, 5y‘ L
| Luther Winans.Jri'

May 1974



- This thesis, directed and approved by the candidate's
committee, has been accepted by the Graduate Council of
Abilene Christian College in partial fulflllment of the
requlrements for the degree of :

”'-'-,.MASTER_ OF .SCIEL;QB

T@—wfmf %/ / / /Ww

Dean df the Graduate. Scnool

AM /@ G 7/

) Date 4

'A"I‘hé'éis‘; Comittée IR

C( .y - [ (ﬁ« LS

A\
,ajj' {i/"vl;)m"; <z; -
e A A e SO S
{,/-/:‘ T // ’



ACKNOWLEDGMENTS

I would like to express my sincere appreciation to
the menbers of PV-CO ﬂlt ee ;or all the time and effort
cé@fri?uted;  f~woald also like to express a spe01al thahks .
:tEJDr}wJoﬁn-Bgewer;Dt, Terry Poster and DP. Clark_Stevens |
Afofiéli the édvice:aﬁd éssisféﬁée in compieting thié s tﬁ”
:reseaﬁch In addltlon, I wéuld like to tﬁank Dr. I J. Pflug
and’ all the othero at “the Unlver31ty of Mlnnesota who
'&SSlsted e w1th my research there.' ' |

| ' To my w1fe and frlend Pamela,li offer my deeé
_épéfec;at;qn and love for all the tlme, effort, and under;
'étaﬁdin;'ﬁﬁt ;orth not only in the typlng of thls the51s,
.but also for'the many oacrlfﬂces she was w1111ng to ‘make

S0 that I could conplete my work 1n Graduate School

vii o



TABLE OF CONTENTS

Chapte“ .

RS

- TTT,

l+iV.“

_;IVTRODUCTION 'wai; O
'LITERATURE REVIEW . v o 2 % & o iie foe w D

ATLRIALS AND METHODS e e e .

Selectlon of Samples R .
Isolation of Microorganisms e e e e
‘Growth Temperature Studies . . . . .« .

Identification of Isolates . . . + + + .

Preparation of Spore Suspension . . ..
D-value Determinations. . . . . . . -« .
‘Separation of Soil Into Particle Sizes:

Effect of Particle Size on the Dry-Heat

Destructlon Rate . . o0 e < e

RESULTS W_,~;'Lh@ P e

:APOPulatlon Studies .. . coe e .‘.:Q-. .

-u;Temperature Studies oo Y0 0 . .

. Identification .. . ST e e e e e e

- Distribution of Obllcate Psychrophlles

‘Means for Sample Areas . . . .-« . . 4
- Dry-Heat Studies of Psychrophilic Spores
3¢Effect of Particle Size on the Dry-Heat

Destructlon Rate . v v v v s v o . Ceal e

DISCUSSION  ;';f.f;.;QIf;f;i; e e

"'~;; LITERATURL CITED v v wle v v v wie o v

Vlll__-f“

30

- 30
30
3y

34
k0

.7.42
ug

50

Ty

Sk

B8
63
67

67

72 .-

98



‘:1ofx?"

11,

LIST OF TABLES .

"Selected sample sites from the manufacture

and aﬂspmbly areas of the VikinU'SDaCecraft}

;3T_Example of tlme schcdule for haatlng boats .
(from Experlmont No._LWHDWJB) T

'Example of scheduled tlme of boat rﬁmoval

- and dilution series used

Total counts and counts of fungi and aerobic
and anasrecobic bacteria isolated from soil.
_samples associated w1th the - Vlklng

spacecraft R T

Phototrophlc organlsms lSOlaLEd From'soil
samples associated with the Vlkan s

. SPacecraft T A T P

'viPercent of organlsms lSOlaLEd aeroblcally

from the original soll samples whlch grew

3°C put not at 32°C .« 4w .o wee ool

"‘Percent of ‘different fungl ﬂﬂlch were

~isclated from the original soil samples
at ?°C on Mycophll Agar o ;'f,. C e x el

'Number and Dmrcent of the major gPOUDS orf ‘
By organlsms isolated at 7°C from soil samples

a85001atcd with the Vlklnc spacecraft

_Number and percent of obllgata psychrophllbs

in the major groups of organisms isclated

o at 7°C from soil samples associated with :
the Vlklng 5pacecraFt .;.,. - e e e e

fMean number and Dercent of tne major grouDs

. of organisms and obligate psychrophiles
for all samples from the manufacture and

- assembly areas of the Viking spacecraft . .

Sﬁrvivor‘cufde dafa with D- vaiues calculated

from adjacent periocds for Spore K-2-38
when heated at 110°C - . . . . . « . « . . .

ix

(from Experiment No._LW&UlSB)' T

32

U6

47 .

53

55
S

6L .

. By

66

73



12,

13.

I

15,

16.

17;-
;'ié;{f
:;i?;i”,
f?é;;A
Can

_2é;""

Summafy statistics for regression line
obtained from K-2-38 when heated at 110°C".

Survivor curve data with D-values czleulated

from adjacent periods for spore K-12-33
when heated at 110°C e e e e e e e e s

Summary statistics for regression line
obtained from spore K- 12 33 when heated

at 110°C ﬁni.:, e e e e e e e T

Surv1vor curve daLa w1LhID'values ealculated -

“from- ad]acent Derlods for spore K~3 110

o when heated at 125°C . + . v « & « o v . o

" Summary statistics for regression iine

obtained from spore K-3-110 when.heated

at 1250(: L] LR I .- A - [ .'__ - . - - L3 . - L]

‘gurvivor curve data with D-values ealculated

_from adjacent periods for spore ﬁ—? g .
'when heated at 125°C ... 2 . o v o . e .

.Summary statlstlcs for regre551on iine

obtained from spore K-2- 38 when heated

’ at 1250C . l'o__o_n L * - L3 - . = B » - .'. .

Surv1Voﬁ'curVe data with'D valhe'calculated“ ‘:

from adjacent periods for spore K~-3-27

' When heated at ll@oc -k‘:‘:. . LI ] -Vn O_ - ,.. . l.

Summary statlstlcs for regress;on ¥ine
obtained from spore K 3~ 27 when heated

o at. 110°C o .:,A.;.‘. C e e e .”3PQ;;3'

 Summary of D value data for pure cnlture

psychrophlllc spores isolated fr@n _
-Cape Kennedy A T TSI

_Percentlsurv1vors for particles sized for

.different exposure times in minutes at

7110°C and 1259C 4 v e s e e e e a e

7h
75

76

77
= ﬂj?9:
l“83

89



fio;f.'

13,

14,

;Fldw chart

'. assembly

LIST OF FIGURES

-obtained.

Vlklng soacecraft

Vlklng spacecraft

Dlagnoatlc key for grouping of
from soil samples assoc1ated w1th the

deposits (From experiment No.

(From experlment No. LWHOLSB)

SUPVlVDP curve for spore K 2-38 when

heated at 110°

heated at llO°C

_ heated at llGO

-

heated at 110°C .

heated at 125°C

Regresslon line for sporm K 3 110 when

heated at 125°C

heated at 125°C

heated at 125°C

heated at 110¢°C

Regression line for spore K-3-37 when

heated at 110°C

L }

..

+*

L4

PR

. -

LI Y

-

»

- ) .

[3

.

L4

-

-

-

.

-

isclates

-

-

-

*

L]

-

for handling soil samples
from the ranuFacLure anad
areas assoclated WLih the

-

. Example of hot plate boat sequence

-

-

L

-

 Surv1vor curve for spore’ K 2-38 when

Survivor curve for spore K-3- 37 when

-

-Example of boat arrangement for spore
' LW4D15B)

.

-

C Regre351on llne for spore K 2 38 when

-

'?l'SUPVlVOT curve for Spofe“K;IZ-ES when -

-

Regre351on line for spore K- 12 33 when

L3

' Surv1vor curve for 3pore K—3 110 when

iRegre851on line for spore K—2 38 when

35
38

oy

By

o
'74_
 ﬂ§6-'
K%?
78
 8§i
81

82



15.

. 16,

Effect of particle size
heat destruction rate
at 110°C e e e .

Effect of particle size
destruction rate when

Cxil

on the dry-heat
when heated

e e e e e e e e e e 87

on the dry-heat
heated at 125°C . .. . . g8



CHAPTER 1T

- INTRODUCTION

In the explo“atlon of dl taaerpianets,‘ifihas beeno
.'fecocnlzed that theﬂe 15 a oezlnlte need Lo éré&éﬁtlaon#f
‘tamlnatlon.of the planets under lnvestlcatloﬂ. Fo'r*.thi;si
;reason the Natlonal Aeronautics and Snace Admlnlstra- :
;_tlon (NASA) has, for the past several years, been 1nvolved_
“1n research 1n the fleld of planetary quarantlne._ Thl“
?1noludes research 1n mlcroblal monltorlng of spacecraft,
‘?clean—room'assembly of-spacecraft determlnatlon of
:mlcroblal growth under 51mula;ed Dlanetary envaroameﬁts;'
‘%the effects of space env1ronmentb.on the surv1va1 of m1oro~
‘forganlsms,.sterlllzatlon of spacecraft and numerous other
':problems associated Wth Dreventlng conuamlnatlon of
i;planetarf envaronments w1th Lerrestrla? mlcroorgaaisms
iiAll p0551ble faotors related to this topwc should be -
-?;pyestlgated to.assure that planetary exploratlon by
.:fefrestfiai eoaceefaf% does“not.alter he ecology of the':

ff?iahet;uhder,inveéfigetioa}?a

- Because Mars is the planet recently g the

;;moef'atfeﬁtion'inloiahetarﬁ xpl oratlon thls present
flnvestlgatlon is underta?en LO determln 1f NASA has been1
excludlnc an important Dooulatloﬂ of m1C“oor"anlsms from

the microbial monitoring systems of the Viking spacecraft

1.



(presently scheduled to land on Mars in 1876), and‘if sd,i
to defermine if these organisms can survive'the present
sterilization eycle planned for the Viking spacecraff;

| ' The'etandafd incubation temperature now used by
the NASA MICPObldl monltorlng system is 32~ 37°C _he ;'
"iobjectlves of thls 1nvast1gatlon are (l) the 1solation -
:1ef mlcroorganlsns Wthh grow at low temperatures, but not
.at 32°C (2) characterlzatlon of these 1solated organlsﬁs,'
and (3) determlnatlon of their sens3t1VLty to dry heat._‘

The experlmental work was done in two parts. |

lFlPSt the 1solatlon and characterlzatlon of the mlcfo—'
‘organlsms 1solated from the manufaoture and assembly areas:
'i 80001ated w1th the Vlklng spacecraft Thls work was done‘
:vat Hardln Slmmon° Unlver51ty in Abllene; Texas. 'Second,_'
;;heat sen51t1v1ty detﬂrmlnatlons were completed at the
i;UhlVEPSlty of Mlnnesota Space Scmence Center, DlVlSlon of
'5Env1ronmental Health School of Publlc Health. Both partsi
1;were supnorted by Natlonal Aeronautlcs and Space “;;:;fLré

,Admlnlstratlon gran;s.A 7



CHAPTER'II

LITL?ATURL QEV'~i 

Hew VlSTaS of aaace expTO“atlon have opened to man

VLhe short s“aﬁ ofa dech R and at the beglndlng of the
second decade,‘lL.ls prudent to bﬁlefly examlne the hlstory
of man's exuloratlons and mlarathds. In his conquests,
'man nas carrled to new lands not only the beneflts of his
4elylllzatlon, bqt(alserthe detylments_of contamlnatlon,
iilﬁeée,‘end deafh.-ﬁThe same.problem may also follow him
;1nto space and to the most reﬁote galaxles.

anouchout the recorded hﬁetory of man, 1nneﬁereble
:1anelons by one SéECles oF planu or anemal on another haS‘
resulted 1n an eplden1c : Early nan trled to lnterpose
crude barrlers, frequently only d1stance, between the‘
‘source’ of the anudan llfe forms and hlmself when he wasr
 tne SL$Ceptlble host perhaps the best were the natural '
barrlers of oceans and 1mpenetrab1e mountaln rdnges. |
Peﬂlods of quarantlne became worlaw1de practlce - Such
}bafrlere were reaaonablj ef fectlve in preventlng the SDread
fof dupwereee organlsms from conLlnent to contlnent and from
'contlnent to ‘island. Quarantlne neasuree ha&e been re-~
placed, only in recenf time, by diagnostic methods of
increased efflc1encyrand by drugs and vaccines to inhibit

epicdenics.



The hoge and ppeeumably.hostile space hetween the
planets has served as a natural barrier throughout the ages
to prevent the transfer of pathogenic agents--if they
exiet—fbetween celestial bodies. .
| As the 30551b111ty of planetary exploratton becomes
:hlese femote'quanantlne measures must be developed’ to
'ipnevent contam;watlon of the planets under inves tléationf
h and to prevent contamlnatlon of the earth by samples re~.'h
-turned from these planets (12,13 » 34 ). Investlgatlons in thls
area,-supported by the Natlonal Aeronautlcs and Space '
Admlnlstratlon (NASA) have brought together blologlsts,
f_chemlsts, mathemat1c1ans englneers, and others who have
'develoaed a new 1nternatlona1 dlSClpllne known as Planetary
,Quarantlne (35), f ,;.._. -h _ ‘ | A
| | ThlS fleld has expanded rapldly durlng the.past
:_oecade and numerous guldellnes have been establzshed. |
dMany factors related to spacecraft contamlnatlon and
ﬂsterlllzatlon and the growth of organlsms in 81mu1atea
;planetary env1ronments have been studled extensxvely(l# 17
 33 37 41 55) Tnese.lnvestlgatlons s5erve as the ba51s for
;settlnc up the culdellnes used in the monltorlng systems
"employed 1n the planetary quarantlnereffort assoelated \
5w1th spacecr*aft(lLF 17 24, 59) “Ini‘the undertaklng of spaee
ftravel con51denatlon must be'glven to the 90531b111ty that
Hunde81rable llFe forms may folloa man through space. It

is p0551b1e that llfe 1n oun oolar system can ex15t only

on Eartn because of adverse env1ronmental condltlons on .



the other planets, but until this ie fully deter‘mine‘dﬂ,.
planetary quarantlne measures are necessary to Satley
two requirements:

o 1. The instruments carried by, and the automated
:‘-;3pacecraet itself, 1ntended to detect 11fe
'@ff“dn a'planet;‘must not carry terrestrlal llfe

:gﬁon board,.or tne 1nstwuments Wlll detect 1t
-d-rather than extraterrestrlal life. .
:é;deerrestrlal life carried by an automated
"or manned spaoecraft to a planet may re-
:ieeproduce 1tself and spread on that body,.'le
*d?fconfuse follow~on studles forever, and o
fip0851bly attack and destroy llfe 1nd1geﬁous de
Aidlto that planet (35) | |
In 1957 the. Natlonal Academy of 801ences (NAS)
expressed deep concern. that the p0551b111ty of contamlnam ]
'tlon caused by sPace exploratlon could endange® sczentlflc
flﬁvestlgaLlons of the planets.' ‘The WAS urged the Inter—‘dfe
lnatlonal Counell of Sc1ent1fle Unions (ICSU) to assist
sln evaluatlon of contamlnatlon hazards and to encourage'
ddevelopment of preventatlve measures. Subsequently, “the
“ICSU rormed an ad hoc commlttee Contamlnatlon by Extra-
fterrestrlal Exnloratlon (C EX)(l?), which recommended
‘ adoptlon of a code 0¢ conduct aimed at achieving a
comDPonlse between an all-out program of lunar and plane-

tary eyPloratlon on one hand, and on the other, previding

maximumn protectlon agalnst degradatlon of future studies.



In 1959 CETEX (13) recommendad that the contamina-
tion problem was an integral part of the duties of thé
ICSU Committee on Space Research.(COSPAR) established
in 1958. COSPAR had Been established to provide for
contlndﬁd and exJaﬁ_ad co o;era 1on in cnace sclence whlcn
“{inad been init3 abﬂd success ully durlna the 1nternahlonal

TGEODﬁjblCaL fﬁar of i957f58}i As a reault COSPA ‘assumed
::respon51b11luy  br édnéid ratlon or tHe contamlnatﬁon
problem and app01nted a study group on Standards for Space,
43Probe Sterlllzatlon,‘w1th memb°rs from the Unﬂted States,
1ﬁU S. S R., Unlted Klncdom Swegen,-BeTclun and France (19)
Slnce thls was an area that had not been SLUdlEd
*:prev1ously, the earlj work oA-COSPAA 1nvolved the task

¥of developlng and clarlfylng the meaninu of spacecraft .
1;sterlllzatlon,and 1t was not untll tue early 1980'5 that
fﬁstatemenis becan to be developed sHOJlnc that The problem
;fof planetary quarantlne lnvolved SLgn¢Llcantly more thanl
f;sterlllzatlon of the spacecraft (31) In 1880, Davles
Jand Communt21s(17) reco hEHd d a careFul 1nventory of |
 ieach m1551on to assess chenlcal contahlnatlon of celesflal
"body in addltlon to sterlle assenbly, intrinsic sterlllza~ ;

”Qtlon, and walntepaﬂoe of the sterlle condltlons durlng

;1a““°h  9;75f;_iifx?

In 1964 ‘Sagan and Colﬂman (65) publlshed a mathe-fl‘;f 
matlcal model ror tne p“obablllty of contamlnatlon of Mars;:;
 and thls serves as a ba51s fo“ the COSPAR Resolutlon of

1964(1&) & Thls resolutlon was the ”1“st 1nternatlonal



7
agreement on quantitative objectives in terms of probability
of events leading to_planetary‘contamination. It offered a
basis for sterilization procedures for spacecraft intended
for planetary landlng or atmospheric penetration.

| ALt hough the COSPAQ Resolutlon of 1964% has been mod—
iifled-as knowledge 1ncreases,ilt contlnues to serve as a -
; Frameworﬁ 1n the develooment of present planetary qnarantlne
standards | The essential elenents of the framework 1nciude‘
" a model of the pPlnClpal contamination perameters and thelr
:1nterrelatlons, agreements as to which parameters should
d'serve.as ba51c suandards, andra551gnment of quantltatlve =
lAvalues to the cHosen parameters (35). After cons;deratlon
tjof these elements, COSPAR (1u4) reeomnended a sterilization':
,1eve1 such that the probablllty of a 81nc1e vlable organlsm
'aon board any Vehlcle 1ntended for planetary 1and1ng would be
‘pless than lO %,‘ Slnce that tlme, and atter 1nten81Ve lnvestw
' 1gat10ns, it was proposed that the probabi ility factor for
_each mlSSlon be altered to state that the probablllty of a’
pmlcroorganlsm being dep081ted on the Martlan surface must be ;
"1ess than 10—3(66) ' In 1966 Craven, McDade, and nght (15) |
”'1dent1fled at least fourteen meehanlsms by whlch contamlnatlon
fmlght oecur,'and later (16) showed the progress that was bean
nmade in developlng a c0norehen51ve methodology for the analy—h
sis of all 11kely contamldatlon sources. |
A spacecraft which is to land cn a planet or penee
rrate the planetary atmosohere presents a variety of

problems to the planetary guarantine program from a.



microbiological viewpoint.. Associated with this type of
mission, several possible sources of contamination exist,
including (1) failure of the sterilizaticn ecycle, (2) recon-
famination;of the sterile capsule, (3) accidental impact

of the 1aunch;yehicle or its oapts, and (4) imoact'of

.varaocs e]ec afefflaxlész): These prob?mms have pequlreA
-extenslve lnveet: aiioﬁs concernlno sterlllzatlon.' |
‘Previous knomleﬂ;e avallable was aSSOClated Drlmarliy‘
3W1th the food and Dharmaceutlcal 1ndustr1es. ThlS knowledce
could not be readlly applled to the unlque probLems 1nvolved
aln sterlllzatlon of a spacecraft such as sterlllzatlon of
eﬁa551ve'surfaces, enbedded materlals, mated surfaces, and
burled contamlnaulon.s-" o | 7
These IaCLOTS Hase 1ed“fo Papld ﬁrcg”e851né‘of
lsaméllng techn;oues lnvolved W1th spacecraft. In 1966
}NASA publlshed Standard Procedures for the Mlcroblologlcal
EXamlnatlon of Space Hardware (59) and this has been up-
idated as new aa*a afe accumulated (22} : Of‘speclal.lnteresz
;1n tHese standaﬂds 1s the fact that the WASA standard 1n—c |

'cubatlon temnerature 1s 32 35°C At pr sent, all monltor—

”1ng procedures are: excludlng the psyChWOphlllC mlcro—;”i

forganlsms.;5r"

*Té}£é57555 urucse of the Pianetafg Quarasflne.

_sProéram 15 to detoralne guldellnes for the Dreventlon of
jcontamlnatlon of Iars w1tn organlsms which mlght grow:in_
the'vaptias eaviroﬁment,:itﬂis‘essentlal that all possible.

Loee

groups of microorganisms associated with these planetary



vehlcles be studied in this respect. The success cf the
planﬂtary quarantwne measures can only be met w1th extcn—

sive 1nvcstlgatlon of all factors which mlnnt contribute
to thls problem, Lherefore, it would seem advisable to
dEtETHLRQ the pﬂosence and concentratlon of pSYChPOphlllCl'
{oréanlsms‘in vawwous ‘areas a38001aned with- the Vlklng
_fscacecraft and o determlne LhElr thermal sen51t1vlty

A great deal of QPEVloub research has been conduct—

ed on crganlsms 1solated from the manufacture and assembly
_areas%of the Vlklng spacecraFt but these studies have
adealt prlmarlly Wlth the heat re51stancc of meSOphlllC.
nspcreformers w1tn ‘Some recent studles balzg conducted
uw1th thermcphlllc spores. Although it is generally accept—
‘_ed that the psychrophlleC may not be the most heat reswst-
éant of the mlcrocccanlsms, they should not be excluded |
jfrom lnvestlgaclons related to planetary cuarantlne because
.they may 1nclude crganlsms w1tn the phy51olog1cal chaﬂac—
”3terlst1cs to grou 1n the hostlle env1ronmﬂﬂL of Mars."'“
'uAlso, Gt ois known that some- 3poreformers, aerobic and
i anaerob1c,‘possnss the ablllcy to Urow at low temperatures;.

B and thls groun 1ncludes the more heat PESLStant mlcrc— o

. orgaplsms. i

"ET'WOrk done on the ablllty of organisms to grcw ln R
481nulated %artlaﬂ env1rcnmentc ‘has demows;rated that many
"organlsms can grov and survive under those condltlons

(28 33, 32 38, uu u7 64 79) chever,‘many factors have

not been 1nvestlgated, and most of these investigators-
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suggest that there is a ‘definite need for more work in this
area. Some of these have also pointed out that bécause of
the copditions'oh Mars, the most likely organisms ‘
to grow on this planet will include those capable of
groath at lou Leaperatures (19, 33 LFU ,41,51). For these_
;reasons, it apoears to be of gweap value to extend these
?pfev1ous studles to 1nclude tce 1solatlon and study of
cpsychrophlllc orcanlsms from areas d“rectTy a55001ated 4
fw1th the Vlklng spacecraft |

'-Slnce the time that 1nterest in pre&entloa of
‘contamlnatlon of planets became apparent the U.S. sPacer‘
‘ﬁagepcy has also been actlvely 1nvolved in 1nvest1gatlons
‘_concernlng“varlous sterlllzatlon procedures for spacecraft
.and thelr cowponents (23 3L 3k 35) Spacecraft sterlllza—.r
';tlon technology has orogressed ‘at an ever- 1ncrea51ng pace;'
'.from statements of objectlves to the de51gn of method— |
Vologles for 1mplenent1ng those objectlves. The sterlllza;“
-ftlon technology avallable when the spacecraft sterilizatiop
lseffort began was essentlally that Wthh ‘could be £orropedf-
;nfrom the pharmaceutlcal 'surglcal supply, and canning
1i1ndustr1es s It has been necessary to greatly expand that -
?JtechnolOGy ;or appllcatlon to complex soacecraft deslgned

v

i;to travel the great dlstances of 1nterp1aﬂetary soaoe to
‘reach the planets C '

L The sterlllzatlon requlrements for a Martlan land—
‘1nc capoule, welghlng several hundred pounds and 1nc1udlnv

many thousand individual partsw—electronlc, electrlcal,
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apd‘hecﬁanicai——are more severe than those commonly
encountered‘in_medical pfactice. A surgeon's'scalpei,
for-example, must be sterile on the outside, but it is
immaterial whether or not itsrinterior is sterile. 'The
‘chanCe of tha scalpel'disintegroting dufing an ooefatioo‘
éls extremely remoto A space vehlcle 1ntended for 1and1ng
_on_Marogohowever muot be sterlle throughout at_;eaot »
£b tho‘ektéot of a‘probablllty of less than'one in a
zthousand‘that_there will be even o single viable-organiém
;aﬁyﬁheré‘oﬁ or.wifhiﬁlité mdh?_oomponent‘parfs.'-Consider—
_abie‘éffoft'oos'beéh déooted' ééoecially‘in the Unitéd”'
oStates, to the problem of spacecraFt sterlllzatlon.

The fabrlcatlon of a sLerlle spacecraft 1nvolveo
botﬁ blOlOGlCal decontaminatlon, to brlng about a'sub—
stantlal decrease ln the number of microbes and spores.and'
VSterlllzatlon, to klll all the oraanlsms present 'The:"
rprocedures proposed for the decontamlnatlon and sterlllza—
?tlon of space vehlcles and th91r components are based oﬁ
fthe use of the follow1ng' (l) chemlcal sterllants,

.(2) electromagnetlc radlatlon, and (3) heat.

el Sterlllzatlon by chemlcal means 1ncludes géseous,l
éllquld and SOlld agents.ﬂ The most common gas used in the
ioterlllzatlon oF opace vehlclé components at Dresent is
;ethylene ox1do, (CHZ)ZO.”-It.;s gaseoos at room temperature
:and wito relatively small indréaséé_iﬁ'pressuré'it can be
_liqdified,ét ordinary'rooﬁ temperature. The gas appears |

to be effective in killing microorganisms, including
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spores, of all.kinﬁs.' ?urthermorea it has.essentially no
deleterious effects on metals; most blastics, and other
materials used-in the fabrication of space yehicles and
their component parts.

| In the pure staee, ethylene oxide is readily
,;fleﬁﬁaﬁlefaherHe daa ‘can formlene.ioeivelmixture with'
;f%“ f Coneequenbly; ween eﬂoleyea as a.sterlllz1ng awenti'J
‘:aﬁnonrlawnable dlluenL 15 usually used.. In the Unlted
 States carbon ledee or Freon-12 (dichlorodifluoro—methane,
| CCL,F,) is.-used as a-diluent. In the U.S.S.R. methyl
broane is reportedly used (74) Cerbon dioxide ie used
Liin a mlxture_of 10% by UEtht of et hyiene oxide_éﬁd'SD%
.7offearbeﬁ'dioxide. But contalnment of the mixtﬁrelini
3711Qu1d form rﬁnaer a subsLantlal p“essuﬂe, requlres the
-euse of heavy steel cyllnde“s. When Freon»lz is used it
Vils leEd in the ratlo of 129 by we 1ght of ethylene oylde
|fand 88° of Freon 12 Although tHe Freon costs more than
'fcarbon ledee, the containers are lnexpen51ve and easy tol
‘#handle ' The ethylene.ox1da.Freon mixture 15 malntelned as
;ﬂa 1lGuld under moderate pressﬁre at ordlnary temperature
;WUpen opeﬁlng a valve on the contaﬂnlng cyllnder, the gas.
.Temergea.’ Another advanfage of tHls mlxture over the one ,;
f?wleh carbon ledee 15 that tne Freon dlluent also hasiw;fe_
~egerm1c1dal propertles; he , ‘?: ﬁ*‘l._ _ ;;i7: f,iifg5f;!£%1
A cerLaln amoune efuﬁatew vapor should be.preseef

ufor ethylene ox1de to be effectlve as’ a sterll 21ng

-materlal : Bacterlal spores. whlcb have been partly -



13
desiccated acquire a degree of resistance to sterilization
until they reabsorb sufficient moisture. Ethylene oxide
mixtures are'generally employed at 30 to 50 percent
.relative humidify and a temperature range of about ZﬁOC;.
to 40°C or more. | | | 7
R bne'of'the ooestanding aspeots'of ethylene.oxide
as a sferilant.is its good penefrating power. Because of
'_this properfy, coﬁponents fo be steriliéed caﬁ be wrapped
in psper and they can be handled subsequently.without risk
of recontamination. -Alfﬁough ethylene oxide can readily
penetrate into crecks and crevices, it cannot get.mech_
_below the surfaceNOf ﬁohporous solids.‘ Its main use is
‘therefore as a suffaoe sterilant
- quUldS can serve the same purpose as gases for
;ster111z1ng the surfaces, but not the 1nterlor of solld
fcomponents.- If employed under proper condltlons, 11qu1ds
;act more rapldly than ‘gases,. malnly because of the hlgher
:concentratlon of the sterllant As a result of the falrly
high surface ten51on of water, aqueous solutlons do not
'wet surfaces readlly, espec1a11y lF they have a thln film
“of 011 or grease, as is generally the case. Consequently,
‘“organlc lquldS,lWlth lower surface tensions, are usually |
'employed‘as solvents.. A'oossible alternatiﬁe is to add
a detergent to the aqueous solutlon to improve its abllltyx
fto wet surfaces- It should be noteo tha several soe |
'called llquld sterlllzlng agents are not actlve agalnst

bacterial spores, but they‘esg,'neyertheless, serve to
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reduoe'the total load of microorgenisms.
‘ Cleening, brushing, or immersion in a liquid

'sterilization solution hae been suggested for the de-
contamination of small electronic parts prior to'assembly.
ALong immereion to produce sterlllzatlon, however, ‘has
ifresulted 1n deterloratlon of the oomponents in some -
‘ilnetanoesAﬁrOne of the best 11quﬁd sterilants has been
Vfound to be a solutlon of formaldehyde ln methyl aloohol
:nw1th or w1thout the addltﬂon of water. Brushlng w1th '
c[llQle fluorocarbon contalnlng phenol and swabblng w;th
”fethyl alcohol have been employed to decontamlnate the
,_components of eleotronlc suba semblles i 7
| | In the Unlted States, llquld sterllants have found
;ﬁrelatlrely 11ttle appllcatlon, excep+ for the decontamlna—l_
n;tlon of small perts V I Vashkov and collaborators 1n‘“.
J;the U S S R however, reported 1n 1367 that they had :.:
7 ach1eved effectlve destructlon of both bacterla and SPores.
:Eby‘1mmer810n.of’components for a. suff1c1ent tlme in dllute.
ﬁequeous solutlon of hydroven perox1de to’ whlch a detergent o
:HAd been added to deorease the surface ten31on(74) Wlplna'
-;the surfaces of SOlldS w1th such a’ solutlon was also used
 lf;r'decontam1nat1on purpoeee'.wu‘ R o
: A? Although soiid materleis are not used for dlrect
.sterii;zatlon,.theyloan-exertnthe same functlon in an
ﬂ-indirect‘manner; One'of the. ﬁajOP-problems in tne |
‘sterilization of'space-ﬁehioles is the destroction'of‘

organisms in the interior of solid components. As seen,
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neither gaseous, liquid. or .solid sterilants are effective
in this respect. - The problem could be solved, or at least

made less severe, if a material with sterilizing properties

could be incorporated into the solids from which the

&V

component is fabricate

mﬁf

':]fTHe's con d mejo” metho&"of:stefilization*is'fhrough

'fﬁédiafiéﬁ' It 155g nera lly acceo*ed that the creat majorlty
‘Rof mlcroorvanlbﬂs are‘unable to survwve.eﬁposure to ultra~
“_VLOlet rays." Such radlatwons w1th wavelength around |
iggogA ave esoeclally lethal beoause they are absorbed
”:by and decompose the nucleic ac1ds whlch are eesentlal to
ffllfe._ Unfortunately mlcroorganlsms are o.ten'ppotected
'Vfrom ultrav1olet llvht‘by small particles to whioh-fhe§ -
are attacheo or even by surface roughness. Complete
'lsterlllzatlon even of a surfaoe,rls thus not always:'
“p0551ble._ Nevewtheless, bee=use ultrav1olet radlatlon can'
-usually destroy exposed mlcroorganlsms veﬂy qulckly, 1t |
. m 1Uht be utlllzed 1n decontamlnatlnc procedLres to reduce':
'ithe mloroblal load of componenus of SDace vehlcles. | B
| At best ultrav1olet rays w1ll only kill mlcro—eﬁ
lorganlsns on tbe surrace of a solld beoause of the nature
?lof tne mater.al belng steﬂlllzed and beoause of the low
”;penetratlng pOJDP; lhey aee unable to penetrate 1nto the
-;1nterloﬁ.t The relaLed eleotronagnetwc radlatlons of ‘lﬁ
shorter waveleﬁcth Vnanely, X- rays and gamma rays, have
both oon51derable penetraLlnc power and sterlll21ng ablllty.

-These two radiations, sometimes referred to as “ionizing @
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radiations“;'differ eséentiélly onljgin their mdde of’
production. X—rayé are obtained from conventional X—réy
machines by bombarding a farget of a-heavy element, such
as tun&sten; with a beam of high-energy electrons, whereas
gamma rays are emitted spontaneously by many radloactlve
'substances.- Radloaclee cob 1t -60 sources of gamma  ;
Vrays ére fréad11v avallable -i,nBecause _éf  thelrhﬂ
-ablllty to penetraﬁe some dlsténéa 1nto‘sollds, X~ r%&s.and‘
gamma rays ‘can destroy organlsms in the 1nter10r of solld
,components of space vehlcles | | |
f ngh energy (short wavelengtn) loanlng radlatlons‘
fare bELHU used LOP the sterlllzatlon of varlous hospltal |
-supplles and also fov the preservatlon o; meat and other
1foodstuffs.t The radlatlon doses requlred to klll all :
i mlcroorganléms are, however,‘very large, usually from
.:2 5 to 5 mllllon rads._ Of the avallable sterlllzlng ,'
'fagents,'only hlgh energy radlatlon and heat are. capablé
 of kllllng mlcroorganlsms on the surfaces of spacecraft
_fcomponents and also ln the lnterlors.; ACCOPdan to T
S L. B Hall Planetary Quarantlne OfflCEP of the Natlonal
jrAeroﬁautlcs and’ Soace Admlnlatratlon,l"radlatlon is’
jextremely eﬁpen51ve, hazardous, complex,-and damaceé many
~;mater1als more than does heat._: So the éec151on has been o
'Jmade in the Unlb d States to employ heau as tho flnal
‘termlnal sterlllzatlon agent(36) )

V Heat appears to be the nOSt éf;ectlve and rellable

.Vnethod oF klllan mlC“ObES and soores, both on the sur ace
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and in the interior of solid conaonents. Moist heat "has
been used for ﬂany years for sterilization in hospmtals,
in bacteriologwﬂal 1aborabovlas, and in the Lood industry
but is not effective LOT the sterilization of the interior
of solld comPOﬁents.'.whlle ary ﬂeat is less eFf1c18nt andA
i“elatlvely 11t*?e bzé E-Eﬂ dow - in connectlon wlth 1tsi' 
3Sterl112aulon-prop rties, it haé been chosen as the method -
éf terﬁihél stéfilr-atlon Ior thc Vlklng spacacraft‘because'
;of its afilify to sterilize not only the exposed'surfaces,

' but also the interior of all 5011d compononts. o |

In 1961 the Natlopal Aeronautlcs and SDace Adnlﬁls-
'tratlon dec1ded that capsules for. landlng on Mars would be'
'}sterlllzed by heatlng in a dry atﬂosphere. At thls time |
'isystenat1c 1nv99t1gatlons wers. SuaﬂtEd to deuermlne thev;
:effect on mlcr00ﬂggnlsms of temmeratures in the range of

"about 1100 to lBDOC Tbe dry heaL sterlllzablon cycles

"presently employed in 1noustr1al and medlcal flelds are .

 too severe to aDDly to he sterlllzailon of 1nterplanatary
'anacecraft ;lBecause of tne mlcroblal contamlnatlon o
‘aSSOClated w1th the 1nterlors oF éertaln elec;ronlc.pafts
 5(2 22)the Natloﬁal Aeronauulc and Space Admlnlstratlon has
_;dec1ded 1nterplanetary spacebrafu'shall be sterlllzed -
*'u51nﬁ dry heat -DPOVldlnC that tlmé—temperature comblné—.
V;thnS can be devoloped thau are cowpatlble w1th malntaln—
1ng LhE'TunCt10121 prope“tles of °lectron1c Darts.‘
In comparlson to,the ace Lulated knowledge of tHe

factors that influence microbial reSLStance to moist heat,
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1ittle is known about the factors that affect microbiall
resistance to dry heat, except the reports of Murrell
and Scott (57,67) on fﬁe effects of water activity.

The tefm "dry heatﬁ obviously implies the applica—-

“ticn of heat in the absence of water On closer examina—‘re
1t161, one becomes aware thatrsom Llnlte value should be' ;i
festabllshed to deflne the tern "dry“ or rather 1t5 antl—l
theszsl wetﬁ{f A wet or moist- heat sterlllzatlon cycle may.
.bexdefined‘as one in which the Qrganismiis in contact with.
enieneironment Haviﬁg an aw-ef l;d or a water~satufeted
atmosphewe.. These condltlons are met only when the organ—
?1sm is heated in contact w1th pure water or saturated |
: team Thls deflnltlon of wet heat 1np11es that dry heat
flS net an equally spe01flc eondltlop, but rather @ range
‘of condltlons that 1nclude euch ractors ‘as the m01sture _
?content of the mlcroorgenlsmsrﬁrlor to and durlng heatlngJ
:the water va@or ﬁressure and rlow rate of the gaseoue f |
‘_atmosphere 1n contact w1th the mlcroorganlsms, the chemﬁcal
. and phy51cal composltlon of the mateﬂlal on or ln Wthh
:}the spores are located and the total pressure of the systen;

| | The works of Brannen andGarst and others (8 9, 
311 20) have demenstrated that spores ‘are’ hlghly permeanle
.ﬁand “that’ a free exchange of water occurs between the sporeJT
eand its env1ronmentm; The water act1v1ty of spores may
be exnected. therefore, torchange in Pelatlon to the watef-”
r‘aot1v1ty of the suspendlnd fluld or WLth the . relatlve‘

humldlty of the atmospherlc,env;ronment. The ablllty of
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spores to come to water-vapor equilibrium with their
environment is an importarit cénsideration in esfablishing
dry-heat sterilization cycleé;

Recent work on the dry- heat reSLStance of bacterial
:_spﬁfos Hés fndi ica £8dua;0“ltlcal roTe for water, | ﬁrumnond
 fand Plluc(Zl} spowad *hat the relatlve humldlty of the-
7fen11r01ﬂenu be;ore and du“1ng dry hﬂat exposure mavr .
_have pPOfOLﬁu effects on the heat r651stance of bactérial
Sppres. - b | |

77 Thé roiézbf”waféf iﬁ the*inaéﬁivation of-infra;
,lcellﬁlaf molécules by heat has béen'a Suﬁject for specu—
, lafion:g There has been eV1dence recently that water has
.'a dlrect 1nfluance on m1crob1al re51stance to desuructlon‘
}by dry heat o -
| The ef¢ects of water on the dry heat destructlon
f-ratesrof spores was: flrst reported by Murrell and Scott
(57 57} ThlS 1n1t1al reDo“t has been supported by
_lfurther studles, deallng dlrectly w1th water and dryrﬁéat‘f
‘destructlon, by Murrell and Scott(Sz)and Angelattl et al (1.
In addltlon, a con51derable number of studles in recent
: years(l 2, lO ll 21 26 Lg, 55 62) reDort dry—heat destructlon N
;rates for sp°c1f1a condltlons .

‘ | Research on the subject has 1nd1cated that the
_dryFHeat destrucLlon rate of microbial spores is a funetion
of the quantity of Qater in the céll at tﬁe time.of heating.
- The Quantify of‘wéter in the.bell at the time'of heatingi

‘1s not constant apd will d83°nd on c:rnaln condltlons.
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,fwa physicai conditions, open and closed systems,
which represent extremes in water movement to or from the
- cell durlng heating were defined by Pflug (61). Micro—
organlsms in a closed system are defined as those cells
'located in - such a’ manner that they are completely surround—‘
fed by a solld nauerlal that is smperv10us ‘to the transe_
}m1551on of water vapor rIn‘contrast mlcroorganlsms 1c _g; 
“an open‘system are those cells located in' a manner s0 that -
when they are sub]ected to a dry-heat sterlllzatlon process
' the cells are in 1nL1mate and continuous contact w1th the‘r
surroundlng atmosphere.: The relatlve 1ocatlon of the
:.mlcroblal cells, 1n elther a closed system or anropen -
'isystem, 1s 1mportant because of the effect of the phy31ca1
;system on- water vapor transfer to and from the cell.

Open and closed systems represent extremes‘as ji;
fregard to cell water transfer and ‘a great number of phy—a;“
;;81cal cordltlons lle between the extremes. In the develop~
L:ment of sterlllzatlon processes for space hardware,_the
';problems of burled mlcroorganlsms, surface mlcroorganlsms;li
"and mlcroorganlsms 1n mated surface areas must be;ff
;con81dered B | : | o .

o e Burled sleroorgaﬂasﬁs‘are completel§ surroucdedir
:ffby a SOlld materlal that lS essentlally lmperv1ous to the
transmission of water vapor.‘ In evaluatlng the phy51cal

hcondltlons of mlcroorganlsms surrounded by materlal
“the permeablllty of the material and the dlmen51ons and

,geometry,of'the containing object must be_con51dered.
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JA-Dlzsoc—value (the D-value 1is the time it takes

at a specific tempefature to reduce the population by 90%)
of 5 hours is believed to be required for buried micro-

organlsms Angelottl et al (1) and Paik and Sherry (60

‘have evaluated the dry heat res;stance of Baclllus subtilis
;f?df;‘aigig burled ln plastlc The results of both g“oups .'
?1#é;cate a may1mun D125°C valﬁe of 5 hours.r On the ba H
.Of the data, lt is belleve& that a D125°C—Va1ue of aboutL
5 hours will be the maximum required value for buried
 m1croofgan1sms on apace hardware.
| | There are- at 1east flve factors that may affect fhe
 D Qalue of the sterlllzatlon process and must be con51dered
-1n‘connect10n thh burled mlcroorgénlsms. These,factqrs
are as follows L | | o
| 'f;il.liThe.m01sture le?el of the mlcrob1al cell af the

:é&;tlme of encapsulatlon
'f?Q}:]The size of the gas volume surfoundldg tﬂe
  :m1crob1a1 coll ‘
7i§1f;The phy81ca1 and cﬁemlcal‘characferlsfics of
”*fithe surroundlng material, namely, if it blndé
”1=giwater tlghtly, 'contalns absorbed or: adsorbed

'"ffffWater,'or has a: hlgh permeablllty to water

k*;fAny speC1al pretPEthents such as the heat
ﬂftreatment glven to some electronlc components
‘whlch could alter the water content of the

plasth
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5. :Aoy bactericidal properties of the Surrounding
material (61,63).
Poesible locations for buried nicroorganisms aret
‘therinterior of many electronic piece parts, under coatings,

,and in potting compounds and sal a Dropellants.

Tf(;;Surface.;lctoof;an*sm; are located on. space’ hard;
”;weterln“such.a ﬁannehttnat toe cells are in lntlmate and
‘TCOetinuous contact olth the gas atmosphere used to conduct
heat‘to the space vehicle durlng dry heat sterlllzatlon._'
"This definition'thus‘cetegorizes micfodrgenisms

Von surfaces in Lhé 0pen system c1a351f1Cdtlon. -Therefore,
% the deetructLon rate of thesc organ:sms w111 be determlned
cby'three factors:v(a) initial moisture dontent of the cell
e(b) vapor pressure éx tne gae sﬁtround:ng the cell and‘:
(c) the mass trana;ef of_w ter to or from thercell.A.

. Mlcroorganlsms located on the 1n81de surfacee oj
‘a.hermetlc contalner may be con51dered a speCLal case 1f
*fthey ate—ln 1nt1mate and- contlnuous contact w1th the

rlnternal atmosphere of the contalner._ Each hermetlc

unlt on the spacecraft must be con81dered as an 1nd1v1dua1 -

'g“51tuatlon.l.‘:- B _f‘,} ﬂ,;Ji;j_“_jf-{- - ":;.‘ lﬂ,,fi‘- QJ"

Mated suﬂ;ace mWCPOOﬂganlsms are Tocated on the

erﬁace‘vehlcle in Such a way that they cannot be cla551f1ed

7:!e1ther aS surface or as- burled mlcroorganlsms,.hooever,1
;1f mated surfaces rofn a hermetlcally sealcd volune,lthe.‘
:microorganlsms locatedrthereln must be con51dered burled

The micrcorganisms in most ﬁated aPeas, however, appear to
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be in é type of open system. Therefore, the same three
parameters, mass transfer rate, water content of the cell,
and water contefit of fhe surrounding gas, will determine
the D-value. | |
Tne de51gn and éstabllshménL of a dry heat sterll—
: 1zat1on D”OCESS requlres not only the phy51cal condltlon _f,f
fpreseﬁt Dut aWSo an. estlmaLe of the numbers of organlsmﬁ"
to be kllled and the dry—heat deSLructlon characterlstlcs
iof the mlcroblal poPulatlon.
| | _The dry- heat deeructlon of mléroorganlsms is a
functlon of temperature and tlme. " This destructlon rate .
ilS temperature depﬂndent——lncrea51ng the temperature
‘decreases the D- value. In more recent years much of Lhe
work on thermal re51stance has been expressed in terﬁs of-:
- D- values or. the tlme requlred to reduce a populatlon 906,,
”aééumlﬁﬂ épprox1mately 106arlthm1c rates of destructlon
iThermal re31stance of mlcroorganlsns is 1mportant in all
;{sterlllzatlon Drocesses.- For thermal re51qtance data to . |
iﬁgé.;amenable to analytlcal treatment there must be accept—‘“
'*éd theories of the death of mlcroorganlsms. The 1ogar1thmlc
}order ol_death of mlcroorganlsms flllS such a need (46, 51).
5 In'the logarltnmlc orde” of death cells dle in a geo~*' 
ﬂﬂmetrlc Drogre531on whére 1nleach equal succe551ve tlme
.1nterval tnp same fraotlon of remaining viable cells d1e.
Knowledoe of the 1oaar1tnm1c order is hlghly

important because it permits the mICFOblOlOngt to

compute the death-rate constant X (or its reclprocal,
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the D—velue). ‘Many early baeteriolegists‘noted the
straight line logarithmic order of death under various
sterilizing conditions (70,785 and calculated a K value
for such reactions. K can be defined by the following

equation: = i74'

(1/t) (log Mg - log N) '1*,-<15-;'[j-‘
Awhere-K is. ameon tant, dependlng on the organlsn, tehpera;
: ture, subs*rate, and the use of 1ocar1thms to the base EO°
__t 1s the tlme of exposure, usually in minutes; NO is‘the
number of organlsmb v1able at the beglnnlng of the %ime'
, 1nterval N 15 the number of organlbms viable at the end
j of the tlme 1nterva1 ) Katz1n et al (35) p01nted cut that
fa_QO reductlon 1n the populatlon resulted in the follow1ng

-fermulatlop ;n the equatton for K

R
e

0
s
=
n

*‘,*5th’tgs~1/K;;cafiﬂé-
,}Tlme t was deflned as the dec1mal reductlon tlme (DRT)
"whlch is. abbrev1ated to D. Therefore,';

_2:_;: l/K

The logarlthmlc model for mlcroblal destructlon-?
.jﬁjcan now be descrlbed by the expressxon

__3_ _4N_,=
. log Ny

— ”'-j:(sj;’3‘~
. 5— * o8 No an

‘;where NO is the 1n1t1al mlcroblal populatlon, D is the r
' mlcroblal destructlon rate, the t*me to reduce the popula—

”.tiOn‘by 90° at temperature T; N is the populatlon after

P
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t mindf;s cf heating. If the logaﬁithm of th;‘number of
survivors is plotted versus time, the resulting cﬁrvé
(commonly referred to as a survivor cur?e) is a'straight
line. The thermal destructioh:model can now be réarrange&
~ This afrah?s%éﬁf is done to emphasize that fhe'
term € 1s.the sterlllzatlon requ1rem=nt that must be
“ sat1sf1ed by the heat process. It is deflned as the
g "equ1va1ent ster11121ng time! _of that time at the stablized
'f?tempe“atura T sufflclent to achleve sterlllty. This con—r
-Ljdltlon holds true not only for heat sterlllzatlon but also
lfor chemlcal sterlllzatlon w;th cases or 11qu1d and for |
'. §ad1at1on”sLerlllzatlon; AppllcaLlon of this pr1nc1ple
: iS‘of£en ovérlodkéd'ih éstab71sh116 minimum exposure
 :per1ods or doses for the sterlllzatlon of materlals or
1ﬁﬁproducts - If the total 1oad of mlcroorganlsms is kept
tiﬁlow, and the number of ster1llzatlon re81stant types of
'- 6rgah1sms lS kepf léw, and the exposure perlcds or doses
1?%necessary for sterlllzatlon resistant types of organlsms
f;ls Pept low, then the exposure.perlods or doses necessary
- for SLEPll’ZaLlOD can, be kEDt to a mlnlmum. ThlSAlS one
, }0+ tne chleL;factst that_moleateslthe_use of éleah—ro&m_
;conditioﬁs hot oniy‘for the ﬁanufacturérof spacééraff |
- components but also in the asSéﬁbly éf the spacecraft it-
self. | |

From the forégoing,fit-can-be concluded that
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micrchiclogical contamination iz presant in and on space-

craft. To kill all life on spacecrafit, two major steps

must be assgembled under conditions that will keep the’

k)

ey that the

)
£,

level of contamination to a minimum in o:

s

sterilization cycle will have the least load placed upon

ity (2) A final sterilization agent must be applisd that
will kill all remdining internal and surface contamination,
The selectionlof the method of final éterilizatibn should
ba based on: (1)} The need +o achieve both internal énd

surface sterilization or surface.sterilization alone, and

(2) the effect of the s

l—f
|~s

ilizing agent on component
reliability. There is little to be gained by a spacecraft
that is stevrile, but ineperative bzcause of sterilization

damage. TIf a final analysis of the risks invelved indicates

'*'r’

that a lL cumponenta must be internally sterile, only heat

b

or radiation can be used te accomplish this result. OF
the alternatives, heat QDP ars to be the best process

Lecause of its Simﬁlicit;‘and,low cost., Heat cannot he

—
e

sed To sterilize gpacecraft in the manner commonly used

0
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o
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0
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el

pariods of time. Instead, comparatively low temperatures
for long pericds of time can be uued”qﬁtd a minimum of

dangery to hardware reliability.

on very few species of microorganisms: of these using
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seil'samples and assaying the survivors, the soile wefe
from areas remote from the spacecraft itself; and isolation
and aSsay brocedures used incubsation temperatufes of 30-32°C.
, The presenL 1nvest1gatlon has at ethed to 1ncorporate_many
rﬂ,:of theee chawbes and SDElelCally to 1ncorporate lower
l:ilncebaclon temperatbres to PESLP7CL the study to psychro—
:phlllc mlcwoorganlsms | | ’
Hawry1ew1cz has reported that on Wars m01sture
' Wlll llkely be avallable to organisms below 8°C only{(38,39)
. therefore, in order to.be a potentlal contaﬁiﬁant the_
ieofganlsm must possess the ablllLy to grow at lower
ftemperatures and such organisms are not detected by the
fpresent mlcroblal monltorlng stendards of NASA For these
reasons,.lt aDpears to be of great value to extend the ‘
?jpfev1ous studles to lnclude the lsolatlon and study of -
ipsychronhlllc organlsms from the areas directly aSQOC1ated
e  w1th the Vlklﬁc | |
g : It is reCOgﬁlzed that there are numerous deflnltlons-
‘iyof psychroph111c orcanlsms 1nclud1ng those based on optlmum
vgrowth range -Lhe 1atter usually is deflned as the
’f;formatlon of mlCPOSCOplC COlOHlEa wlthln a certaln tlmei

Erbperlod ' Thé deflnltlon of psycqronhlees has plagued

Et'bacterloloclsts 8lnce the. term was flrst used by Schmldt—;.

}HNlelben (8 72) in 1902 to descrlbe those bacterla obse“ved
" by hlm and by Drev1ous workers (25 46 48 50 72) whieh grew |

at 0°cC. PsychrOphlles are a sudeV151on, elqngrrw1th
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meéopﬁilas and thermophiles. Since repPesentatives of the
last two groups of_microorganisms are defined on the basis
of their ontimﬁm temparatura_for gfowth; it seemed appro-
-prlate to the earlier microbiélogists that psychrbphiles

be SlNLla“T charact Pl ed. . Several standard microbio-

fﬂlorlcal tex;s ‘define Dsychroohlles as mlcroowranisms with

an optlmu '{“ﬁpebaéufé for c“owth bclow about 15°C (27,71},
One of ihc “ﬁln ﬁroposals made bj Ingraham and Stokes (ué)
was that psy hwovhlles should be deflned not on the ba51sl.
f thelr opt1muﬂ temperatures, but on the1r mlnlmum |
ftemperatures for growth. They sugcested that psychrophlles
’;be deflned as mlcroorcanisms whlch grow well at U°C w1th1n
"two weeks They also SugUESLEd that good growth be -'
cons1dered as tne forﬂatlon on qolld medla of colonles_.f
:v181b1e to Lne na<ed eye.
| Stokes (72) 1auer sug ested that the perlod of
:flncﬁbatlon nig ht be shortened to one week at OGC.,,Ingraham'
 ?and Stokes (HS) and Stokes (72) deferred to the wldespread
?iuse of optludﬂ vroth temmeﬂatu es in deflnlna psychro~  |
ﬂphllTC mlc Oﬂganlsns by sugcestlﬁc that these témpefatures
ﬂ;should contwnue to be used for SHDleld;Hg the gfoup into' 
;;"Obllcnte”.pIYCHPODhLIES, ﬁﬁlch have an ontlmum temperature;
_:for growth 1‘ﬂlcu 20°C and "‘acaluatlve" psychﬂophlles
1 -wh1ch have oatlﬁum tenoeﬁauuwes above 29°C. AThls sub-
d1§lslon ls'use:ul and appears w1de1y accepted. .The vast

majority of psychrophiles that have so far been described

o

are facultative psychrophiles, but this may not reflect
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the true extent of their distributidn in nature (6,735. |
A whole“faﬁge of alternative terms for describing psychro-
philic'microorganisms'hés 5een proposed over the yeafs
(6,68,78), but none of these has gained wide acceptance.

The overall objectlve of these studies in
'én§1ronmentdl MlCPOblOlOgy as Related to Planetary‘
?;Quarantlne‘ls to gather -data that WLll aSSlst in deveiop;
:ilng spe01f1catlons to desxgn, DUlld, and sterlllze.’. :
: planetapy explorat;on hardware‘whlch will meet the
 intefhafioﬁa1 Committee on Space-Resgarch cbnstrainfé |

'régarding'contamination of the planets.



CHAPTER III
MATERIALS AND METHODS

Selectlon of Samblms

In Octoacr, 1972 5011 samales wererobfaiﬁédkfram
aifes at the manufacture.area of the Vlklng anCecrafL.ln
N Denver, Colorado (M) and from varlaus areas at Cape Kennedy
(K) where the spacecraft will be housed in preparatlon for
 T1aunph1ng ; A1l Samples were taken fron around main
:_éa%faﬁaes:throuvh whlch dust contamlnatlon mlaht entéf
-j(Table'lj‘ All samples were suﬂface sanales, no dmeﬁer.
ithan 5 -6 1nches, and 1ncluded grass if lL were pr esent at-
ithe 51te Sammles were taken usxnc sterlle hand spades_a‘A?

fgand con+a1ners i;_;_'ﬂ

Isolatlon of “lCPOOPWaHlSNS

The sanbles w;re reLurned to the laboratory,land‘ﬁ
-;aach was tnorpughly mlxed by shaklng in a half—fllled
°?siefiié'¢dntaihéf A ten- gram portlon of each wWas serlaliy
ifdlluted ln 1.0% peptone to a flnal dllutlon of 1: 106 prlor
a;io platlng A ten- fold dllutlon schene was us ed and tha
”‘flrst bottle (QOnl) in each dllutlon series contalned
'glass beaas for bﬁtteh dispersal of soil partlcles durlnv
lmixing. Subsequent dilution’ tubes (ml) were mixed on a

- Vortex-Cenle Mixer (Fishe»r Sc1ent1f105 Houston, Texas) to

T30 .



31
to "assure thorough lelng One mllilllter and one-tenth
milliliter aliquots from the first dilution bottle ang
one-tenth mllllllter allquota from all the dilution +tubes
were transrerred 1ndlv1dua?1y to the éurface of plates of

TryDLlcase Soy Agar (TSA) and. Nycophll Agar (DH 4.0). Media

“accobding_to_manufacturér‘s'dire¢tions, allowed‘tc stand -

?ir_at room temmerature for 2k~ 30 hours, and then chllled at"‘_l

1,27°C for at least 24 hours prlor to use The spreadplata'

'f psychrophlllc organlsms by the warm agar requlred for thei
f;pour plate technlque The dlfferant medla used were
, prepared from the same "1ot“ of dehydrated medla (BBL)

:fand these "lot” numbers and oLher pertlnent 1nformatlon

4concern1ng preDaratlon of medta were noted in a log book

o for control purDoses. 'Diffebential media and testireagents‘

use in thls research and all manlpulatlons were performed o

in a lamlnar flow cablnet (Env1rco %1nlBench,fModel MBOfQS,
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TABLE 1

SELECTED SAMPLE SITES FROM THE MANUTACTURE AND
ASSEMBLY AREAS OF THE VIKING SPACECRAIT

. SOURCE

{-1 Outside high bay area on ‘cooling tower side

}fﬁﬁﬁf ;A~From]thefManufacture Area,in,Denyer,‘Colofado_

M-2 West side of high bay area®’

M-3 - . Back of high bay area

From the Assembly Area_at Cape Kennedy

K-1 . Bldg.M7-1469 Fast of low bay door/north side of blag.

" K-2_ Bldg.M7-1469 West of low bay door/north side of bldg.

K-3 Bldg.M?—lHBG Divectly in front on low bay door

o -81dg.M7~1469‘“ast of high bay door/south side bldg.

SK=5 Blag}

M7-1469 West of hlgh bay door/south 51de bldg
i k;6;A Bldc M7-1469 Dlrectly in’ _ront of high bay door
:iK—7;-‘Bldg. AO'Dlrect?y in fron* high bay- (west) Dark sand
:fk;éf 'Blde*Aé Dlrectly in Fronu hlgh bay (west) nght sand
':iK—Q ‘Bldgf AO-From curb directly in front of high bay
‘;)k;iU Bidé.:AO Main pérsoﬁnelkentrance/east side of7bldgf
©¥%.11 Bldz. AD From vacuum units inside bldg.

L K-12 Bldg; AO Outside main entrance to the clean room

 %From roacbed of'fill dirt_—— not native soil k,"" .
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Albuquerqﬁe, New-Mexico)-
Duplicate plates were prepered for aerobic, aneero—
bic, and fungai coents. The plates were placed in'the 7eC
‘incubetor (Freas Model 805) 1imme 1ately after 1noculatlon,
aﬁd only the anaerobwc olates were allowed to reach-room
~temperature-durlﬁg‘tﬁe.- ipu latlons. The anaeroble Plauné.
:‘ﬂere.“ecnllled afte 1 woculatloﬂ, Dl ced in B“ewer'; |
VAnaeroblc Jars w1tn Ces Dacs and Anaeroblc Indlcators (BBL)
| and placed in’ the 7°C 1ncubator es SOOT as anaeroblo
condltlons were achleved as shown by the indicator Capprox1—

mately 3- 4 hours) A freshly 1noculated TSA slant of

Alcalloenes fecalls (NASA Standard test organlsm; Center

~ for Dlsease Control Pnoenlx Arlzona) was placed 1n each n
.anaerobe jar as a blologlcal 1nd1cator of anaerob1051s. |
f In no cgse dld thlS control organlsm grow in the anaerobe :
systems.. All 1nhubators were nonltored w1th maXLmum—
‘mlnlmum'reglsterlng thermometers (Taylor Model No._5458)
hch were checked dally. Deviat ions from 7°C were never.
‘more than l 2°C, and these‘were usually below 7°C. Sllght e
1ncreases in temperature occurred when samo]es wefe belng ‘

' added to or removed row tha 1ncubators.'

Arter 1noculateon of the plates for countlng

puraoees, 1. U ml allquots were tranaferred from the 1 10
dllutlon to trlpllcate tubes oF sy thetlc media de51gned
for_lsolatlon_of bluergreen algae, green algae, green

sulfur bacteria, purple sulfur bzeteria, purple non-sulfur

bacteria, Nitrebacrter, Nitrosomcnzs, Ferrobacillus and
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Thiobacillus. These media were prepared according to

formulations given by Stanier, Doudoroff, and Adelberg (54)
and Frobisher (17). - The inoculated tubes were incubated
at 7°C for 30-60 days and examined both macroscopically

and microscomicallv (phase~contrast and staining).,_Media

-‘Mlnoculated for ‘the cultlvatlon of phototrophlc organlgms

:ﬁiwere placed 1n a llgﬁted lncubaLoL'} Cultures showlng
fp051t1ve resultq were subcultured into fresh mvdla,'
,1ncubaLed for another 30 days and again examined. No_
:;atuempts were made to count these organiéms, bnly_fo_

‘demonstrate thelr ablllty to grow at 7°C,

.Growth TemDeratuﬂe Studles

Plafes show1ng countable (30 300 colonles)‘resﬁlt~'
;after 14 days 1ncubatlon were selected and all colonles
‘{HfrOm these were translerred to eaeh of three TSA slants T:r‘
.l'-‘.-‘"]_ncuba‘t;t_on at 3°c (10 1y days) 2400 (3-5 days) and 32°C
ﬁu(48 hours) Plates w1th hlgher counts were examlned for
“fjlow populatlons of oraanlsms thCh dld not appear on the =
‘”ipountable plates.r After growth had occurred the resultc
'_ﬁere recorded and organlsms show1ng growth at 3°C but noxtl
 at 32°C, were cla581f1ed as psycﬁrophlllc, accordlng to

. the deflnltlon used *n ihls anESLl" tlon

-..ideﬂtfficatfoﬁ 6f-Iédlateé

All luolates from the manufacture area (M) vere
'Aeyamlned 1nd1v1dually by stalnlng and blochemlcal testing

From these_results, the temperature studles, and colonial
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£
.o

characteristics, the organisms_were identified.tb-major

generic groupe.l Fron'theee'detailed procedures it beceme
appareﬁt that the organlsrs could be grouped on the basis
of tempela ture studles and colonlal characterlstlcs at the

,d f erent -

't’ + o,

-:r*r:'

e_ee etures;mmlor thls reason, it was dEClded to '
galter Lhe proeeduree“ter_the sanples from Cape Kennedy.
.All colonles froﬂ counteble plates of these samples were
‘tranSlerred to lSA slants for determlnatlon of temperature
requlrements as descrlbed prev1ously.r The 1solates fromr
l1nd1v1dual samoles were then grouped on the basis of these‘
1temperature studles and careful examlnatlon of colonlal
icharacterlstlcs at all temoeratures at whlch they grew._'
iThe mean number of 1solaues from each eample was 104
fleferences 1n Lhese characterlstlcs caused the organlsm
;fto ‘be placed 1nto dlfferedt grouDs. After these were group—
{ed,'random tubes were selected from each group For stalnlng
ﬂand blochemlcal testlnﬂd,lSelectlon of tubes was performed
jiby u51ng standard random'tables, and the number of tubes |
f{chosen depended upon the-81ze_pf‘the group;_ In all cases
;at least one hell of th ,tselatee'withid'e Eroup, or a mean.
;nuﬂber ol:at leest 52 1solates per sample, were selected
'Efor stalnlnw and blochewloal testlnc ' The results from 7
:fthese procedures allowed Lhe generlc grouplng of organlsms
:for the‘determlnat1on of dlStrlbutlons oF the dlfferent
| ty?es' : S
The 1solates were grem~sta1ned tested For motility

using a wet ‘mount and Dhase contrast mlCrOSCODj, and
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jected te selected biochemical tests. The biochemical

-

sub
tests used were Hugh-Lelfson's test (glucose), Xovac's

oxldase test, nitrate reduction, citrate utilization, starch
hydrelysis, gelatin lizuefaction, casein hydrolysis, acetoin

producticn, methyl red uvtilization, phenvlalanjn 1LCdTbOX#”

fand

ation, litmus milk redctions, catalase production, indole

production, urea hydrolysis, Seller's, H preduction, and

2,
fermentation of lactose, sucrcosz, mannitol, and glucose.
Although all of these tests are ﬁot included iﬁ-the

ident 1f cation scheme, they wers ussful in'differ—n" ating
isclates within the various genaric groups. Organicms
thought to be sporeformers were grown on AK-2 Sporulating
Agar (BBL) at either 7°C (10-1%4 days) or 24°C (3-5 days).
These were then spore staiﬁed by the cold method of

Bartholomew and Mittwer {(18) to demonstrate production

&

of =pores.
From these results, thz or

major groups according to the szcheme presented in Fig., 2

(p. 38). Members of the Micrococcaceae were identified

coccl wepre isg oliheq. The Cow* nebacterium~Brevibacteriom

group may also include members of the gensra Arthro-

bacter Microbacterium, and Celiulombnas (29,88,59),
but attempts were not made to differentiate these. The

Alcaligenes-Acinetobacter groun nay also contain menmbers

of other clesely-related gensrs zuch as ﬂLnWUmsbact A

g q

but accovding to J. M. Shawan {(Cevsonal communication,



FIGURE 2

Dlagnostlc key for grouplng of lsolates from soil samplos.fV
a55001ated w1th the Vlklng spacecraft
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January 31, 1973) this genus is being absorbed into the

Alcaligenes. The Acinetobacter genus is included in this
group because of inconsistencies in the results of the

oxidase and motility tests. As a general rule, organisms

_“of thls grouD are. ox1dase neCaLlVE and non-motile. The

‘ﬁtaxonon1c relatlonshlp of the Flavobacterwum Cytophaca
:.éroup andrrelated organlsms is still under debate (69) \
_therefore, they have been placed into a’ 51ngle group 1n‘
this scheme | | | |
_ The fungl were 1dent1fled to genus accordlng-to |

ltthe methods of Barnett and Hunter (4) and Barron (5, |
f;and the yeasts were 1dent1f1ed follow1ng the methods of
Lodder (53). ~ This was performed with the a531stance.of
,lD?: John Brandsberg,'Ceﬁtef for-Diseese Contfol,uKanSes
:E;C1ty, Kansas ‘ S o e
. All aeroblc 1solates wete.subjected to aﬁaeroblcl> 
”Acondttlons to determlne whlch ones were facultatlve: |
ftanaerobes.t Slnce ev1dence lndlcateq that only a. trecei
lhamount of oxygen is present in- the Martian atmosphere,"
’.the most 11kely organlsms to Grow in thls env1ronment w1ll
'”fbe anaerobes or'faoultatlve anaerobes. The anaeroblc
7ytlsolates were subjected to aeroblc condltlons to.. determ1HE.
?‘;lf they were obllgate or facultatlve anaefobes.
| Slnce.two'mechanlsms of eontamlnatlon of the Space—
eraft are inadequate-tefminal -sterilization and Peeontama'
ination aftet eterilizetion, it is likely that the contam-

inating flora, if it is present, will consist primarily of
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sporeforming organisms._rFor this reason, all isolates were
‘cultured on AK-2 Sporulating Agar (BBL} and spore;stained'
in an ettemot to'demoﬁstrate spore formation. Because some
1solates dld not readily demonstrate spores, they were
then washea and susoended in Dhosphate buffer (pH 7. 0)
heat shocxed at 80°C for 15 mlnutes (22) apd piated on “;t
TSA plates to show surv1val ) . - A |

Representatlves of all lsolates were lyophlllzed
for future reference by washan a u8 hour TSA culture w1th
2 ml of 10 sklm mllk placing in a Vlrtls Vac Vlal, qulck—
free21ng 1n a dry ice- acetone mlxture, and drylng on a |
VlPtlS Unltrap lyophlllzer (VlPtlS Co.,VInc., Gardlner,f

-New York) for:24 hours. :

' Preparation of Soore'Suspension'

Spore suspeﬂ510ns were made u51ng flfteen pure ‘

‘cultures,.lsolated from the orlclnal 5011 samples, whlch
surv1ved exposure to a 51mulated Martlan env1ronment'
(NASA Research Hardln Slmmons Unlver51ty, Abllene, Lexas,f
unpubllshed data) S B | | |

: The organlsms used 1n thls lnvestlcatloﬁ eere grown

on’ AK 2 SDorulatlng Acar (BBL) The medlum was prepared o
aCCOPdan to the dlrectlons on Lhe bottle PPlOP to
.pourlnc the medlum 1nto the plates and after tﬁe medlum
'.had cooled it was supplemented w1th 0.8 mllllllter of.a
sterile lU -calc1um chloride solution.

- Pure cultures of the de51red organlsms were washed

with stewlle phospnate buffer (pH 7. 0) then heat shocked
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at 809°C fer fifteen minutes. Using the heat shocked |
suspension, the surface of a supplemented AK plateuwas
inoculated using a sterile cotton swab. Plates were

incubated'at 70¢ for 3-5 days or until sporulation occurred.

-t

A heavy suspension o ~ores was then Dreaared from the AK

fplatesAln sLerlle delonlzea weuer The SUeDen51on was heat
Tshocxed at SDOC for le een ﬂlnutee.‘ ‘Ten rresh plates o;:
AK agur were 1nocu1aued w1th the spore’ susnen51on u31ng a
cotton swab The DlaLED were incubated at 7°C for 3 5 days;
Each plate was checked for snorulatlon by preparlnc stalned
SmMears and examlnlng ﬂlcrosconlcanv. Any plate that dld
enot have a least 90% sporulatlon after 5 days was dlscarded.
The growth of each plate was collected u51ng cold
ferlle delonlzed dlSLllled waLeL.: Using a Bronson Sonogen
_A.Serles ultrasonlc bath the suspenelon Was. 1neonated in: -
iecold O 3ﬁ Tween 80 for thlrty mlndtes at’ 25 Khz/sec; to"hl
'break up vegetatlve cells.' The temperature of . the baih was‘
1;mon1tored and malntalned at 5 10°C by the. addltlon of 1ce._ 
fThe spore sﬁsnehelon wae”then”centrlLuged at 2u00 rpm 1n aﬁ
-;rexrlgerated centrlfude (Internat*onal Model B- 20) kept at
'eMOC The spores were washed 51x lees in sterile phosphate
-ebu :er by centrlluga+lon and then rlnsed tw;ce 1n ethanol
jfby centrlfugatlon.--Tne ;1qai eulren510n was stored in,
_[steﬂlle 95° euhanol The;Llnal saore suspen51on was check-
.;ed w1crosc0pﬂcally by'maklng a smear and stalnlng by the .

"Scnae fer and FulLon Modlflcatlon of the VlPtZ Method of

Staining Bacterial Spores. - The.spore ‘suspensions were then
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tltered uslng a ten-fold dilution scheme and plated out on
TSA plates Incubatlon was carried out at 7°C for 3-5
days. All spore suspen51ons were adjusted to apDPOleately
1 X 108 spores per milliliter by the addition or removal

of alcohol.

'1ii;33~3' D= Value Detewwina::on

Thekobjehtlve oF thls EXDCleEWt'WAS te'eeﬁéare‘the
1sufv1;al characterlstlcs of dlffewent psychrophlllc spores
‘under 1dent1cal condltlons.: All operatlons, prior to ‘
1ncubat10n of tne plates, were carrled out in a down-flow
_Alamlnar LlOW clean room. The clean TOOm Was malntalned at
21°C. and at a relatlve humldlty of 50
‘ A The spores were squorted on 1/2 1neh.squafe, '
-”etalnless steel Strlps (planchets) type 302, 0. 0l5 ‘inch _;”
‘:ﬁhlck. The St?lps were p : ared by washlng in non—lonlc-

'deteféent _r1nswng flve tlmes in Lap ‘water and then twmce
:jln dlstllled water. The planchets ‘were dlpped in 99/ |

' 1sopropyl alcohol and then ethyl ether and allowed to dry.rl;
-ﬂThey were placed 1nto petPl dlshes and sterlllzed in a_” -
;hot air oven at 180 200°C for two hours.'

‘H‘%E Every h ag trlal utlllzed 24 Dermanently number—ri
'ed reCLancLlar Ccher beaea, each contalnlnc two 1/2 inch
 square plancnets wnlch lald flat in a shallow groove
 punning the len aref' aeh The conper boats were cleaned
with sterlle 95a ethyl alcohol and arranged in numerlcal
-order in four rows of six boats.each on a sterlle stainless

‘ steel sheeL._ The sterlle olancnets were then aseptically
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transferred te each boat, two per Eoet? end deposited with
the dESlPed spore suspen510n " An Eppendorf nicfoiiter
elpette was used for deD051t1ng 0.01 milliliters of the
ethanol suspension on each planchet. The order of deﬂ.

DOSit Lon was Wade ln a snake- llke pattern. The deposits

;‘,

with +He flrst row of PlanChELS on the first:row'of

i

v
_0‘-

g

w -

at 'ané:a- eeeded from le‘t to r_gqt.f flext the “first
‘fo; of alanceets on the second row of boats was 1noculated
fron rlght totleft,‘ After one planchet had been inoculated
bn'eacﬁ boat ‘the pfoeess wae.fepeeted.for tﬁe seeond'roﬁ
of plunchets and contlnued untll dDD051ts had beern made
ton all planchets (Flg .3).’ In order to malntaln even
;dlstrlbutlon, he spore suspenelon was remlxed (after :
fevery lee deposmts) u511g a Vortex~qente mtxer. rfhel
 boats contalnlng 1nccu1ated planchets were traneferred to .
 apother sterlle tray 1n the order theﬁ were to be placed
1ater on-‘a’ hot plate. Hot Dlate p051tlon was determlned
lby the use of a table of random numbers.' | |
»—r--r The dep051ted speres were-allowed to condltlon
‘;for 20 2% hours in the lamlnar downflow olean room. | The
.boats and planchets were shlelded from dlrect alrrlow by
 a sterlTe stalnless steel tray nleced over them, althouvh_
:tee.eysteﬂ was lett ocen 01 all s;des.-: - B
USan a table of random numbers twenty one of the
: boate were aselgned tﬂeatment tlmes (heatlng times) and
the otner three boats were used as controls (non heated

[boats). Each treatment tlre (Tl'throuch T.) plus the
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Figure 3: Example of Boat Arrangement for Spore Deposits
(From Ex.p LW40158)
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:Flgure 4 Bxample of Hot Dlate Boat Sequance'
s ' (From Exp. LNHOlSB) ' :

Thermocouole f;'fﬂiﬁf Thermocouplek
.- Boat, e e . Boat

1 |sofmy o os|los )T, 15 3Ty

- 2 160 T3 8|10 T7 16 88 T

©3 |18 |Ty B0 |1be|Ty.  17[137 |7

Coow o pes|Tg arjues T, 18] 23 |7

L5 4121 fTg 12| 15|t . 19] 67 |T

6 {136 v, 13| salT, . 20| 92 |T

7 | 71 TS 14y 113l T 0 21f143 T,
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controls (Ty or NO) consisted of three boats. Heating
schedules (Tables 1 & 2) and hot plate placement diagrams
(Fig; Ql were made for each experiment. The copper boats
were placed on the hot plate‘and heated for the designated.
- times. Upon the completlon of each heaLlng 1nterval the
:de81gnated boat was removed lmmedlately from the hot plate i:
Qand placed on a coollng plate for a minirmum of three |
.MlHULeS A SpeClal holdlng tool was used to handle all
-boats. |

| All'heatihg.times‘were completed before preceesingn4
Sthe planchets. The copper boats were plcked up by means
‘fof the spec1al holder and transferred to a sterlle gloved
ehand _Each of the two planchets was transferred spore-r_”
451de down 1nto a dry, sterlle, pre labeled 125 ml
:Erlenmeyer Flask ? To begln proce551n ” 25 or 50 ml of
‘sterlle phosphate buffer was. added to each flask The
:Tamount of buffer was based on the estlmaued number of.
' SUPVIVEPS.. See Table 2 for the dllutlon scheme.h Each
j?flask contalnlng the planchets and buffer solutlon wae b?
isuspended 1nd1v1dually 1n the ultrasonlc tank USlng a
grubber coated Stoddard type test tube holder attached to
rthe wall of the babh.; (The flask was suebended vert;calljdﬁ
ﬁln the tank and was. p031tloned 80 that Lhe 1evel of tank
‘soluLlon [O 3° v/v Tween 80 aqueous} was level w1th the
 buffer eolutlon in the flas&) Each flask was 1nsonated
at 25 ¥Khz per second for two mlnutes Arter-lnsonatlon

_the flask was removed and one mllllllter of suspen51on



TABLE 2

TIME SCHEDULE FQR HEATING BOATS
' (From Exp. LW4O0O15B) ‘

MINUTES

 BOAT #

'TIME ON _  TIME OFF

321
136

e
SRR O I - TR

AR TR
-0 160

138
33

71
- 106.
10

a1

a1s

88 -
U137 o
Co23 Ui
8T
e 827 0 de
TR R TE ERRE R o

B R R b R e e e e e e e |

:00

:02

:02
:03
:03

: 04
04
:05

:00

: 05
: 05

T00
115

:00;
:00:
01
:0L:
:01:
:01:
:15
:072: _
b5
:00
:15
:03;
:03:
:05:00
:15-
45
100
15

30
45
00
15

30 -

45

30

30
L5
00

R R RO R e

02
:16::
:15:
:15:
131
: 31
$11:
:01:
:02
108
102
:05
: 07
:09
:13
1k
:19:
:08:
: 35
:1L
;09

00

15

30

45
00

:15

390
45

£15 .
: 30
145
: 00
:15
: 30
45

00
15

45

: 00 -
+15 .
(45

s

6
156
15
30
30
10
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2
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ST

6 -
10
10

15
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30. -
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‘7‘:'f?\?E“TABLE'3ﬁ’ D |
"% EXAMPLE OF SCHEDULED TIME OF BOAT
. " REMOVAL & DILUTION SERIES
" (From Exp. LW 4015B)

© Time O0ff .°  Hot Plate Position "Total . Blanks . -~ Amounted Plated
Scheduled Actual Location . Boat#® T, Mgigies' lst - 2nd- -~ 0.1 - . 1.C 10
Control . == . == . . 9 .0 0 50 50 75500 2550 255
Control ., == - -~ . 112 .0 0 50 50 25500 . 2550 . 255
- Control - == == oo 15% Q0 0 50 + 50 25500 . 2550 255
~.1:02:00  1:22:00 1. - 80 1 2 25 25 - 6250 " 625 62.5
S 1:04:30 - 1:04:30 10 ~149. 1 2 25 25. 6250 . 625 62.5
1:05:00 . 1:05:00° 12 - 15 1 2 25 25 . 6250 . 625 62.5
©1:06:15 . 1:06:15 2 . :.1B0 -3 6 50  -=- 500, 50 : 5
.~ 1:07:15  1:07:156 : 13 - .- 90 2 o4 o . 25 25 6250 7 625 © B2.5
91:08.45 . 1:08:45 18 . 18 2 Cy o 25 25 6250 . 625 62.5
©1:09:30 1:09:30 S 1u v 113 3.0 B - 50 -= - 500 . 50 . 5
. -1:09:45 1:09:45 .21 = 143 2 I 25 25 6250 625 62,5
© 1311315 - 1:11:15 0 .20 0 82 3, 6 50 -— . 500 50 5
©1:11:30  1:11:30 7 7L 4 710 50  -- 800 50 5
1:13:45 -1:13:45 15 - . 3 -3 4. 50 -— 560 . 50 5
1:14:00 . 1:14:00 18 . - .88 4 10 50 -— 500 . 50 5
©1:15:30 1:15:30 3 138 - 5 15 25 -- 250 - . 25 2.5
. 1:15:45  1:15:45 b .+ 33§ 15 25 —= 250 25 2.5
©1:19:15 - 1:19:15 .17 137 .5 15 25 - —-= . - 250" - . 25 2.5
'1:31:00 . -1:31:00  *5.-° . 121 ~ 6. 30 25 = 250 . 25 2.5
'2:31:15  1:31:15 6 . 136+ 6. .30 . 07.25 0 = 250 25 2.5
1:35:00  1:35:00. 19 . 87 - & 30 . 25 —_— 250" . 25 2.5
2:01:45 = 2:0l:45 .8 . 106 7 - . .80 . 25 . =-= 250 - - 25 2.5
9.02:15 2:05:15 - 9 .. 10 . 7. . .80 < . 25 - == 250 . 25 2.5
2:02:45 2:07:00 11 . ' 116 . 7 - - - B%.15 - 25 -- 250 25 2.5

Lh
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transfcrred to another 25 or 50 ml blank. The second

‘blank was mixed by shakihg and aliquots of 0.1 ml, 1.0 ml,
and'ld.O ml weré each plated in duplicate, using 15 X 100mn
dlsuosable petrl plates and disposable plpettes. Planchets
?froﬂ 1ater heatlng times were processed using only a
-51ncle 25 or 50 ml blank The ten mllllllter allquots wefc‘
plaued thh 15 ml oF one- and one half strenath TSA, all |
rother volumes were plated w1th 20 ml single- strength TSA..
gThe expected D—value was used as the basis for selectlng
;the heatlng time and the volumes to be plated so that
‘countable plates wculd be obtalned at each time 1nterval
,The 1ast heatlng time was calcuTated-UJyleld approx1mateiy'
;l X 102 spores per" planchet. T

o The plates were 1nvorted and 1ncubated for 3~-5 days
:iat 7°C and counted Wlth the ald of a Bactronlc Counterk'
;T(New Brunsw1ck 801entlflc, New Bﬂunsw1ck New Jersey)
?Prellmlnary D- values‘and V- 1ntercepts were determlned by
_fplottlng on semllogarlthmlc Daper; the number of surv1vors
:i(locarlthmlc scale) versus the heatlnc tlme in mlnutes'
:(llnear scale) and draw;ng c "best flt" llne,‘e/cludlng NO
-_he estlmated numbar of surv1v1ng spores at each heatlng
-itlmc was.recorded on spec1al cowouter data sheets and for—:‘m
{iwarded to the’ blOmedlcal computer center for computer
,‘analy51s The ‘computer program utlllzed a least squares
regression analysis (lgnor;ng N } to estlmate a D- value and
y-lntercept (YD) for each lee—temperaturc treatment

combination.
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: Iﬁ all experimenfs the spores were heated at.lIO?C
and 125°C on a specially designed hot plate. The“tempera-
ture was accurately determined with thermocouples attachéd
to‘two special copper boéts. The thermocouples were
‘cownecbed to a temnereture recordlnc Dotentlomﬁtgﬂ
- lﬁgpecbed sources of var1a+10n were the Dh?Slcal
EChaPéCtﬁflSthS OL: the boats, the DOSlthﬂ of thﬂ boaLs
‘on the hot plate, tha owder of dep051tlon, and the order
 of‘tpeatment. The‘experlmental de51gn included a random-
Hizatién schemé.désigned-to reduce the chaﬁce-af syétematic
}éfféqts dQé-£o,these SQuréeé. |

_ ‘Separation of Soll
. Into Different Particle Sizes

To study the dry heat r651sLance of spores ‘asso-
‘éiated w1th SOll parLlcles of a SDelelC 51ze raﬂgé, the
toriélnal 5011 samples from tne manufacture (M) and assembly.
T(K) were sorted ‘into four groups, <100 >88 <88 >uu ,<%4
;%22; <22um. The separatlon was. dona with sterile mechanlcal
féieves;f After each use, the 51eve5 were washed in a non-"
,ionlc deterwent theﬁ rlnsed three times in tap water and
}three tlmes 1n delonlzed dlstllled water. They were then
 r1nsad Lche w1th 95° 1sopr§pyl a?cohol drled and wrapped
fin'f011 7 They were sterlllzed in a hot ‘air oven at ISDOC
Atfor 2z hours;  . | 7 | |

l The sieveslﬁere assembled under lamlnar flﬁw and
raw-éqil was placed in the top unlt.: Tﬁe assembled131eve‘i

“unit was placed on ‘a shaker assembly and allowed to ‘operate
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~for one hour. At the énd of the hour, the assembly was
returned to the laminar rlow area and separated soil
particlee were collected into sterile, pre—labeled screw

top jars.-

igle
truction Rate

An exder1menta1jprog“aﬂ was deswcned'Lo eefabllsh
whetner 5011 particle 51;e has an,effect on tne‘surv1val
Cof mlproblal fiéfa'essociated wifh these particlee.
xﬂevaiues:for verioue Dartieles were determided using a
fractlon negatlve type system.l'w
| Speclal stalnless steel boafs were employed each';_
;of whlch contalned 100 wolls. They were cleaned ‘and washed
- as descplbed earller vor the stalnless steel Dlanchets.

- InleldLal pa“t1cles of a spec1f10731ze,‘were

ilsoleted using a stereoscope (75X) under lamlnar fTow.

fThe partdclesawere sorLed and collected on a sterlle glass
dplate_gnder_uhe stereoscope;_ “One partlcle was aseptlcly o
:frenefebred-to each of Lhe hendred wells on each of twenty
iboats. dfﬁe boats were placad in sterlle glass petrl plates
nd allowed to condltlon in the clean room for 16—20 hours.
 USan a table of rando“ numbers each boat was, a551gned a
_:heatlng tlﬂﬁ and p031Llon on the hot plate. ths‘exnerl~
menL-was aet -up u51ng Féur boats for each heatlng time

interval and fou“ heaulng tlmes. Four boats were used as

unheated eontrols and represented the original population
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(Ng? . Scheduiés were prepared similar to those mentioﬁed
earlier wifh the bbat—planchet‘system.
: At'tﬁé>§nd of the conditioning period the boats
Qefe heated as schaduled. Immediately upon the completion
or each he ng t*me,‘tbe desvgnaLea boat was remo»ed from
miuhe hOL plate an 4 1 écéd on & COOlln plate for at least‘f;
flve mlwutes AlW-heatlna times weré«corpleted be“ore
prdceéSLng was_begun..:;‘ i,f_f T-;H:f” o f*..‘?}
For proc9551ng, each well éontalnlnc a 5011--

partlcle was Llll@d w1th melted TSA malntalned at H5°C.
After all wells were fllled the boaLs were placed |

back 1nto sterlle pre 1abeled glass petrl plates and

were 1ncubated at 7°C for 2 3 weeks.w

| : They were'examlned dally, aftmr the thlrd day,
‘for growth 1n tne wells. The total number of p081tlve
. wells in each boat was détarnlned _-The average number f
*f;f ﬁosm;lve wells per boat at each tlme 1nterval was .
plotted agalnst the heatlng tlme in mlnutes.; |

) Heatlng temneratures for thls experlment wére

llOOC and 125°C iemperature monltorlng was done as

Z‘descrlbed for the boat planchet system



CHAPTER IV
: RESULTS

= Populatloﬁ studies

The populatlon dlstrlbutlon ef orﬂanlsme capable';

:of growth at ?OC from areas assoelated w1th the Vlklng
spacecraft is one of Lhe primary objectlvee of thls study-
To determlne the. populatlon dlstrlbutlon, soil samples |
:were obtalned from the manufacture area 1n Denver, Colorado"
‘l(M) and from the assembly area in Cape Kennedy, Florlda (K)
These oroanlsme were lsolated aewoblcally and anaeroblcally
;on TSA and . M]CODhll Agar w1th the results of theee,counte
‘ipreeented in Table 4 (p 53) These are baeed on counts ::'
iffron dupllcate elates.‘ No organlsms were 1solated anaefe—

_blcally on Mycophll Agar : The recorded temperature durlag
”fthe 1ncubatlon perlod Was - 7 2°C Durlnv perlode when the |
arlncubator was not opened the temperature stablllzed at

:650. As can be seen, the total counts Irem the manufacture
feaféa'c3.9 X 105 L 9. 1 X 106) appeaved to be approylmately o
-etwo 1oge nlcher than those from tne assembly area
" (5. 6 X 103 ~ l 5 X 10 5y, A comearlson of the dlstrleut;on-J:
’Zof ﬂa]or types of lsolaeed orcanlsms (aeroblc, anaeroblc,
and fungl) also appears in Table 4 (p.53). In all but cne

"sample (K-H}, aeroblc counts were the hthEP ranglng

from 18.6% in K-H to 97.7% in H-l. Sample XK-H contalned



TABLE 4

TOTAL COUNTS AHD COUNTS OF FUNGI AND. AEROBIC AND
AEROBIC BACTERIA ISOLATED FROM SOIL SAMPLES

ASSOCTATED

YT LT
(hIlsi .LHE

VIKING SPACECRATFT*

53

SAMPLE  TOTAL

AEROBIC ~ ANAEROBIC - FUNGI &
Sl 1.7ux10® S 1.07x108 2. 7x104 S 1. 3x10%
L o en.mE (1.8) (0.7)
M-2 3.94x10% 3. 5x310°  4.,u4x10% 4, 5%102
- (88.8) (11.1) (0.1)
M-3 9.10x108  7.7x10%  3.ox10% 1.4x108
- - (84.6) (0.03) (15.4)
K-1 6.04x10%  4.8x10°  9.6x10° 2.8x10°
| (79.5) (15.9) (4.6)
K-2 - 8.18x10% - 5.1x10% 2.8%x10% 2.8%103
- - (62.3) (34.2) (3.5)
- X-3 1.60x10%  1.3x10%  2.1x203 - 1.ux103
S (78.1) (23.1) . (8.8)
K-4 - 3.60x10%  6.7x10° = 2.ux1o" 5.3x103
T (1BUB) (66.7) 4.7y -
K-5 . 2,73x10%  2.3x10% [3.9x103 4,1x102
. SR (84.2) (14.3) - (1.5)
T K-6 S1.02x105  g.uxio% o m,ix10d 3.7x103
S __(92.2) (4.1) (3.7)
- K=7 1.89x10%  1.3x10% 1.7x10°% 4.1x10°
i L. (89.3) (9.0) L (21.7)
" K-8 7.14x10% 6.5x103 2.5%102 ' 3.9x102
o (81.0)  (3.5) (5.5)
" K-9 5.64%10%  4.2x107 4.5%102 9.9x102
' S (74.0) (8.0) ~(18.0)
K-10 - - 2.45x10%  1.9x104 - 2.2x103 3.3%x103
R - (77.8) (3.0) (13.4)
K-11  :8.38x103  6.1x103 1.9x103 3.8x102.
Lt e T (73,0) o (23.0) (4.0)
“K-12 - 1.47x10° . -1.4x105  6.9x105 2.3x102

'*Céilsfgm of soil”

# % of total

(95.1) -

(4.7)

(0.2)
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a higher parcentage of anaerobesr(66.7%). The anaerdbic'
counts were higher than the fungal counts in ten of the
fifteen samples. The anaerobes compriseé from less than

1% in M-3 to 56'.7% in X-&, and the fungi, from 0.1% in
J*«@?tozl?“ in K-b. a | i
| | Attempts to 1Solate FhOtOtﬂODhlc and autotrophlc
"dféenisﬁs w_f*eeu'| ed 1n only & few blue-green algae L ILA_
euglen01da, dlatoms, and green algae. These were isolated

fPOm only flve of the samples and are shown in Table 5(0 55).

_ATentatlve 1dent1flcat10n for most of the 1solates are glven.

?eOn prlmary 1solatlon, several samales anpeared to exhlblt

‘Vgrowth of varlous types of bacterla in small populatlons
-1n the chenlcally deflned medla for lsOWatlon of auto-‘
a‘trophle bacterla. Upon subsequent attenpes at subculfuelng-'
7fthese in fresh meela, none were able to grow Perhaps they_,
f'had been obtalnlng nuurlents and energy from the small
;ﬁamounts of 5011 added to tHe 1n1t1al tubas upon 1nocu1aflone
;:and could ne% drow on suﬁculture; Because these organlsms'
rf;comprlsed such a small portlon of the toLal populatlon,
fkthey are the least llkely to grow in the Warelan env1ron—-
”ment (23) and least 11kely to surv1ve sterlllzlng tempera~
fétures, 1t was dEC‘Ced noL to 1nclude tHese in the remalnlng

' elnvestlgatlon, therefore, only tentatlve 1dent1flcatlon 1s

glven-for-them. "

Temnerature Studlﬂs‘

It is recognlzed that there are various deflnltlons

of csychﬂophl ic organisms 615;45,68,59,78). It is not



TABLE 5

‘uﬂf PHOTOTROPHIC ORGAVISMS ISOLATBD FROM SOTL SAMPLES ASSOCIATED WITH
T : THE VIKING SPACECRAFT (Tentatlve 1dentlflcatlon) S

- | o "~ SAMPLE s

TYPE OF . . o T i
o UM=LK K=2 K-6 K-7
MEDIUM . e o T o

Blue~green .- Unicellular :  Euglenoid + - ' Biflagellate, . --

algal ., .7 (Chroococecus) : - Unicellular Unicellular '
medium RS : i+ .. (Chroococcus) . with large

R ‘ : A chlorcplast :

‘(Chlamydomonas)

Green - -~ ' Masses of "Euglenoid +  Euglenoid + Long, - . Long,
algal = - .. - long chains - Unicellular Unicellular 'fllamentous filamentous
medium - 7 . of irregular (Chlorella) (Chlorella) alga alga
S - cells - : + : : ' (Ulothrlx) (Ulothrix)

- “branched _
q'filaments . . diatoms

No autotrophlc organlsms showed growth on uubculture
_Photo+roph were not isolated from samples which- have been omltted
Photosynthetlc bacteria were not lsolated

SS9
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the purposé of this investigation, however, to answerltﬁis
question., It is important to describe the conditions used
for such a definition as set forth in this investiéatioﬁ.

In order to include as many potﬂntlal pSyChPOphlles as
_pQSH_bl g pr 1nary isolation wa performﬂd at 7°C. Sub~‘
“AsequeﬁL tenoeratare studles lﬁcluded crowth at 3°C 2y0 C,‘-
ffand 320“;‘ Orcan1sms éhow1nd crowth at 3°C in 10 14 days,tﬂ
‘but not at 32°C are deflned in thls pro]ect as obllgate ‘
-.psychrophlles. Many-of these did show growth at QHOC,
and are shown 1n Table 6(p 57). Becauég-some investigators
prefer a more rlgld deflnltlon (78) resulfs alsoAéhow '
7¥the percent of organlsms whlch grow at 3°C but not at thé
ffother two-temperatures.' The results presented in Table B
.(p 57)are glven as the Dﬂrcent of the aeroblc counts fromﬁ_‘
 Table 4 (p 53) As can be seen 1n the second column, 1f a-”‘x
;imore PlUld deflnltlon of psychronhlllc oréanlsﬁs is pre— -
_ ferred the percentages ranae fPOm 0 0% in K- 3 F ll, ana;u
‘iK—lQ to 16 1n K 2 ‘ Accordlng to the deflnltlon of psy— o
 Echroph11eu as used here (growth at 3°C but not at 32°C)
. the PGDUltS range from 2 3ﬁ in K~4 to 56 49 in K- 8, as':
.shown 1n the flnal column - Even thouch the total popula—“-
 ;t1on is hlgher 1n the sampTeb from Denver, the percent of 
Lobllgaue psychropnlles appoaﬂs to be higher in the samples
fron Cape Kennedy ThlS 15 espeCLally true in the group
whlch includes orvanlsms grow1ng at 3°C, but not at ZMOC"
and 32°C._ The results given fqr percent of obligate

'péychPOphiles_fromrthese,soillsampleé may appéar.high,”buf
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- PERCENT OF ORGANISMS ISOLATED AEROBICALLY YROM
THE ORIGINAL SOIL SAMPLES WHICH GREW
AT 3°C BUT NOT AT 32°C

fiiSamp

3 C+

L2 L
;:;32:C_ ;:!: 7

'~ Total -
Obligate

-Psthrophiles

i
| ﬁ—i
A“:M;S'“
=

ke

S 2u,0

8.0

8.1
26,0
120000

..?.9:5-

_ -fﬂ;ll.u-
."iij}ié;z .
EltVAé.l B

S26.00

ﬁaf:ss;ul?f :

{fz;Qéili-f!ﬁj-f:?

X A

21

% +=@Gprowth

-=No

”H* GiV

growth

en in % of aerobic count

in Table 4
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it must be fememoered they are based upon counts Iin which |
the organisms were originally isolated at 7°C.

Beoause‘;sly comparatively low populations of

-fungi were present except for a few samples, and because

"they were demonstrated to be of little problem in areas

grelated to plan tary quarantlne (35) they were not 1nclud—'
fed 1n the remalnder of thls 1nvest1gatlon Temperature.

,studles were not performed on them, although they have been

1dent1fled to genus.

”'IdentificatiOﬁ'

The fungl 1solated were. 1dent1f1ed to genus only -
Wlth the results presented in Table 7 (p 59). The molds
were not ldentlfled to speoles, but lt was observed that

,most genera showed only one or two dlfferent Spe01es, w1th

[the exceptlon ot_Uen1c1111um The yeasts from the manufacm

, ture area were all determlned to be Cryptococcus albldus

7 Those from Cape Kennedy were 1dent1f1ed as C. albldus,

'fCryptococous lau entll, Rhodotorula rubra, or Rhodotorula

;mlnuta.
| ! bfgenlsms 1solated aneeroblcally from tHe‘manuIac— g
;ture (M) and assembly (K).areas were stalned and found to :
';con51st predomlnantly of sporefo“mers ' Those 1solated
sfrom the manufacture area oon51sted of approx1mately 70~ BD°
.spofeformers and 20- 3D° gram p051t1ve non- sporeformlng

rods. Samples from the assembly area (Cape Kennedy)

yielded almost 100% sporeformers. “During further testing,
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Table 7. PERCENT OF DIFFERENT FUNGI WHICH WERE ISOLATED
FROM THE ORIGINAL SOIL SAMPLES AT 7°C ON
MYCOPHIL AGAR -

‘Manufacture Area
. Alt% Cep. Chr Cla Cry Fus Pen Rho Rhi Ulo

M-l 4. U TZih 1.9 4.6 36.9 9.2 <. 4.6 3.1 20.0°

eM=2 - 0.9 de.8 o= 0.9 - mod oo 71748

M3 5.0 - 12.5 -7 0.0 5.0 7.5 - _ - 1g0.b

,}~.-~ '}f-'aﬁzcape Kennedy Area

"thiti ;Asp fChrrf‘C1a Cry ‘Geh Pen Rho ‘Tub Ule

K-—lr :- ' ._ w 10;0 __ - 90.0 - R ...

~K-2 8.1 -~ X i3l.s 2.9 u4.9 8.83.7 - - "

T Ke3 8.7 i~ n2.8 L .i2.2 12,3 29.0 5.1 - =

K-% 2.8 = ° 0.9 .- .11.0 - S4.6 - 80,7

D xes - 741 S wie - 7.5 3.5 - 75,9

DK-6 41.6 .m0 1o 27.8 2.8 15.3 6.9 - 2.8

R O S TR

©UKZ9 C17.4 0 5.0 7.2 02t 31,1 - 72,8 18.8 - -

U K-10 - 18.2- 18.2 - 3.0 18.2 36:4% - = B.1

© K-11 6.6 27.9 8.2 - . 6.6 +Z 26.2 21.3 - . 3.3

I
3%}
wr
L]
w

12 TR g0 S s o amw s

Fusarium
Penicillium
Rhodetorula
Rhizoctonia
Tubercularia
Ulocladium

Alternaria - - - Fus
Aspergillus - - - - Pen
Cephalosporium-. .- Rho
Chrysosporium - -Rhi
Cladosporium © .~ Tub
Cryptococcus - - - - Ulo
Geniculosporium’ T

*ATL
--. Asp
- -.Cep

© Chr
Cla

- Cry
- Gen

[T | N N | N | N £ I
LI N I ¥ N S ¥
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it was determined that nearly all of these were facultative
aercbes belonging to the genus Bacillus. It was also
deterrlned tnnfmﬁhny of the aerobic iscolates were faculta-
rfiye._ dem *hese results it was shown that pepresentafives

“of the organiéms isclate nzarobically would be selected

. CL
fu

frdﬁjtﬁosé isé}a#ed"éérobiéally.\ It was thén £ecided to.
féﬁélﬁde'tﬁéf{%naerébéélffom furtﬁé£ inQéétigation'siﬁée‘
6bligate7§naérobes;were not deﬁonstraﬁed.

The éerobid'baCteria were identified to major

(O

_'generic groups including Micrococcus, Bacillus, Coryne-

ﬁactérium~Brevibae+eﬂium'(C-B) Alcalicenes-Acinetobacter

,(A A) and Flavobacteﬂlum—CvLoDhaﬂa {(r-C). Different

'{1solates w1th1n each major gﬁoup were rccognlzed and’
uTrepreSentatiV§§ 0f:these_haverbgen ;ypghilized. The
L??eﬁults:&f'thésé'détéfminatioﬁs are.presented'iﬁ fable Si
. f'Samples from the manufactuﬂe area appear to éontaln
ﬁiprlmarlly mnmbers of the C B group (389 in M-1 to- 7 6“71n

_fM—3) and meﬂbers of the genus MlC“OCOCCHS, esae01ally sub—-

ifgroup 8 (6% in M 2 to 22°‘1n M- 1) i 0f interest is that
-3these sampl . pear to contaln only low percentages of .~
  aeroblc Sp0ﬁeformers (2 D“lﬂn M 2 and 1.8% in ﬂ 3) In

g“contrast to thls, saﬂples Fron CLDe Kennedy seem to contaln.
iprlnaﬂlly nembers of Lhe genus Bac111us (8% in K 9 to 75°

-ln K- 10) and the C-B group (5/ in K- 5 to 8.6% in K—V),

w1th the exceptlons of K—S whlch conﬁalns'a high pergentagé

| of th° A-A group (70% ) and m—9 whiéh'Containé a high

perc age of ”lC“OCGuQLS deGPOHD 7 (50°)



_ Table. 8. NUMBER' AND PERCENT OF THE MAJOR GROUPS OF ORGANISMS ISOLATED AT
T7T U 7ec FROM SOTL,SAMPLES ASSOCIATED WITH THE VIKING SPACECRAFTH.

Sample Bac, . C<B . A~A“'}fl7FrC'x_A; Mic. = @ Mic. Mic. Yeasts No growth on

DRI S A 8 - EMolds subculture

M-l = 601x10%  2.ux10% Ts.exiot 2.7x10%  s.8x10% 3.7x10% -~ - 6.8xl0"

S - . 7 (36.0) . (14.0) (4,0) - (16,0) © (4.0) (22.0) = (4. 0)

M-2 7.0x10%32.3%105 3. sxlo% . . - 0 a,sxio%  7.0x10% 2.1xa0% i . 1.uxiof
| -~ (2.0) . (66.0). - (10.0) - - - (10.0) (2.0) . (6.0) = - (4.0)

v-3  L.ux10® s.ux108 o0 wi2xa0® o 20T slexaot 1.6x106 1.ux10% -

"(1.8) - (69.8) - =" - (5,5) - (0.9) (20.2)  (1.8) -

‘-1 l.oxio® 1.3x107 @vex102) 1.9x108 0 - 1.9x10° - .g.6%x10%  1.9x10%
(10.0) (28.0)  (2.0)  (4.0) - (u.0) - 8.0 (.0)

S k-2 l.exlob 1.3x10% 3.1x10% 2.0x10° - o 1010’ 1ioxa0 _

(38.0) (48.0) - (6.,0) (4.0) - - (2.0) (2.0) -

CK-3 8.5x10% 4.8x10% 9.1x10r 1.2x103 0 - 3.9x%L0? - . 2.9%102

(50.1) (35.1) (0.7) (8.9) - (3.0 - . (2.

CX-ho 2.6%10°0 2.7%10% 3.6x10% 2

2.6x102 - - 1.0x102 - 2.8x102  2.0x102
(29.1) (43.5)  (5.3) -(3.8) (1.5) ~ (3.8) (3.0)
K-5  3.5%10°

1.2x103 L.exio 2. 2.3x10° - - ' -
(15.0) (5,0) " (70.0) = == - R

(10.0) -

 (continued)

9



Table 8. (continued) .. - -

Sample“ Bac. ..~ C-B f  A-A . CFC — Mie., Mic. Mic;.Yeasts No growth on

# :}':-” T 8 EMolds subculture
K-6  1.2x10%  3.8x10% o 2.2x10% 3.1x10% 1.1x10% o . -
(12,5 (40.9) . - (2.3) ' (83.0)  (11.3) - -
‘ C o . o i
K-7  1.4x10%  1.1x10% e.ixior - - o 3.8x10?2 .. o oL
| (10.7) (85.7) . (0.7) R R - N - .
K-8 1.3x10°  2.ex30° s.5x102 ce,1xicl o S - o
(19.6)  (45.1) (25.5) _ {8.4) - =~ o 4 - -
K-9  3.5x10% . 1.ixied . - 3.5x102° - 2.1x10° - g.ex10t 1.8x102
(8.4) -~ (27.0) . - (8.3) - .~ - (50.0) - (2.1) (4.2)
k-10 1.ux10"  u.1x10% 9.sx10t  9.sx10t - 2.1x10%2 2.1x%102 9.5x10t
(76.8) ° (21.8)  (0.5) (0.5) - (1.1)  (1.1)  (0.5)
K-11 3.1x10%  1.7x30% 1.9x102 3.8x10% . - - 4.7x102  9.8x10% 1.9x10% -
' (50.7) (27.6) (3.1) - (6.2) - (7.7) (1.6) - {3.1) -
K-12 2.8x10%  1.2%10% "9.8x102 5,8x10% - - - - -

I

(12.0) . (83.3) (0.7)  (4.0)

*Cells/gm soil -~ =«
#Bac. Bacillus - o : ‘ .
C-B Corynebacterium-Brevibacterium’
A=A Alcaligenes~Acinetobacter
r-C Flavobacterium-Cytophaga
Mic. Micrococcus ‘

1

nu ot n

&9
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Table 8(p,61)‘also includes the number of organiems
in each group per gram of soil from the various samples.
One interesting result seen in this table 1s that the
actual number of bacilli per gram of soil is similar when
‘;the benvepreamplee are compared teo the Kennedylsamples.
| Even t}feucrh the pefcéntaaé’c;f bae:illi in the a‘emﬁbic -
;populatlon of the Denver samples is qulte low, M 3 con-.
talns the lapgest populatlon of aeroblc sporeformers

(1.4 X 10° eells/gm soil).

.fDistributiOn.of Obligate Psycﬁrophiles
.i'Eaeed'upon the temperature studiee and distri—i
A:butlon,.the percent and number of obllgate psychrophiles
7 (groth at 3°C but not at 32°C) w1th;n each group were'
L“determlned and are ppeqented in Table 9(p.64). The
d;majorlty of psychrophlles from the manufacLure area beloug

 ipleaPlly to the C- B group (5% in M-2 to 10% in M 1) or

jpto Mlcrococcus subgroup 8 (2ﬁ in M- 2 to 8% ln M-1). Of'
‘ithe organlsms 1solated from thls area, onTy 2 0% proued tof»
;fbe gram negatlve rods Samples fPOm uape Kennedy conta1n~
:ped a more diverse populetlon but the majorlty of obllgate
; psychroph1les from these samples were also elther gramw

ﬂ;p031t1ve rods or gram—p051t1ve cocei. Sample K l contaln—
?ied a large percent (18% ) of psychPOphlllc funfl in its

:populatlon 1solated aeroblcdlly on TSA, and samples’ K-8

'ﬂand‘K—H had a fairly -high population of gram-negative rods
(16.9% end'8.3%, respeetively);' No opligete psychPOphilic

bacilii were isolated'from'fhe Denver samples, but 10 of



 Tab1e 9.

© NUMBER AND PERCENT OF OBLIGATE PSYCHROPHILES IN THE MAJOR GROUPS OF

| ORGANISMS ISOLATED AT 7°C FROM SOIL SAMPLES ASSOCIATED WITH THE
* VIKING SPACECRAFT
. Sample ot olm L — Mic. Mic. K Yeasts

Sampie Bac.o.ih.. G- HA e 7, 8. ' glolds  -orat
M-l g 1:.7x10°" g s.uxlo* 1.ox10%. o L.uxac® o - i, ux10®
L L (10.0) (2.0). . ' (8.0) (26.0)
L M-2 oe. 1 t2.1x10t g ~ 0 7.0x10°° . - 2.8x10"

' L (B.0) -~ (2.0): (8.0)
-3 0 6.3x10° - 0 0 3.5%10° 0 9.8x10°
> o (8.2) " (4.6) . (12.8)
K-l  2.9x10° 7 1.9x10° "9.6x10%2 9.6x102 1.9x%10 - g.6x10% 1.7x10"

. (6.0) (3.0) . (2,0). (2.0 (4.0) (18.0) _ (36.0)
TK-2 . 6.1x10°  u.1x10° 2.0x103 2.0x10% o - 0 0 1.4%10"
(12.0) (8.0) {4.0) {(4.0) ' (28.0)
k-3 9.8x10%  1,8xa0? 0 0 o 9,1x10 - - 1.2%10°

- (7.4) (1.4) | : (0.7) (9.5)
“K-4 O 1.5%10 0 0 0 0 - o 1.5%10°

. (2.3) o (2.3)
. K-5 0 S 1.0%103 - 0 - - 1,9x10°

(8.3) - (8.3)

'(continﬁéd)

h9



_Table;

- Mie.

g, '(céntihued) ﬁi;‘fuﬂf. :;‘ :
. + R _ ~'?_‘ : N Mic. Mie. Mic. Yeasts
Sample Bac. .C~B. ‘,‘f'A’Aﬂuf.., F“F.‘ 1 7 8 EMolds Total
k-6 3.2x10% 7 g.ex10d | - C 0 C2.2x10° 2.2x108 = - 1.7x10%
‘ (3.4) (10.2) ‘ (2.3) © (2.3) - (18.2)
k-7 . 3.7x102 - 2.1x10% o - - 0 - - 2.5%10°
o ‘ (2.9) - (16.4) . : ' (19.3)
K-8 5.5x10% 1.7x10% 1.1x10%  2.7x10% o - - - 3.,6x103
. . {B8.5) (26.8) . (16.9) - (4.) (56.4)
X-9 0 3.5x10% - Cg.exlot - 5.1%102 - - 8.8x10% 1.1x10%
o (8.3) - (2.1) (14.6) '(2.13_ (27.1)
K-10  u.2x10% © 2.1x10%. . o 0 - 0 0 e.sx0l y.sx103
(22.1) (1.1} ‘ ' : (0.5) (23.7)
K-11  7.0x10%2  4.2x102 0 2.3x10°% - 2.3x102  9.8x10% 0 1.7x10%
(11.5) (6.9) (3.8) (3.8) (1.6) (27.86)
K-12  9.8x10%  9.8x10%  9.8x102 o - - - - 2.9%102
' (0.7) {0.7) (c.7) (2.1)
-:°Cells/gm of soil
#This type was not isclated orlglnally : o o
- @This type was isolated orlglnally, ‘but none was psychrophilic,
+Bac. = Bacillus o o
C-B = Corynebacterlum Brev1bacter1um
- A-A = Alcaligenes-Acinetobacter
r-Cc = Flavobacterlum—Cytophaga -
= Micrococcus

g9
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TABLE 10

MEAN NUMBER AND PERCENT OF THE MAJOR GROUPS OF ORGANISMS
AND OBLIGATE PSYCHROPHILES FOR ALL SAMPLES FROM THE .
MANUFACTURE AND ASSEMBLY AREAS OF THE VIKING SPACECRAFT

* Mean No.Psy.  Mean No. Mean No. Psy.
(Mean% Psy ) (Mean %) (Mean % Psy.)

f'Méan Ho;
(Mean %)

 Bac. . gxlo” - ce.ax10d 1.7x10°)
- (1.5) » (26.1) (4.7)
¢-B “2.ax10® 2,7x108 1.8x10® 1.8x10°
A=A 9,1x10" - 2.0x10°  5.7x10°
L e . (0.3) (1.8)
PG C1.ex10% 0 1.1xie* T 1.2x10° 2.8x10°
- .00 6. - G. o (0.8)
Mie.1 ' . 1.ox10% - z.uxio® 2.6x10° . 1.8x102
T T, T Tl els)
Mic,7 = k.8x1o0% Cow Y ausx10® wlexio?
i eI N L (4.3) - (1.2)
e s - 2 R
Mic.§  6.5%10°. . 1,7x10° 1.1x10 -
. 0Ly L (0.3) - -
RSOy S S 2 ronn?
" Fungi % 4.6%10 . R S8, 2x%107 0 7.1x10 .
& T T C(2.w) TR (2.0
Ne gredEh (2.7x100 - 2,1x102 -
~ oft sub=  (0.8) - © (0.86) -
© eulturs g ‘
SRR a'f" : S .
TOTALS & 3.3x10 4. 9x%10' 3.5%10 5.6%10
T (100.0) (14.8) . (100.0)- (15.9)
i _ _

- HCells per gm of soil

@Bae. s.Bacillus .
C=B . & Corynebacterlum~Brev1bacter1um
A=A E.Alcaligenes-Acinetobacter

CF=C  ®S FlavobaCLeﬂlun-CytOPhaca

Mie. # Micrococcus
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the 12 samples from Cape Kennedy contained members of this
genus which grew at 3°C, but not at 32°C {8% in K-5 and
K-11 to 22% indg—lo). The total‘psychrophilic counts for
the Kennedy samples were quite low, ranging from 150 cells/_

: gm of soil (X-%) to 6,100 cells/gm of 501l (K—Z).‘

" Means for sample Aveas
'3*Thé'meanélfor the {hree sam?le_éiies of‘the_
- manufacture area and the twelve Sites féoﬁ the assembly f
;afea éfe présenﬁed in Table 10(§~35). This table provides_ 
a re§rés§ntéfi0h of.the aerobic populatiom distfibutidn
for the'fwé_méjof aréés-asSQciated with the Vikihg spéée;'
:: créftV ‘It.iﬁ&icateé that.apéfoximately'lﬁ 8% (4. Q—Xl_ |
t105 éells/ gm soil) of the aerohlc populaalon orlwlnally
; ‘1solated at 7°C from the manufacture area consxsts of
“;obllgately Dsychronhlllc orsanlsms. Of this poPulatlon,:  E
'::14 5 con81sts 0¢roram—pos“tlve rods or coc01, .none of -4
jwhlchrwere sporeFormers. It also 1ndlcates that apprOXl—-:
}anately 15, 9° (5 9 X 103 cells/am so;l) ‘are aerobic spore¥
) ~formeps.j lhe remawnlng populatlons were gram—negatlve

...~ .Dry Heat Studies of
© 7 ".Psychrophilic Spores.

- If has been demonstrated that'psyﬁhrophilic spbfe—
forwers are Dresent in the Cape Kepnedy 50115 from areas
A‘whlch w111 be used for assenbly of the Viklng sPacecraft.

Many of these 1solates falled to grov at 32°C on. prlmary
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isolation, and it was felt that these may have been 1argely
excluded from the present microbial monitoring systems
employed by NASA. For this reason, it was felt that dry-
heat studles should be performed on representatlve psychro-
phlllc sporeformers isolated during these 1nvest1gatlons
'tTne organlsms selected for thlS lnvestlgatlon possessed
d}characterlstlcs whlch would cause them to be of 1nterest
to planetary quarantlne research. They are sporeformers,
-:they are capable of growth at low temperatures, they are
facultatlve aerobes, and they have demonstrated the ablllty
~ to grow in-a slmulated Martlan env1ronment.

The experlmertal runs of thls present experlment
”thave prlmarlly been to explore the scope 'of the problem of
'Jsurv1va1 of psychrophlllc spores; The objectlve of thlSl
:{study was to make a prellnlnary survey of the surv1val cf:
fithose psychrophlllc organlsms 1solated from,the 5011
ﬁfsamples obtalned from the assembly areas of the Vlklng
ilsPacecraft.A The experlmental COHdlthDS used durlng thls;
Flnvestlgatlon were llDQC and 125°C at a. relatlve humldltyiw
:of 50%
The results of thls llmlted anvestlgatlon.seem to
_’deeonstrate a falrly low re51stance to dry heat by the =
‘3se1ected spores._ Diid—values raﬂge from 7.54 mlnutes |
t (K 3~ 27) to 122. u5 mlnutes (K-12-33) whlle the Dlzs—values
‘range from less than 1 mlnute (K 3-27 and K-11-123) to -
9.78 mlnutes (K-3- 110) It appears the surv1va1 of those

spores selected and tested are affected rapldly by
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dry-heat at 110°C and even more rapldly by dry- heat at
125°C. The results are summarized in Table 21 (p 83) The
D—values and y—lntercepts of the regression lines, the 95%
confidence interval for‘each, and the intercept rafio (IR}
where IR equals log Y /logNO, are recorded in fhe‘oata
-table The IR 1s a. gross measure of the shape of the _
survivor curve durlng the 1n1t1al portlon of the heat
.treatment. If the IR value is greater than 1.0 the curve
will Be concave downwards (the curve may be thought to have 
-a shoﬁider). if the IR vaiue is less than 1.0 the inifiel .
?ortion of'the curve is concave.upwards. The IR value is
-used to help characterlze the surV1vor curve and to test if
the line is llnear An IR value of 1.0 de51gnates a*-r
lllnear llne._ :

| Results and comperlson of the Dllo—values ofrthe_t 
.fiffeen spore suspensions are summarlzed in Table 21
'whlle typlcal survivor curves are shown in Flgures 5@)?3)
760, 75) and lSQJSl) It is obv1ous that regardless of
fWthh suspen51on was used the dry—heat exposure resulted
Lln a-s1gn1flcant1y lower (about a four fold reductlon)
;number of surv1vors : The survivor curve for Spore K—2—38
;i(Flg 5) and K 12 33 (Flg 7) bofh show a fairly rapid l."
‘€populatlon droo followed by a longer perlod of slower
_populatlonsdecllne. .Eechrshows IR values of less than 1.05
feﬁieh-woﬁid:follow from-therdefinition'of the Intercepf |
ﬁatio-' As can be seen by Table 21, seven of the fifteen

samples show IR values of less than 1 O. Qf_these,
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sporenK;3-27 shows a much lower IR.value deuotingﬁa fairly
pronounced pdpulation_decreasé at the beginning of the |
heating period—followed by a longer slower population
é;crease. AThe Dllo—value of spore K-3-27 is 11.30 minutes.

hemsuwv1vor cuw@e suown in Flcura 13 fer suore K- 3 2? .

‘__.r—]'

uu%é shou-tnlsf ev1aulon From lln@arlty‘as predlCth by
lfﬁérl _value i THG Other spores when heaLed at’ llU°C.
shbwéd IR values.ol greaLer than l;D, or had a 1onéer =
1n1tlal population decrease folloued by a more rapld
population decrease.. As seen. by the IR values in Table 21,
none of these suPV1vor curves have very pronounced '7
shoulders.; The IR values range from a low of 1. 022 tora
'hlgh of l 042 denotﬂng a falrly llnear reéponse by the:
}remalnlng ‘seven spore susoenblons Table 1l(p 73) 13 (p 75)
;and 13 (p 8l)are tyu1cal cata arra?s used for analy51o,and
constructlon of surv1vor hurﬁ;es As can be seon,'thé‘ '
fY—nean, the standard dev1atlon (8.D. ) the upper uoufldeuce
ilnterval (U C I )_'and the lower confldence 1nterval {L-C. I).
;are leen for each tlme 1nterval'_ FOP eachusuruluur curve:
fp01nt to p01nt D values a“e also calculated 'Thlé'ié done -
lto help analyze the curves ard the total reactlon of the
isporeo to the heat syste; ' The p01nt to p01nt D values
?can also glve.an 1ndlcatlon of the shamn of the survivor
%curvé. In Table- 13 (p- 75)the pOLnt to polnt D- values
llndlcated that the lnltlal heaulnc pericd for Spore K- 12 33
produced a'DllO—value of 54,08 minutes with the next three |

-

heating pa ods Drouuc1n~ larger and increasing D -values
=) < A < llD 2
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from 113.15 minutes to 146.87 minutes, indicating a decrease
in the slope of the line or a slowing down of the spbre
'déath rate, followed again by a decrease iﬁ the Dllo—values.
The'point to point D—values can also show any "tailing"
’;éffeéf as demonstraued by spore K-12- 33 (Flg. 7);' The
fﬁlast tlme lnterval for spore K- 12 33 has a Dllo—value of -
165.15 mlnutes.‘ ThlS value is much greafer than the .
earlier values, which indicates a lingering spore popula-
~tion. . It woﬁid appeap from”this that in éstablishing‘an
‘D—valué_for éipartiéular spore, care must be taken to
finclude.thisfeéiStant lingeriﬁg poPulatibn to oyércome'
 any "talllng effects that may be present. . s
l Results and comparlson of the Dl25 vélues afe“

Afalso shown 1n Table 21 (p 83) Typlcal survivor curves

_ﬂat 125°C dre shown 1n Flgures g (p 54) and 1l(p 73)
T;Dlgs-values range frOm less than l mlnute, for spores

fK—S 27 and K ll~l23 to 9 78 mlnutes, for spore K 3 llD
_:D—Values and other data for spores K- 3 27 and Kmll 123 are.é--
,fnot glven (Table 21) due to the dlfflculty of runnlng
:;D—values of less than 1 mlnute and because it was felt '
i;that due to the extreﬁely lcw res1stance of the spores
'1fgrther-rerunsmand testsrwere;ngL.necessary. The IR'vaiueé
“range fbom10;833'foAi1102 f“IﬁﬂFié"9 the survivor curve
_fbr‘SPOfé K—3;110 1appears to be ‘concave upwards and should
'-have an I? value of less than 1. 0. Arrom Table 21 1t 1s

seen that onre K-3- 110 does have an IR value of less than

1.0 (0 925) | Flﬁurell the qurVLvor curve for spore K 2 38,

- -
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shows a survivor eurve which is concave downward end should
have an IR value greater than 1.0. 1In Table 21, an IR
value of 1. oui'{é shown for spore K-2-38. Tables 15 (ﬁ 77)
~and 17 (p.79) give the yumean, standard deviation, upper |

and lo;er confldence 1ntervals, and p01nt to p01nt bh- values
}efor spores K-3= llU and K-2- 38.  fﬂ¥H'!ff~ff*f%efv*ﬁ "’“ -
i Arter the surv1vor curveslwere-obtelned and g
ranalyzed a recressienrllne was calculated. Flgures 6
(p.Tw), 8 (p 76) lﬁ'(p 78)' lé_(p 80), and 14 (p.82) shows
 typ1cal regre551on lines at. 1lO°C and 125°C., The finai
'.regPESSlOH llnes are computed and ‘drawn by the Blomedlcal
computer. The regress1on line lS calculated usmng all time

0. 0
D~ values (the negatlve inverse of the slope) and the -

‘1ntervals except T  or N . From the regre551on 11ne, the A

. 1ntercept (¢ o) can now be obtalned Tables 12 (p 7#) 1uj‘f.
,:(p 76) 16 (p. ?85; 18 (p 80), and 20 (p.82) show summaryefi
.Hstatlstlcs that can be obtelned from the regresalon 1lne. |
“ The flnal D value for a spe01f1c spore at a spec1flc tempe - 
5 ereture 15 taken from the regre551on 1lﬁe H‘,rv, |
SN Tables 15 16, 17, 18, and Flgures 9, 10, '1'1,‘lan'd_'
el? are exampleb of typlcal data obtalned from experlmental—
runs at 125°C while Tables 11 12J313,_1H, 19, 20 and
Flgures 5 é, 7;”5,,13, and 14 are examples of typlcal o
data obtalned‘from ekperlmenLal runs at llO?C.‘ |

Effect of Particle Size
- On_the Dry-Heat Destruction Rate

The resulté of these experiments showed a trend
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Table 115 Survivor curve data with D~values'calculated
' from adjacent periods for Spore K-2-38
when heated at 110°C

" Time(iin.) Y-mean | 'S.D. - U-C.I.  L-C.I. - D-value

S0 T 40492 "0.019. - 4.571 4.u12 12.51
S22 4,331 0 0,03y N, 477 4,186 . 15.53
5 7 4,138  0.03% 14,285 3.992 . 9.22,
10 3,596 0.013 3.653  3.539 7.58
S 15 2,937 0.030 3.067 - 2.807 14.38

30 ©1.930  0.056 ©2.188 1.672

Data point
~with C.I. .7

T Leg 10) e
_Estimated’ Number: Survivors : .

-0 -‘l _1...-1-.- — T - . - '
wc0 50100 15 20 25 . 30" 35. 40 45 50° .
o Treatment Time (Minutes) L

vf-,figﬁré'S:"Surﬁivof Curve fbf-époré'K~2—38 when‘ﬁéaféd-
S TR S ae 1100C Lo
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Table 12: Summiry Statistic for Regression Line Obtained
' from K-2-38 when heated at 110°C

Summary Statistics '~ 95% Confidence Limits
* Value _ ~ Lower Upper

wDevalue - 11.362% - . . 10.4370 . 12.4678
“Slope .  .-0.0880 - . - -0,0958  -0.0802
Intercept W.4780 -~ o 4,354 4.6015

L 560~
w.90-] 5 . . e Y Intercept

5,502
- 2.80~

2.10-]

(Log 10)

;1}40— L

- 0.70-

05 10 15 20 25 30 35 40 45 S0

F:Bstimafed‘NumbéﬁTSurViﬁdrslf‘5j7 AT

‘Figure 6: ‘Regression Line for Spore K~2-38 when heated
| at 110°C - . - |
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-

Table 13: Survivor curve data with D-values calculated
‘ from adjacent pericds for spore K-12-33
when heated at 110°C

Time{Min.) Y-mean 3$.D.(Y-mean) U-C.I. L~C.YI. D-value

R I
300 .

4.9 .810 .. 54.08
o ceo kL3
T A T
3.8
3.6

.985 .. 113.15

..0.022 . .- 5.002

o 0,085 0 0 4,717
. 0.028 . n4.206 :

: 0.035 '3.992 .689  1u46.87

120 . . Q0.010 © 3.681 .593  136.93

- 150 - 3.417 - 0.036 . 3.571 .26 - 76,15
180 - -3.,028 - - 0,018 3.102 2.945 164.15

80 .

WL W W W

JeB7 T 122.33

240 .~ 2.B59" - 0.016 12,728 2.590"

5.60- '4;_ﬂﬂ;f¢f'

yo90-fN - - .. . ¥ pata point
N e e yith es% CLTL

:'.‘1’.720'— o CL

3,50~

2.80~-

(Log 10) % -

-1.4%0~

”Estimafed;Nﬁmber‘SﬁrVivbré‘fg&xfj.j';

0.70- ’

) ;" U : r - ¥ 1- L] : - 7 T - T — T —
..-08..36.. 60 - 90 120 150 1806 - 216 240 270 300
e -TreatmenL ilmﬂ (Mlnutes) e :

'“T;Figﬁre 7: Surv1vor Curve for Spora K- 12 33 when heated
" ' at llG°C : : '
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- Table 14: Summary Statistics for Regreséion Line Obtained
' ' from Spore K-12-233 when heated at 110°C

L 8ummary Statisties ¢ 0 77 95% Confidence Limits
. - Value , . Lower o Upper
© Devalue - 122.4500 - 115.1603 . 130.7329
Slope -0.0082 ~0.0087 - -0.0078 ‘
Intercent 34,5890 : 4.5155 ,6615

 5.60-
4. 90- ‘.-.‘fig'iTfgf"’I*ii j$‘,@—Y;Intérce§t ’
- | B o a-({X,Y) mean -

,4-2Dfﬁ.
3.50-

2,80~

l(Log_lU)‘ $

T

131.40?

;Estiméfed Numbéf*Sufvivoréj.ffl’fj

;.0.70L

"; U -1 .' . T LT T T T “ v T l ¥ ¥
g -3¢ B0 90 120 150 180 210 240 270 300
i .Treatment Time (Minutes) - . . . = .

'§: Regression Line for spore K-12-33 when heated

 Figure
T at 1leec
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Table 15: Survivor curve data with D-values calculated
from adjacent periocds for spore K-3-110
when heated at 125°C

Time(Min.) Y-Mean S.D.(Y-Mean) U-C.I. L-C,I. D-value

0 . 5,880 0.01%59 5.958 5.822

S .6 .. 5,093 . . 0.0471 . 5,301 4.896 g-gg
“yg T 40387 07 ¢ 0,0033 h.40L  4.373 2 6o
ST15 T 43,812 . vw 0.0084. - 3.826. 8,787 Ut -
20 73,408 . 0.0600 . . 3,661  3.1L5 S ax
25 - 2,722 7 0.0349  2.873  2.572 21 80
30 2.493 0.042% 2,676  2.311 b
35 1.954 0.0512  2.175 1.73% .
o 8.30-]
T 5.80-] Data point
B -+ with C.I..
9 1.90- ST T
o’ L
- DR
-
7 3,50
Q .
(1] .
85 2.80-
= L I
By 2.10-
52 1.0
£ a1.u0-
E g
-3 0.70-
W .
m -0

051015 20 25 30 35 40 45 50. .

 ;Treafment Time (Minutes)

Figure 9: Survivor Curve for Spore K- 3 110 when
: : heated at 125°C
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Table 16: Summary Statistics for Regression Line obtained
from Spore K-3-110 when heated at 125°C

R cH

Summary Statistics _ 95% Confidence Limits
*  Value : Lower - Upper

.~ D-value _ 9.7830 . .. -  9.2410  10.3900
;- 8lope . - -0.1022 . . 77, -0.1082  ..0 -0.0962
Intercept 5.4540 @ ... ... 05,3200 ..o .. 5.5890

7_”5,3cf Al"g R D \
S oS el @ Y Intercept '
'5.60-6 L e A (X,Y) Mean -

4,90~

Cy.p0-
3.50=
2.80-

2,10

(Log 100

2;1711.40-—_‘ -

Estimated Number Survivers ' -

‘72¢g‘ohisl';o_ 15. 20 25 30. 38 ,uo_-us_ s0

"“T?T Treatment Tlme (MlnuteS)

Flgure 10 Regre551on Line for Snore K .3- 110 when o
Heated at 125°C - : . :
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U

Table 17: Surv1vor curve data dlth D~ values calculated
from adjacent periods for spore K-2-38
when heated at 125°C

- Time(Min) Y-Mean “ S8.D.(Y¥-mean) U-C.I. L-C.I.  D-value

T00 T Tu.ug7e  p.01859 C 4.5679 L4.4079 :
2 ..3.5771  0,01736  3.6518 3.5024  2.20
5 °1.,9353 0.05323  2.1643 1.7082 1.83

5600
.fu}gg; . ;-3f?f ;i1'ﬁ1;;;i .'Data points
B S e ~with C.I.
Foy,20-T L

73..“ 50 -1

2.80- oo

“(Log 10) .

ErIST = B

f;Estimated'Number,Sur§i§ors

“ .,,,_A.'\-Jk..';D:-- o

08172 34 5.6 7 8 9 10

:ﬁfTreatmént-Timél(Minutes)“_;

i'Figﬁféili Surv1vor Curve for Soore K 2 38 when g
' heated at lZSQC , S : a
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Table 18: Summary Statistics for Regression Line’
: Obtained from Spore K-2-38 when heated
at 125°C : i

Summary Statistics © 95% Confldence lelts
: % Value A Lowver ‘ Upper

" D-value  1.8270 . 1.6690 . 2.,0180
. 8lope . =-0.5473 .0 ~0,5991 . - ~0.4955 . ¢
. Intercept 4.B720° > 7.0 T4 uiho - 7T 8690

SRR oo o we @Y Intercept
s ke90-p e BL(XL,Y) Mean
4‘7&:20~ T S R

’T}la 50—
“512 30— -

"”Lffz 10-

i001 2.3 4 5 6.7 8 9 10 -

n-{LfTreatment-Timé {(Minutes)

Flgure 12 Reﬂre551on Llne for Spore K 2 38 when :  ]ff‘ :;7
Heated dt ,125°(C - L ST e T
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Table 19: Survivor Curve Data with D-values Calculated
- from Adjacent Periods for Spore K-3-27 when
Heated at 110°C, : :

Time(Min.) Y-Mean S.D.(y-mean) U-C.I. L-C.I. D-value

0 6.593 - .. .0.0181 6.671 6.515

«gawugJ;f;;;;55 253;,1g S 0.,0289...  -5,35  5.150 .- . .

R S T T -1 S
S 15 -,‘?,_3 388]j’_75“0.ou03 ~3.581 3,215 - .-

et e Gl A . .9.,89
30 — 1.872 -' - 0.0587 - 2,124 ©1.619 f

7.00-]
. 8.30-\ .. .} Data points
e A N A S with C.I.
- 5.60~ R
‘,4 30~ '
4, 20-{

a.50-

(Log 10)‘

:2.‘80—

ffEstiméfédzNuﬁberiSQrvibes' ] ;ﬂ{5f

i 1 T 1 t k 1 1 i 1 ]

0.3 6 9 12 15 18 21 2% 27 30

Treatment Tlme (Ilnutes)

Figure 13: Surviver Curve for Spore K 3 37 when
‘ Heated at 1lo°c :
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Table 20: Summary St;tlSuluS for Ragression Line Obtained
from Spore K-3- 27 when heated at 110°C

Sumwary Statistics 95% Confidence Limits
@ Value Lower Upper

D-value 7.5430 - - - 6.4880  ©  9.0080
. Slope -0.1326  ..-=0.158% . . =0.1110
irInLe“ceDL 5 7140 S 05p2920. 77 - 0 8.1360

7.00- .

o ) ‘ S o Ax,y)Imean

5.0
u.90-
fu;zoé
Z;é;sbf

C2.80-|

‘(Log-lﬁ) Sy

; 2.10__ |

1 IR
i Y
. 0 X
e
T
S5
o3
2]
S
o
)
2B
e |
A
)
o
+3
i
I =
. fl‘l
N =
- 03

6.9 12 15 ‘18 21 .24 27 30 L

".;Tfééfmeh%}iimél(ﬁinutes),_
. Figuré.iq Recresbﬂon Line’ for SDOPE K-3- 27 when“
B S HeaLEG at 116°C.



Table‘él" Summary of D-value Data for Pure Culture Psychrophlllc Spores Isolated
from Cape Kennedy IR ,

, - B 95% . - ‘
- Sample - Temperature ‘ Condltlon - D-value . - Confidence Limits Regressmon Line

(Spore) °C‘ : ..,j,9R H. . Mlnutes - Lower - Higher Ng .. . ¥ CI.R,
1% , L : : g 0

. K=1-6 fh'1109;5)f '], 50%‘;*f:y.7.30.107 “:‘28.89;j' 31.42° . 8.64..6.58 0.991

K=1-8 . . 1109 ;' i 50% .. 21,28 .0 20,15 22.53 . - 6.67  6.82 1.022
- T12890 0 50% -t 2089 7 2,81, 3,21 0 6.68: 77,35 1.100

Ce11030 L 10.4b 0 12087 0 U480 n .48 0,997

ke2-387 1100 o508 ol | . ‘
- : . °1.83 1. 2.009. 2,018 4.¥9 .67 1.0kl

S125e

K-3-27 0011000 0 v .s0% .t 7usn 0 pang ff- 9.01  6.59 . 5.71 0.867
S d2se it s0s e L ook e Lo Ll L Al
L008.10 7 ..7.59 . 8.68°  6.20 6.29 1.015
‘3,08 .7 2,390 © 4.118  6.162 5.934 0.9529

K-3-89 - 110°. .. 50y o
CoIzseltis0s i

 K-3-110 - 110° . . 50% . . . 43.37 © 33.55. 149,57  6.21 5.95 0.959
T ©12ser . .s0% i 8.78 .° _ 9.24 ' 10.39 . 5.85 5.45 0.326
‘K-4-118  110° - - §0% .- . 15.7% . 1y.24 - 17.8G - 6.9%  6.34 0.911

o 1250 0 80% - 2.67 - 2.2% . 3,29 6.96 - 5.78 0.833
K-7-146 ° - 110°. ® - = 50% . < 17,91 . 16,99¢ 18.81 ' - 6.98° 7,28 1,042

| ©125° o B0%. s .. 03.82 . 3,52 - 4.17  §.97 °7.69 1.102
K-8-42 110° i 50%.% .0 734.18 -1 '32.39. - 36.1% . 7,00 7.28 1.031
S st oS08 T S2L  W.elz | 8.8H7 0 7.05 - 7.57 1.074

K-10-99  116° . 50% ;;y‘ﬁrf529 81 . 27.49 'f,32;5? 78,90 7.08 1.026
: - 1250 . 50% .. - 4,73 . 4,35 . 5,18 - 6.90 7.18 1.041

£8



Table 21 continued.:

S ‘ S Co T e D 95% _ S '
Sample Temperature . Condition . D~value  Confidence Limits © ‘Regression Line
. (Spore) - °C - %R.H.j‘ju*tMinutesf Lower Higher Nb' L YO I.R.

K-11-38 . 110° . ‘50% . .. ‘. 30.27:  27.68 .  33.u0 S 6.12 6.22 1.016

o 12se i os0% U 3.83 . . 3.33 0 L.O4 6.1 © 6.35 1.082
K-10-113  110°. " . 50%- - " 33,09° . 31.67  -34.65 6.70 ' 6.18 0.921
S 2SSl os0% 00 n,700 oM. . 4.93 5,89 . 7.09 1.029

K=11-123 1100 -0 o 50%

| 112,175 ©10.80 - - 13.86  76.53 ~5.91 0.906
L1280 il Ll S |

T —— T et e -

K-7-137° . 1109 i s0% . U Ta2.7h . 0 20,32 L0 25.04 ¢ 6.5L1.¢ 6.74 1,035
T 1B o s0% U 3,700 3.27 4.26 6.4k " §.89 1.070
K-12-33 1100 T, 0 50% 70U F0122.45 - 115.16 ¢ 130.73 . ¢ 4.906. 4.590 0.8352
S rese . s0% Y T g.ow v 6,86 7,36 - 6.76 - 7.31 1.080

fﬁ;D-values were,leSs"than 1.0;_thebéfofe no other data could be computed{

hg
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.for the orgaﬁisms associated with lafge particles to be
more resistant to dry-heat than those organlsms aésociated
with sﬁalleﬂ‘paf¥icles. Duplicate dry-heat tests at 110°C
and 125°C were conducted on each separation. Each data
'p01nt _s the average of e1gh+ boats (800 Dartlcles) or-
f;of two heatlnd runs,; The su“v1v6r curves of the partlcle
i;s;ze e#perlmenﬁs are shown ;n :1gﬁfes lS(D 87} and lB(p 88)
Figure lé_éhows thé_éurvivdr“éurve-ohuaa;h separatlon when.
Hheated at.llﬁoc thie Figure 16 shows the survivor curves
5when h;ated at 125°C o
In the analysxs of the surv1vor curve test results

. it can be observed that there was a consmstently 1arger '

"number of surv1v1ng ordanlsms assoc1ated with the la”ge'

'_HparthIES than Wlth the medlum size partlcles. Thls sanﬂ'

' .type of relatlonshlp ex1stea between the medlum and smallf

'if;smze partlcles, there was a larger number of surv1v1ng

'iorganlsms assoc1ated w1th the medlum size partlcles than

715w1th ‘the smaller 51zed partlcles._ Thefdlfference appeared.

“; at the shortest heatlng tlme of 5 mlnutes and reached a :

. more oOr less stable condltlon after 20 mlnutes.' Follow1ng
'V~heat1ng tlmes of fhom 20 to 140 mlnutes for 110°C and 30

fikto 120 mlnhtes for 125°C a Stable pa;tern developed 'in )

"whlch the relaulve number of suwv1vors was hlghest for tﬁer
"lafger parL;cles and lowest for the snallest partlcles

" There may 5é éome variation but, con31der1ng all of the
manipulations pequiped, the conswsLency of thls data would

indicate that the differences in survival associated with



Tn the comparison of the results at 110°C and at
1259C, it can be seen that the survival at 125°C is much
less than at 110°C. The initizl survivor drop appears

1 116°C and 12570 produce

survivor curves that appear to level off some after about

15 +o 20 miputes. AT 110°C particle sizes of <100 > 88um
<88 >uypm  and <il >22 showad survivors after L1440 miﬁutéss
while there were no survivors in the time periods at 125°C.
Those‘particles lzsgs that 22ym showed survivors at ilU
minutes when heated at 110°C and at only 50 minutes when

heated at 125°C. A summary of the particle size data ig
Y 7

imln

v
o
e}

given in Table 22 (p.89). As can be seen, about 76% of

the viable population asscclated with the large particles
survived 60 minutes of heating whereas, approximately 7.8%

of the viable organisms aszeociated with the smallest
g

b 110°C. At

f]j

particles survived 60 minutes cof heating
1959C about 52% of the viable populaticn associated with

the lavger particles survived 60 minutes of heating, while

ot
La

0% of +the.viable populaticn asscclated with the smallest
particles survived 60 minutes of heating. D-values were

not calculated due to the non-linear responsa observaed

from the survivor curves at both 110%0C andg 1725°C, These



.100-
90~

80~
50-
0

30~

Percent Survivors - o

f[ZO-
oa0-

.0

70-

87

: - »
.o -- <100>88um

A ~— < 88>4bpm
o 0 == < hBUY>22um
X . —-= < 22um<A

‘ 0 lO 20 30 HD SU 60 70 80 90 lOO llU 120 130 140

Heatlng Tlme (Mlnutes)

' Flgure 15- Erlect oF Partlclﬂ'Slze on the Dwy ~Heat
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L Destructlon Rate when Heated at 125°C



~ TABLE 22

. 89

 PERCENT SURVIVORS FOR PARTICLES SIZED FOR DIFFERENT
" EXPOSURE TIMES IN MINUTES AT 110°C AND 125°C

:i?érticlé Siier_"

‘:Teﬁp.

30

60

aQ

120

<100 >88ym
T < 88 >htyum

<y >22pm"

< 2m

125°C

1100C
- 125°C

7' f l1d°C :
. 125°C

110°C

:llooc
-125°C

87

-3

7L

31
17 -

20

10

76

- 52
B
24

29
7.8

63
33

32

13




CHAPTER V

DISCUSSION
The‘prlmary objectlve of planetary quarantlneh

:actithles assoc1ated w1th the 1nvest1gatlon of Mars lsl
preventlon of contamlnatlon of the soacecraft._ Attempts
are made to meet thls objectlve to assure that the Martlan
‘lsurface 1s not contamlnated w1th organlsms ‘which mlght
: alter the prlstlne state of the planet and to assure that
,contamlnatlng organlsms on the spacecraft do not 1nterfere
Wlth 11fe detectlon experlments.f Because these ob]ectlves
'are so V1tal to the exploratlon of Mars, the Natlonal
amAeronautlos and Space Admlnlstretlon has developed detalledi
Eistandards for the mlcroblal monltorlng of the Vlklng spacee‘

craft whlcn 1s scheduled to land on Mars in 1975 (??) .
5iInten51ve 1nvest1gatlons have also been performed to deter—[i
f‘mlne a termlnal sterlllzatlon procedure whlch w1ll accom-”
pllsh lts purpose W1thout int erferlng w1th the englneerlng
'ide31gns of the spacecraft Dry heat has been selected as"
- the method of ster1117atlon (3l 61) 7 l.d “L_ , :”
o Included in the NASA standards (59) for monltorlng.
;the spacecraft is 1ncubatlon of samples at 32°C It is
known that numerous organlsms cannot - grow at thls temper—

_ ature, and one obgectlve of thls 1nvest1gatlon was to

demonstrate that these organlsms are_p0551bly belng

- -

a0
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oyerleeked in the microbial monitoring of the‘spaceeraft.
For this reason, all investigations were pefformed at
temperatures below 32°C, and initial 1solatlon was per-
formed at 7°C. From the results of this prlmaryllsolatlon,
.;as pre ented 1“ rPable H (p 53),.1t can be seen that the
?;s01l sanples from the manufacture area contain hloh popula—  o
'itlons of organasms posaeSSlnc the ablllt] to grow at low
temperatures. The samples from Cape Kennedy show populae
tlons aVquUlng about two logs less than those from Denver.
In all but one sample; it is seen that the aeroblc populatlon
als the hlghest. Further 1nvest1gatlons, however, show most
forganlsms lncubaped aeroblcally and anaeroblcally were. |
‘Afacultatlve.:h, 
| ‘Even’ though these orgaplsmslwere 1solated at 7°C,7
}1t was hecessary to determlne lf they could grow at 32°C,
eftherefore, the second obgectlve of thls 1nvest1gatlon was
l:to determlne the percentage of obllgate psychrophlles 1n
E;the sanples.. Accordlng to . some. deflnltlons, mesophlllc
a{organlsms usually do not grow below lD°C (?8) therefore;
f¥1t would be expected that all of these 1solates should be
psychrophlles.- On the o*her hand Ingraham {u5) deflnes .
f‘psycnrophlles as organlsms DOSSESSlng Lbe ablllty to Urow
.at U°C ln 10 days. Because thws 1nvestlvatlon used
‘lncubatlon temperaLures of 3°C 24°C and 32°C,'1t wWas
anecessary to define the term as used in this project. For
purposes of this iﬁvestigation, organisms growing at 3°C

in 10-14 days, but not at 32°C are designated as’

.



psyehrophiies. As can be seen in Table 6 (p.57), 9 of the
original 15 samples contained obligate psychrophiies among
their popu1atlons, ranging from 15% to 55% of the total |
lsolates per sample. The highest percentaces are found in
the soil” salees from Cape Kennady. In order to better
FeharacLerlée these samales,‘tne results have been presented
'fln sdeﬁ a way that those who prefer a more rlgld deflnltlon"
of psychrophlles can see those results ln the second column’
of Table 6 (p. 57) |

“f ' In the studles related to temperature requlrements
: every colony was transferred f”om the orlglnal countable
‘plates to TSA slants for 1ncubatlon at the dlfferent |
:;temperatures. These 1nvest1gatlons 1ncluded 1solates
w'_'.ra:mga.ng from SD owganlsms per sample to 196 organlsms per
'sample, the mean number of 1solates per semple belng 97.‘:7
Z;Because 1solatlons were made at 7°C and because several
1;samples showed reasonably hlgh concentratlons of psychro—
;phlllc organlsms, the results presented in Teble 6 (p 57)
jfdemonstrate clearly that many organlsms are not belng
'ilncluded by current monltorlng technlques. A
‘ The temperatLre of 1solatlon was used to selectlvely
w;tsdlete orgenlsms not capable of growth at 32°C Some

iﬁlnvestlgators (41 42) ;eel sporefornlng bacterla w1ll not
‘Grow at thls low 1solatlon tempe“ature whlle others (45
'_have demonstrated that ‘these . bacterla can grow at such a

”1ow tempereture ThlS questlon is of me]or lnterest to

‘planetary quarantlne because the SporeFO“mEPS 1nclude
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organismslwhich are most resistant to terminal dry-heat‘
sterilization. Therefore, a third objective of this
investigation eas to determiﬁe the distfibution of different.
types of organisms isolated at 7°C from areas aseociated
i"{th the V1k1nc specec*aft and to determine the Percentage
5iof tne ertnat wewe cbllgete psycnﬂoonlles.‘ Thelreeults-.
tp esented 1n Table 8 (D 61) reveal that the maJorlty ol'
organlsms maklng up the poeulatlons in several samples ars
_ﬁcn—eeerefcrders.“ However, populatlons sampled from 51x
-‘of the twelve collectlons lrom Cape Kennedy each contain
-‘more than 35 percent sporefOﬁmers. Although the percent—
dﬁages from the manufacture area are lower,the actual numbeﬂs |
l-of smoreforﬁers per gram oF 5011 for samples M 2 and M 3
-;are as.great as or greater than those from the Cape Kennedy
_:eamplesr- Theee results 1nd1cate that both types ollsamples_é

fﬁdo contaln sporefowmlng populatlons caDable of growth at

e ;though these 1solates dld grow at 7°C .ithhee?
ﬁ{necessary toldeterm1ne 1f any weﬂe really psychrophlles |
”ceccordlng to our dellnltlon' From Table 9 (p. B4y, it cadr
. be-seen'that:all of the sporefcrners from the Denver samcles'
,iérow at 32°C Psndrophlllc poaulatlone other than 8pore-
.—TIOPHEPS are denonstrated but these are less 1mp0rtant due )
dto thel“ SuSCEDlelllty to the terw1nal dry-heat ster1112a~
tlcn cycle. These non~sporerormers cannot be overlooked
completely, however because:of tﬁe possibility of these

orcanlsms belnc aseoc1ated ‘with smell soil particles which

w
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could efford pfotection frem the dry heat cycle; “Tﬁe
samples from Cape Kennedy do eontain spofeformers incapable
of growth at 3;;0 and hence, not defected by NASA monitoring
etandarde - | |

These resul can be more’ cleawly seen as compos te

:7xresults in Table 10 (p 56) Th1s'table shows Lhat approyl—fE-

"3mately 15 O¢ tne 011 pODulatlons at the nanufac+ure area

are not belng selected by current monltorlng procedures,
e'but apparently not 1nclud1ng sporeformers.‘ Approx1mately
_ 16% of the soil populatlons from Cape Kennedy are not

}Jassayed by*currentrtechniques, and thie total-includes

f‘”eabout S° whlch are psyehrophlllc sporeformers. In other

'?words 1t appears that current monltorlng pPOCedureS may be.
”'fexcludlng as many as l 7 X lO3 5porexormers per gram of
'-?SOll due to the use of the 81ngle 1ncubat10n temperaturei-.
.e;fof 32°C It 13 felt that these nunbe“s are probebly low

”Y-because of the 51ng1e 1solat10n temperature of 7°C .If'”

':fjcther 1solat10n temueraturee were used, other populatlons;”

1jlm1ght be demonstrated whlch are not capable of growth at

'7j32°C These results are of 1mporeance, however, because
;1rthey demonstrate a large populatlon, 1nclud1ng sporeforners, |
':;Wthh may. not be 1ne1uded 1n mleroblal monltorlng procedures
‘-assoc1ated w1th the spanecraft Slnce)lnvestlgatlons,
'such as dryhheat studﬂes, reeated to planetary quarentlne
censtralnts have been performed only on organlsns 1solat d
at 32°C 1t appears that’ there are many organlcms 1n the

VlC‘nlty of the snacecraft whlch Have ‘not been 1nvest1gated.
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‘Orgahisms growing below 8°C may possess the éharac—‘
teristics favorable to growth in the Martian environment(uQ3l.
Therefore, not—only may the organisms isolated in this
ihvestication be excluded by.current'monitoring pchedures,

;bﬁu they mQV also 1nclude the organisms best_adapted.to.;_ f;
”ggrow 61 an; contuWLHate Mars s .. |

Prev10u= 1nveé£1gatlons on'Lholeffects of dry heat
used organisms whlch vere 1solated from areas remote from
 :the snacecvaft and wersa elther mesonhlles or thermoohlles.
The thlrd objectlve of this 1nvest1gatlon was to make-a

& prellmlnary survey of the dry ~heat. re51stance of psychro—
‘N_phlllc mlcroorganlsms 1solated dlrectly fron the two malni
areas assoc1ated w1th the Vlklnc spaceccaft. The ‘pesults
'\IOf thls study, as- shown ln Table 19 (p 81) 1ndicéfe:fhat
; pure 1solates of psychrophll*c spores are falrly sen51t1ve‘f
:'to dry heat at llD°C and even more senSLtlve at 125°C.

f:D Qalues 1n thls 1nvest10atlon ranwed from 7 54 mlnufes .

110 i

‘fto 122 45 mlnutes whlle D values range from less than 7.b

126
” 1 mlnu+e to 9 78 mlnuues.a~I J Pflug(2l) has reported

'_Dllﬁ—values worklnc w1th BaClllUS subtilis var nlger

136 mlnutes to 167 mlnutes and D125 values of lB 6 mlnutes

'"ito 32 3 mlnutes ' %s can be seen 1n Table 19 {p. 81) only

E sDore K 12 33 aDproachas these D lo—values Spore K-12-33

_has a D 10 —value of 122 BSy mlnutes while B. subtllls var
niger, has a Dllo~value of approximately 151 minutes. At
125°C, nene of the psychrophilic isolates showed D-values

appr oachlnf those of B. subtilis var niger.
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The highest péychrophilic D -value among our 1isolates is

_ 125
9.783 minutes (K-3-110). Bacillus subtilis var niger

is now used as cone of the standard dry-heat indicator
.organisms, due to its fairly high resistance to dry-heat.
Cemparing survivor curves, given in Tables 9-17, and the
"LIRfvéluésiﬁ_on Table 19 'ithan be'soen that-thgrheating
_:;esnoﬁae‘époaars to ‘be neawly 11neah Aﬁy:deviation that
‘occurs in the surv;vor.curve from a linear response can be
felated to_ﬁany factors. lThe'simple logarithmic model

_ requirés thatfthe‘survivor cur&e be a straight-liﬁe where _
¢ =n

‘”curve to meet thls crlterloq 1ndlcates that the data does'

0" Fallure of an experlmentally determined survivor

”-not completely fit the nodel However' the model ltself
‘}1mpobes several restrlctlona on the experlmen’ca1 prOgﬁam

  1;;The sPore suspen81on belnc evaluated must be

”fﬁmgenetlcally,:chemlcally, and Phy51cally unlforml__ﬂ

2. The condltlon of the heat destructlon test must

‘Tﬂﬁ;be constant and ldentlcal on a test to- test

‘Vgifba51s.:;ilff;%ﬁf.
"3;;The ove”a17 handllng procedures 1nclud1nc the

o medla, 1ncubatlon tenperature, and ‘recovery

mothod must be.wdentlcal and constant. (61)

ﬁ?ltf*s very dlfflcult to conpletely control all thesel.
varlables to a degree where Lhe variation. w1ll not affecti
thn shape of the SLPVlVOrlCUPVE._.”hen a non- llnear sur-
-'v1vor curve. is obtalned thc ouestlon must be ‘raised ji |

whether varlatlonslln_the experimental protocol-are
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responeﬁble for the unigue shape of the survi?or curve or
it is due to other factors. | |
Recent work on the dry-heat resistance of bacterial
épores has indicated a critical role for vater. Drummond
renqAPflugtgl showed thet the relative‘humidity of the
u{eﬂeirenmeetubef re ehd. U ng dry heat exposure—meﬁ.hate
ﬁprofound eftec-e on-the Deat re51s ance of bacterlal spores.
For thls-reason the reT"lee humldlty throuchout this
_:1nvest1gatlon was controlled and kept at 50%%2.. Hewevef,
‘{no attempt was made to stedy the effect of relatlve humldlty
?on the dry heat re81stance of psychrophlllc spores., . Further
A‘lnvestlgatlons should be conducted to establlsh the.psy~
;:chr0phlllc resoonse to vawlous dry ~heat cyeles at dlfferent ;
efrelatlve humtdltles; ‘.. ‘_ ‘ .7 _ h | 7__
‘ ) It has been establlshed experlmentally that the -
ftdry heat re51stance of psychrophzl;c snores 1solated 1n ihe':
:pure state 1s low.’ These same psychrophlllc organlsms when
'{heated in thelr'.nattlr*a1 nlxed pouulatlons w1th 3011 partlcles
gtof vaflous 81zes appear to have a hlch survival ablllty -
"The studles of the effect of 5011 partlcle size on the‘
,surv1val of m1creorwanwsms assocwated w1tn them suggest
mlthat ther ,ls‘e dlrect “elatlonshlp be theen partlcle size.
i:and-surv1vaietime o; micfoorgenlsms.r Flgures 13 (p 81) and-
lh (p. 82) show the surv1vor curves at 110° and 1250 for
"organlsms mixed with various parLlcle sizes. These sur-
Vivorrcerves are non;liheab and any real'comparison with

the D- value cu“ues would be very difficult. Figures 13,

. -
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1% and Table 20 (p.82) sho# a population with lower
resistanee,associated with smaller particlee and aAmore
resistant fﬁection associated with the larger particles.
This could mean that the larger Dart1c1es are glVlng more
'“pPOLﬁCthﬂ against hent the1 are tne smzller oartlcTes.
-iptﬁeﬁ egp aﬂat”OﬂarfOP the sug"ested.lnCﬂease lnlsuﬂv1val
_”as oc1eted w1th the larger Dﬂrtlcles could be that more:
ﬁorganlsms are assocxated Eluh +the 1Argew partlcles than
,.Wlth the smallew ones, or. there may be differences in
chemical comp051tlon between the larger and smaller partl—
;cles -~ As the populatlon w1th a SpElelC partlcle size
.jlncreasee or decreases 80 w1ll the time needed to obtaln-
;sterlllzatlon s;nce the total tlme needed to'obteln
-.sterlllty is not only depenaent on temperatufe'bﬁteelsec
f'on the total mlcroblal p0pulat10n._ ol
. , In summary, thls 1nvest1gat+0n hes proved the
fex1stence of psychrophlllc Dopulatlons'lﬁ the 5011 samples'
:fessoc1ated w1th the Vlklnc soacecraft. It has also o
 edemonstrated obllcate Dsychrophlles 1n:the samples, 1nclud—
ing sporeformeﬂs, Wthh cannot grow at Lbe curreﬁt‘incuba-'
;tlon temperatUﬁe used 1n nlcroblal monltorlnc of the
?jépacecraet.: However, these psychwoph11lc organlqms.
t.demonstrate low dry heat “631stance at 110°C and 125°C.

 TQ say tHat all psychrophlles are sen51t1ve to, dry heat

: shéﬁiq not be extrapolated from these results, but 1t would
epDear Lhat under the preseqt condltlons of. th;s 1nvestlga—

tﬂon, those 1solates fro“ LhP manuFacture and assembly
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areas of tﬁe Viking spacecraft would not survive the
presently planned sterilization cycle of a temperéture
between 110°C and 125°C for 30 hours. From the results
of_this investigation, it appears that organisms assoclated
uﬁithiargeséil_particles are more resistant than those

‘associated with smaller particles.. - o loorhoe o
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