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A CASE FOR STERILE SAMPLE RETURN FROM MARS: ALTERNATIVE TO 
QUARANTINE; J. H. Allton, Lockheed Engineering and Sciences Company, 2400 NASA Rd. 
1, Houston, TX 77058 

Summary: The quarantine of returned planetary samples to prevent back contamination 
is costly, incompatible with good sample curation practice, and would delay sample return due to 
political considerations. Present day public debate almost assures a lengthy and expensive 
quarantine. However, sterilization of the returned sample would eliminate the need for 
quarantine. Important geoscience information can still be retained in the samples by use of dry 
heat, radiation or thermoradiation. The choice may actually be between returning a sterilized 
sample or returning no sample at all. 

Drawbacks to Quarantine: The Apollo quarantine of lunar samples illustrates the 
political complexity and loss of science focus that may happen when quarantine is enacted. 
What was initially conceived as a small 10 m2 laboratory, in which sample containers could be 
opened and repackaged under high vacuum for distribution to scientists, grew into a large state- 
of-the-art facility focused on quarantine testing of samples, not sample protection. After the 
Space Science Board raised the question of quarantine in 1965, the Interagency Committee on 
Back Contamination was formed as a policy-making board for quarantine issues. ICBC 
members represented US Public Health Service, NASA, Dept. of the Interior, Dept. of 
Agriculture and the National Academy of Sciences [I]. 

The Lunar Receiving Laboratory (8000 m2), specialized quarantine equipment 
development and construction, and operating costs for 2 years totaled $24M [2]. And yet, the 
LRL was not suitable for examining, storing or protecting the incoming lunar samples. For 
example, sterilization dunk tanks of peracetic acid or sodium hypochlorite were commonly 
located near sample handling operations. The Preliminary Examination Team found it 
impossible to properly examine rocks within the cabinets. So, selected samples were sterilized 
by dry heat and removed from the cabinets to be studied on a benchtop. As soon as the Apollo 
17 Preliminary Examination concluded, lunar samples were moved to another facility, more 
conducive to good sample care. 

Potential expenses associated with quarantine are illustrated by the orbiting quarantine 
facility concept described in the Antaeus Report [3,4]. This well-thought out idea and other 
detailed protocols [5-81 also focus only on quarantine, not sample science. Problems with 
Apollo sample container sealing and vacuum sample handling technology are reminders that the 
technical problems are not easily solved and that resources saved by eliminating quarantine could 
be used for this purpose. 

Another drawback to returning an unsterilized sample is enhanced lengthy political 
debate. Scientists' attitudes toward Mars sample back contamination risk vary greatly, and have 
been widely debated [9-121. Scientists on this statistical battlefield will be joined by legal and 
more risk-averse public participants playing by different, more subjective rules. "Social 
concerns that were dormant during Apollo and Viking are likely to complicate mission planning, 
and, in the worst case, become significant mission impediments" [13]. 

Geoscience from Sterilized Samples: In 1974 selected planetary geology experts were 
asked to describe effects on their science investigations by sterilization, both wet and dry, at a) 
150" C for 1 month, b) 200-250" C for 1 week, c) 300"-350" C for 1 day or d) heating to 
incandescence for a very short time. Responses were based on information-in-hand and were 
considered preliminary. Lower-temperature, longer-time dry heat methods with the ability to 
capture any evolved gases were generally preferred. Temperatures for which loss of chemical 
information was thought to occur were: primary minerals >700" C, clays and hydrous alteration 
products > 5 0 °  C, decarbonation of Ca-Mg carbonates >400" C, dehydration of clays and loss of 
sulfur 200"-300" C, dehydration of evaporites 100"-150" C. Major loss of information at low 
temperatures ( 4 0 0 "  C) was predicted for surface properties, gas interaction studies and redox 
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potential, unfortunately, some of the most intriguing aspects of Martian samples. Most age- 
dating techniques were thought to be unaffected up to moderate heating (250"-350" C) [14]. 

Martian sample study focus has changed in 20 years toward concentration on weathering 
products. In 1987 a new survey asked what degree of degradation could be tolerated without loss 
of scientific information [15]. Respondents expressed concern over loss of water and COz and 
oxidation state changes during sterilization heat treatment. 

Other methods of sterilization even allow some biologic properties to survive. In 
attempting to define the effect of sterilization on the scientific value of samples, DeVincenzi [16] 
found little effect on amino acid racemization and preservation of cell structure when samples are 
sterilized with 106 to 107 rad T o  radiation. 

Use of radiation to sterilize Martian samples was also proposed by Allen [17] citing data 
on sterilization dosage from the food industry and data on radiation alteration of geologic 
materials derived from the nuclear waste storage industry: Complete sterilization of food with 
gamma radiation is achieved with an adsorbed dose of 106 rad. In various experiments effects of 
lo7 to 101° rad doses of 60Co to feldspars, quartz, smectites, other clay minerals, salts and ground 
water in equilibrium with basalt were described. Allen concluded that lo6 rad sterilization doses 
are benign to silicate minerals. 

Synergistic effects of combining dry heat with radiation allow microbial destruction at 
lower temperatures and lower dose rates. Sivinski and Reynolds [18] demonstrated good results 
in the 105" to 125" C temperature range and lo3 to lo4 rad dose range. Other microbial 
sterilization techniques worthy of a preliminary study may include application of radioactive 
gases or microwaves [19,20]. 

Samples dry-heat-sterilized at the lower temperatures would still retain information about 
planetary composition, planetary formation and geologic time scale. Information about climate 
history and biologic history would be uncertain. 

Perhaps a key test of sample worth after sterilization is whether SNCs could be verified 
as Martian samples [21]. If trace elements and silicate oxygen isotopes remain intact through 
sterilization and the SNCs are confirmed as Martian, the returned sample would validate 10 other 
samples weighing 73 kg from which information on climate and surface conditions has been 
extracted. The capability to age date rocks would calibrate the crater chronology. These 
measurements are not likely to be degraded by sterilization. 

If planetary protection policy assumes that "Martian samples will be considered 
biologically hazardous until proven otherwise" [22], rigorous quarantine will be attempted. 
Perhaps sterilization is a more practical alternative. 
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