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ABSTRACT

The rccenily ]aunchcd Mars Pathtlndcr spaccclaft,
involving a lander and a IOVCI-schcdulcd to land on Mars in
.Iuly 1997, was required to comply with the National
Aeronautics and Space Administration p]anctaty protection
regulations for such space missions, ‘fhc microbial
c]canlincss rcquircmcnts drove a major, successful effort to
assemble a clean spacecraft and to verify and maintain its
c]canlincss,

l)lanctaly protection for Mars missions is
introduced, and the approach taken by the Mars Pathfinder
l)rojcct is discussed. Specific topics ;ncludc ethyl alcohol
wil;ing, dly heat microbial rcduc~ion, microbiological
assays, and the Kennedy Space Center’s SAl;l~-2 clean
room, Quantitative rcsul(s for the number of aerobic spores
found on the spacecraft arc prcscntcd and compared to the
Viking 1975 values.

keywords: contamination, Mars, microbiology, p]anct my
protection, spacecraft

INTRODUCTION

‘1’hcMars l’athfindcl- llojcct (MIT), which was
launched to Mars on l>cccmbcr 7, 1996, is required to meet
certain plancta]y protection (P]>) rcgulrdions, particularly in
regal-d to the microbiological cleanliness of the spacecraft,

‘1’hcplanctaly protection regulations for United States space
missions arc established by the National Aeronautics and
Space Administration (NASA), 1 “1’hcscregulations arc
consistent with the basic NASA plancta~y protection policyz
and with an international tl-caty,3 and have been reviewed by
the Comrnit[cc on Space Research (COSPAR), an
intcmationa] body charged with the oversight for
compliance with the t]-caty. The pulposc of planctaly
protection is to p]-ovidc a reasonable ICVC1of assurance that
the opportunity to search for life (and its precursors and
fossil remnants) clscwhcrc in the solar systcm will not bc
lost duc to contamination by earlier space missions. ‘1’hc
rcquircmcnts arc especially skingcnt for landed missions to
MaI-s, where the possibility of life is of scientific intcl-cst,
Although the implementation of procedures for compliance
by Mtq~ was planned and partially complctcd before any
report on microbial fossils in a Mars mctcoritc, the
pub] ishcd findings4 do add a sense of validation to the
activity and to the NASA planctaly protection program,

BACKGROUND

Mars Pathfinder Spacecraft

The flight systcm comprises the cmisc stage, the
acroshc]l (heat shield and back shell) and the lander, In the
launch configuration (l~igut-c 1), the cruise stage interfaces
with the motor, so that the stack under the payload fairing
has the lander, inside the acroshcll, on top. Of the
mcchanisnls employed in the cntty braking, the parachute
and the I{All rocket motors arc packaged on the back shell.
‘1’hcair bag systcm is mounted on the outside of the lander.
‘1’hcflight systcm is mscmblcd in a clean room, from the
lander, heat shield, and back shell subsystems, Ailcr this
assembly is comp]ctcd, all ofthc lander surfaces and the
interior surfaces of the acroshcll al-c completely protcctcd by
the acroshc]l itself during transport to the pad and
integration onto the launch vchiclc.

After the landing, the “petals” of the tctrahcdron-
shapcd ]andcr open up into the deployed configuration
(1’igurc 2). A camera is dcp]oycd upward on an cxtcndablc
boom. “1’hcantennas and a mctcolology boom arc also
shown. ‘J’hcSojoumcr rover is driven off over a small ramp

deployed from the petal for that pulyosc. Most of the lander
electronics modules arc inside a thcnnal cnclosurc,
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F’igurc 1. M}’l/ 1,aunch Stack (1Lxplodcd Vim).

1Iowcvcr, some nmdulcs arc simply mounted to the base of
the lander. The top surfaces of the petals arc solar allays.

Planetary Protection Rcquircmcnts

‘1’hccurrent planctaly protection requirements
relative to the microbiological cleanliness for a landed
mission to Mars arc as fo]lows:s ‘fhc spacecraft and its
payloads shall bc asscmb]cd and maintained in class
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l’igurc 2. M1’1~1.andcr in l>cploycd Configuration,

100,000 (operational) or better clean rooms, with Viking
Project type (stringent) controls and procedures. On
“exposed” surfaccs,b the avcra c density of aerobic spores

fmust not cxcccd 300 spores/m , and the total number of

aerobic spores must not cxcccd 3X10s spores. ‘fhc two
limitations on spores apply only to surfaces that have a
crcdiblc chance of contaminating Mars. ‘fhcsc
rcquircmcnts on spores, or burden in planctaly protection
notation, arc fairly ncw regulations, first applied to Mars
Pathtindcr, ‘1’hcactivities to comply with these
rcquircmcnts arc the real subject of this paper.

Note that sterility is not required. ‘1’hcintent is a
]-casonab]c ICVC1of assurance, specifically a spacecraft as
microbio]ogically clean as the Viking 1,andcr was prior to
its tcnninal stcrilization7 process. s ‘fhc tcnninal process for
the Viking 1.andcr addressed a much more scvcrc
rcquircmcrd; all burden (even cncapsulatcd) was then
accountable.

APPROACII

Account able Su tiaCCS

An important 1’1’issue for the M1’F flight hardware
is the separation office surfaces, both external and inte]mal,
into the two cat cgorics: those for which the surface
microbial spore burdens mLNtbc accounted and those which
do not count against the 1’1’burden rcquircmcnts. In
addition, some othcrw’isc accountable free surfaces were
spcci ally exempt cd fi-om burden accountabilityy. l’hc cruise
stage was cxcmptcd on the basis of an analysis that shows
Mars atmosphere cntly heating to bc sufllcicnt, pm the
relevant 1’}’parameter spccification,g to cause (absolute)
sterility. A simp]cr, worst-case analysis also showed that the
cxtcrna] surfaces of the acroshcll (heat shield and back
shell), including a single ply thcnnal blanket on the outside
of the heat shield will also bc heated sufllcicntly to confer
sterility.

All of the other surfaces of the cntly vehicle: the
interior ofthc acroshcll and its intcmal thermal blankets
(multilaycr insulation or Ml J), the parachute, the parachute
canister, the brid]c, the back shc]l intcrfacc plate (B1l’), the
RA1l rocket motors and their MI ,1, and other miscellaneous
small surfaces, are “exposed” suufaccs.

‘J’hclargest structure mounted on the 1,andcr is the
lnsulatcd Support Assembly (ISA). I’hc majority ofthc
electronics of M1’1~(and a large total free surface area) is
located inside the ISA, which provides thcnnal p]-otcction.
‘1’hcISA was carefully scaled to prevent heat leaks and
palliclc transport. A 3“ diameter’” 111WA filter was
incoq>oratcd into the ISA dcprcssurization vent, Thus, all
surfaces inside the ISA arc not “exposed. ”
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‘1’hclargest structural components of the 1,andc]-
itsclf arc the base and side petals, With the single cxccption
of the pall of the top su~face of the base petal cnc]oscd by
the ISA, all surfaces of the structure of the 1.andcr arc
“exposed.” ‘l’his approach was conscrvativc]y applied to
the multiple laycm in the detail ofthc unclcrsidc ofthc
petals, bccausc all the layers arc either fab]-ic and/or do not
comp]ctcly cnc]osc the inboard volume, 1:01example, the
air bags were not considered sufllcicnt as a petal cnclosurc,
that could exempt all of the inboard surfaces of the petals.

Other major “exposed” surfaces on the 1,andcr arc
the outside of the ISA, the solar arrays, the air bags, the
thcnnal blankets, the antennas, the rover ramps, the cables,
and the scicncc instruments, ‘fhc surface area of all of the
plies of the air bags was considered “exposed” bccausc of
the likelihood oftcaring during even a nominal impact.
Similarly, the surface area of all of the plies of the thcnnal
blankets was considered “exposed,” but bccausc of possible
wcatbcring on Mars during the time period of]]]> interest.
IJor the same reason, aluminized tape used to wrap the w’irc
bundles (cab]cs) outside the ISA was dccmcd inadequate to
exempt tbc wire bundles, The surface areas of the
(insulation of the) individual wires’ were considered

“exposed.” I)uc to lack ofdocumcntation on the venting of
the two pyre-switching assemblies, their interiors were also
considered “exposed.”] ] Finally, the radar altinlctcl-
c]cctronics module, which has an oversized vent, was also
fitted with a small 1IIWA filter, Thus, its internal surfaces
arc exempt, 12

On the Sojoumcr rover, all sulfaccs cxtcmal to the
warm electronics box (WIH3) arc “exposed.” ]n addition,
the exterior of components located inside the WI ;13( and the
inside ofthc WJiB wall) were also considered “exposed”
bccausc there arc too many penetrations and vents to confer
an exemption for the design as flown.

(htamination Control Proccdurcs

‘fhc approach to burden reduction and control for
MI’F consisted of alcohol (wipe) c]caning; dly heat
microbial reduction; recontamination control; genera]
contamination control, as required by 1)1’and as augmented
for specific hardware and operations in manuracturc or
Assembly, ‘1’cst,and l,aunch Operations (A’fl ,0); and
special environmental control. ‘J’hcfirst two items arc
methods for burden reduction after the fact to a value
acceptable to PP. ‘1’hccontrol measures arc intended either
to lower the rate at which the burden on an exposed surface
incrcascs or to absolutely prevent any incrcasc (e. g.,
rccontaminat ion control after a final assay),

]n general all “exposed” surfaces of flight
hardware were either clcancd or proccsscd by dry heat.’3

‘fhc cxccpt ions comprise a fcw small areas, typically those
that could withstand neither heating nor cleaning. “l’he
burden of these exceptional surfaces is estimated pcr IT
pal-amctcr spccitications and so book kept. ‘1’hcexterior
surfaces of items that were proccsscd by dly heat and of
ncccssity later exposed, were additionally clcancd prior to
installation,

All ficc surfaces of flight hardware, cxccpt as
noted above, were clcancd before the installation of the
hardware. ‘1’hcrover was clcancd by a “precision cleaning”
process that involves freon vapor dcgrcasing, All of the

other surfaces of the Ml)l~ lander that were clcancd WCK,

wiped with sterile alcohol and sterile wipes, l~thanol was
exclusively employed during AT] ,0, In fact, only ethanol
may have been used at other times, despite isopropyl
alcohol possessing some sporicidal cflcctivcncss. (1!thanol
has villually no cfl-cct on spores,)

Scvcntccn different Mt’1~assemblies and
components were dry heat proccsscd. ‘1’hcrationale for
selection was typically lalgc surface area (c. g,, the
parachute and thcnnal blankets) or impracticability of
cleaning by wiping (e. g., solar arrays, wire harnesses, and
even separation nuts). ‘1’hcsclcctcd process conditions for
MI’F were adulation time t(hours) for a range of minimum
tcmpcraturcs ‘1’(C) in the proccsscd hardware on the range
110C to 125C:

, , 5X]()(125-7)121

‘fhc parameters were conscrvativc]y based on the relevant
P}’ parameter spccitications, 14 For c~amp]c, a minimum

process tcmpcraturc of 110 ‘C was established to ensure
that the lowest tcmpcraturc in the processed hardware is in
fact >104” C, as required. ‘l’his process will provide a
reduction in spore burden by a factor of 104, the maximum
that may bc claimed pcr the specifications, without
verification. Only a prc-process assay is required for P]],

The PI] parameter spccitications for d]y heat

microbial reduction also require a maximum ubsolufe
humidity, comcsponding to 25940RI 1 at OC at 1 atmosphere
pressure (i.e., S’1’1’). This expression ofthc absolute
humidity reflects the implementation for the Viking terminal
stcl-iliy,ation process. lS ‘fhc spccitlcations do not cxp]icitly
note that the technical issue that must bc solved by an
acccptab]c altcmativc process is to maintain the absolute
humidity, ‘1’hcViking process accomplished this directly,
‘1’hisissue is crucial for large surfaces.

‘1’hcfacility fol- the Viking dty heat process was
not available to the Ml>k’Project, Ilowcvcr, an alternative
approach, a vacuum tcchniquc, has been devised that



p]-opcdy maintains the absolute humidity at the process

temperature, including the removal of any water released

jkm dle item beitlgptocessed to the extent ncccssaly. ]n
this tcchniquc, a standard pressure gauge is used to monitor
a modest vacuum 1,15 tom, or less, maintained by a
roughing pump. This is a conservative parameter, based on
25% of the saturation vapor pressure of water at S’l’l>.l’hc

allowed partial pressure imteases at the higher process
tcmpcraturc. The total pressure rcprcscnts an upper limit for
the partial p]-cssulc of water vapor.

in addition, some ofthc hardware items were dly
heat proccsscd in (high) vacuum chambers (e.g., thcnnal
blankets). In onc case (the honeycomb structure and the
thcnnal protection systcm of the acrosbcll) the
manufacturing process itself cxcccdcd the 1)1)specifications.

1:0] various reasons, some of the flight hardware
(and onc itcm of non-flight hardwal-c) was not dly heat
proccsscd pcr the 1’1)spcciflcations; spccitically the
absolute humidity ~vas not controlled. l~or these items, the
post-process microbial burden had to bc cstablisbcd. ‘fhc
I-cduetion factor cannot bc inferred i“-omthe process, as it
may bc for a conforming process.

‘1’hcparachute was proccsscd in a scaled (flight)
overpack that had been purged with dly nit]ogcn gas prior
to scaling. 1lowcver, the water cxpcctcd to be rclcascd from
the cxtcnsivc surface area of fabric during heating into a
small volume would easily violate the humidity rcquircmcnt.
in order to establish the post-pmecss burden, worst-case
picccs (trinuncd picccs where sewing and cutting by hand
had c)ccurrcd) of the manufactured units were collcctcd for
both prc-process and post-process assays, ~’his proxy
approach also demonstrated that the special contaminantion
control, in an uncontro]lcd environment, that had been
implcmcntcd by the manufacturer was vcly successful. ‘1’hc
prc-process burden density (30) was only 172 spores/n12.
Post-process the burden density (30) was lCSSthan
1 spore/n12. ‘1’hcapproach also dcmonstra[cd that the
humidity control is vital to the process: the reduction factor
was only about 500 rather than the 104 (or better) cxpcctcd
for the standard process,

‘1’hccnginccring model (1iM) air bag unit was
heated without any humidity control by the manufacturer.
IIccausc the IiM air bags were to bc used in the deployed
lander systcm thcnnal test (S’1’V-2), in which they would
cent act the rover and other ]andcr flight hardware, they WCI-C
assayed (sampled at the manufacturer’s location). “1’hcresult
of this prc-process assay, 103 spores/n12, showed that even a
very poor rcduct ion of a factor oft cn would cl iminate any
real possibility of contaminating the lander during the test,
The same result, which is much lCSSthan the 105 that is
spccificd]b as the worst case for uncontrolled manufacturing,

was used to establish a reasonable value for the flight unit.
‘l’hisvalue is not unusual. ‘fhc protcctcd surfaces of items
assembled from multiple plies of stock material tend to have
low burden density bccausc the stock is typically clean,
1lowcvcr, the talc inside the innermost lining, used to insure
slippage during deployment was found to bc vc]y
cent arninatcd (on the };M unit). ‘1’hcrcforc the talc supply for
the flight unit was baked at a vcIy high tcmpcraturc for
several hours, and shown to bc vil~ually sterile on a later
assay of a sample. (’1’wo0,1 g samples produced zero
spores). ‘l’heflight unit was proccsscd pcr the specification,

“l’heradar altimeter antenna was also proccsscd
without any humidity control, I lcrc the process was
cxtrcmcly long and hot ( 125C for 48 hours), for which at
least a factor of 102 reduction maybe safely assumed.]’
}Icncc the surface burden density in the interior of the radar
altimeter antenna is taken to bc 103 spores/n12 (down from
lo~).

‘J’hcstl-atcgy during the earlier phases of A1’1.0 at
the .lct IYopulsion 1,aboratoly (J}> ],)was to periodically
clean the flight hardware and to maintain it in a clean
condition, but then not ncccssari]y as clean as required for
launch. Status assays were also pcrfonned during the earlier
phases. “l’hisapproach provided practice in cleaning and
rccont amination control, ‘1’hcstatus assays contimcd early
in AN,0 that alcohol wiping was cflcctivc toward meeting
the surface burden rcquircmcnt. Succcssivc status assays
like the prc-ship and post-ship assays provided a means to
isolate potential contaminating events.

At Kennedy Space Center (KSC), the general
approach to the prevention ofthc burden increasing on an
exposed surface was the SA1H~-2clean room and the
pcrsonnc] garment and glove rcquircmcnts cnforccd. l~or
surfaces previously c]cancd, further exposure to the SAIW-2

intramural environment was minimized, Typically the
hardwat-c was draped as often as possible, The lander
remained as long as possible in the extra-clean anteroom
within SA1X’-2, Surfaces were clcancd for the last time and
assayed at last physical access during assembly. As possible
(access for assembly cxccptcd), “remove before flight”
covers were used to protect these surfaces if a
contamination access still existed and also to protect the
surface of the lander solar arrays, which had been dly heat
proccsscd and already assayed by proxy.

All ground support equipment and non-flight
hardware was clcancd to an cxpcctcd, but unverified,
cleanliness of about 300 spore/m2 by alcohol wiping.
Special attention was given to non-flight hardware that
came into contact with the lander or the acroshcll interior. A
spot assay on the lander ~vork stand at SA1IE’-2,where some
contamination could bc seen, did yield onc swab with 39
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spores and a verification swab (KSC) with 4 spores. This
was an cxccption not cxpcctcd to represent the cleanliness
of the work stands. In any event, contamination was vcly

unlikely to transfer from the work stand to unprotected
surfaces aflcr they were assayed for the burden at launch.

Assay Proccdurcs

in general, the procedures crnploycd to assay
surface burden were similar to the methods employed to
assay spores on the Viking lander before its terminal
sterilization. ‘l’he sampling technique employed both sterile
swabs and wipes (clean room cloths), dampened with

distilled water, Wipes were used preferentially on large flat
al-cas to obtain better statistics with fcwc]- microbiological
assays, ‘l’hemicrobiologic] assay procedure featured:
sonication ofthc sample with sterile distilled water, heat
shock (80° C for 20 minutes), and aerobic incubation (at
32° C for 3 days) in tlypticasc soy agar (rl’SA), ‘1’hcnumber

of spores was taken to be the number of colony-forming
units,18

l’hc calculated (mean) burden density 13then is
N/A~ (spore/m2), where N is the number of spores found
and A, is the area sampled, An upward correction was
nccessaly to account for the fraction of sonicatc actually
plated (.8 for the swabs and .25 for the wipes). It is
important to estimate a standard deviation 011for this mean
value so that a (larger) value can bc derived and associated
with a level of confidence (that the burden density on the
entire area AOwill not cxcccd the mean value of the assay),
ljor this puq>ose a second burden density value B~,X was
estimated at the .999 level of confidence (30}1or
cquiva]cnt), although the 1>1)requirement is not specific on
this point, ‘l’he variance in the burden density due to the
statistics ofthc fractional sampling and due to the
enumeration of the number of spores far cxcccds the
uncertainty in the “mcasurcmcnt” of the sampling area.
Thcrcforc, the latter contribution to 011was neglected,

‘1’wocircumstances must bc considered: the case
where the number of spores counted is small (~,cro or one);
and the case where the number of spores is greater than one.
F’or swabs, the first case was treated by Poisson statistics,
bccausc the probability pcr sample of a positive sample is
small and the total number of samples that could be kzket~ in

an area AOis large, I’hc l>oisson mean number of spores
(cxpcctcd) on AOis given by AdA~, ‘1’hcstandard deviation
of this mean is its square root, Thus for a group of swabs
used to samp]c an area AO,where the results were zero or
one spore,

01, = (l/AO){(AdA,) ot’ l//(AOitJ

As a vc]y conservative measure, although the mean burden

density is fo]mally zero for a group of swabs with zero
positives, its value was taken as l~onc spore had been
found. Uor wipes, the first case was treated by Gaussian

statistics, because the total number of samples that could be

tcdiett in AOis small (typically onc or two), The relatively
large fraction sampled is the advantage of wipe sampling.
‘l’he standard deviation of the mean burden density was
calculated directly, as though one spore was found (even if
none were). For convcnicncc and for a minor increase in
conscwatism19

OB z I/A,

was used instead ofthc previous formula, Thus for a single
standard .25 m2 wipe sample with either zero or one spore
found, ORis 16 spores/m2 (because of the ,25 pour
fraction!). l’or either swabs or wipes, the second case (T+])
was treated analogously to the wipe results as described
above, but with the actual number of spores found, For the
assumed Gaussian distribution in N, ONis dN. l’hus

OB = dN I A.

in all cases, 13n1&Ywas taken conservatively to be the folmal
mean plus 3 o~.

RESU1.TS20

‘J’hcresults of the MIT’ bioassays have shown that
alcohol wiping is an effective cleaning tcchniquc, that even
nonstandard heat processing is a useful microbial reduction

technique, and that the status assays were useful for early
ATI.0. “1’hcresults of intcnncdiatc status sampling and
bioassay of the surfaces have demonstrated clearly that such
cleaning is adequate to reduce spore burden density below
the 300 spores/m2 rcquircmcnt. l~or example, a lander petal
mockup in the fabrication shop assayed at 1600 and a non-

flight rover, 900 spores/m2. A cleaned flight petal per the
prc-ship assay was lCSSthan 40 spores/m2; the entire flight

rover after precision cleaning yielded only 3 spores (on
about 1 m2). INcn the occasional surface that was found to
be moderately contaminated during ATI,0 at KSC, such as
one side petal thcnnal blanket, which had a burden density
of 1.5x103 spores/m2 as insta]lcd (90 spores on one wipe),
snowed zero spot-es ou Q wipe assay after cleaning

(comparable to the other three sides).

‘J’hccalculated burden density and burden for the
MIT’ spacecraft at launch arc shown in ‘1’able 1. ‘fhc
average microbial spore burden density and the tot al
microbial spore burden on the accountable (’<exposed”)
surfaces at launch, were 12.4 + ,8 spores/n12 and 2.4x104+
,16x1 04 spores, rcspcctivcly, on an area of 1.9x1 03 m2. For
those accountable surfaces only (an area of about 321 m2)
that were clcancd by alcohol wiping and later assayed, the



Table 1. MI’F Assay Results Summaly

Surfaces Measured/lMimatcd Spore 13urdcn l)cnsily Spore Burden
(spores/m2) (spores)

All “};xposcd” Surfaccs21 I 12.4 +.8 I 2.4x104+ .16x104 II

All Assayed “}ixposcd” Surlaccs I 42.6+ 3.1 I I.37X104+ .IOX104 II

I Mcrior Surfaces Only22 I 34(30=191) I.3X103 ( 30 =7X103)

average microbial spore burden density was 42,6 + 3,1
spores/m 2“’three-sigrna” value 52 spores/m2). ‘fhc spore
density incrcascd bccausc ofthc exclusion of large surfaces
that were dly heat processed to vc]y small densities, The
average spore density for exterior surfaces only (cleaned by
alcohol wiping and later assayed) was 34 spores/m2, with a
‘lhrcc-sigma” value of 191 spores/m2 (on an area of about
38 m2), ‘l’his incrcasc in the “three-sigma” value from 52 to
191 sporcshn2 reflects the random ]-c-contamination of
relatively unprotected surfaces in the SAIH~-2 nominal class
100,000 clean room (which was operated in the class
10,000 range typically, with respect to partic]cs larger than
five micrometcl-s in siy.e).

‘1’hcscdata are based on 785 assay samples: 449
prc]iminaly and status samples, 269 final samples and 67
verification samp]cs. The latter samp]cs were taken for an
indcpcndcnt assay, The microbiology for the vcritication
samp]cs was pcrfonned by Rudy PUICand Norman Fields
(Bionctics Coq>oration) and otbcrs on the statTof tbc KSC
Microbiology 1,aboratoly.

CONCI,lJSIONS

As dctcrmincd by the procedures dcscribcd in this
paper, the “(hrcc-sigma” values for aerobic spore burden
density and the total aerobic spore burden on the
accountable (1)1)“exposed”) surfaces at launch, were 14.9
sporcshnz and 2.9x104 spores, respect ivcly, ‘fhcsc results

dcmcmstra[e the compliance of the Mars l>athfmdcr l)rojcct
with the p]anctaly protection requirements on
microbiological cleanliness.2~

13ccausc of the basis for the new planctaly
protection regulations for Mars ]andcd missions, a
comparison with the analogous rcsul~s for the Viking
(1975) 1,andcr exterior surfaces prior to the 1,andcr’s
terminal sterilization process is of interest, The comparison
is favorable for Ml>];. ‘1’hcaverage aerobic burden density
for the cxtcmal surfaces of the Mt}]: ] ,andcr (and the
acroshcll) that were not dly heat proccsscd was 34
spores/m2, with a “three sigma value” of191. The (aerobic)
spore burden density ranged from 22 to 230 spores/m2 on
the Viking 1,andcrs’ exterior surfaccs24.

‘1’hcscresults also demonstrate that the approach
taken by the Mars Pathfinder Project is sutllcient in general
to meet the NASA planctaly protection rcquircmcnts for a
Mars landed mission, As intended by the writers of the
specific regulations, any NASA Mars landed mission may
comply by reasonable proccdurcs: alcohol wipe cleaning,
sclcctcd d]y heat microbial rcduct ion of large surface area

assemblies prior to spacecraft integration, and a rigorous,
but not unusual, spacecraft contamination control program.
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