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Introduction:  The role of NASA curation is to 

store and distribute NASA’s extraterrestrial sample col-
lections including lunar samples from the Apollo and 
Luna missions, meteorites, asteroid and cometary mate-
rial, and implanted atoms of solar wind. In the next 5 to 
10 years it is likely that NASA curation will receive 
samples that necessitate novel curation methods to pre-
serve sample integrity and protect human researchers. 
For example, samples returned from a comet or the lu-
nar surface may require cold storage and may be ad-
versely impacted by thermal and physical stresses that 
accumulate during or after entry into Earth’s atmos-
phere. Furthermore, planetary protection requirements 
for Mars sample return will necessitate a sample transfer 
somewhere in orbit in order to, “Break the chain of con-
tact with Mars,” and ensure biological containment [1]. 
The DSG (Deep Space Gateway) is an ideal place to test 
advanced curation concepts like cold curation and bio-
containment/sample transfer in micro-gravity since it 
will be a likely transfer point for samples collected on 
the lunar surface and/or returned from the upcoming 
Mars 2020 mission. Additionally, it may be possible to 
conduct some preliminary analyses on returned samples 
at the DSG that would not be possible after those sam-
ples have been altered by the heat and gravitational 
stresses associated with entry into Earth’s atmosphere. 

Cold Curation: NASA curation is developing 
methods for curating volatile-rich samples on Earth, but 
these methods should be extended to a micro-gravity en-
vironment. Samples collected from permanently shad-
owed regions at the lunar poles are likely to contain vol-
atile compounds including water-ice that are tempera-
ture sensitive [2]. Furthermore, the DSG could be used 
as an orbital platform from which to collect meteoroid 
and/or cosmic dust samples before they are impacted by 
Earth’s atmosphere. The DSG could provide opportuni-
ties to collect micrometeoroids and cosmic dust via pas-
sive collectors such as low-density aerogel or foil tar-
gets; these collectors can be deployed during periods in 
which the Earth is known to intersect cometary dust 
streams. Unlike collectors in low Earth orbit, these 
would be comparatively free from orbital debris con-
tamination. The Deep Space Gateway may also provide 
a test platform for experimental active dust collection 
methods, such as electromagnetic deceleration. In order 
to limit the loss of volatile compounds from these sam-
ples they will need to be maintained at temperatures as 
close as possible to those under which they would be 
collected (-196 to -80°C). If the DSG is to be used as an 

orbital laboratory or even a sample transfer point it will 
be important to have these cold-curation techniques 
tested and validated. Lunar and cometary volatile simu-
lants, currently under development by NASA curation, 
could be created on Earth and curated on the DSG. Pe-
riodic analysis of the DSG samples in orbit could be 
compared to the corresponding samples stored on Earth. 
This parallel set of analyses would allow the effective-
ness of cold curation techniques in both environments 
to be evaluated and improved. A rudimentary analytical 
suite will be required on the DSG to characterize the 
physiochemical properties of the volatile-rich samples 
prior to subjecting them to the stresses of reentry. This 
analytical suite could include facilities for visible mi-
croscopy and chemical analysis similar to those tested 
during the Desert Rats program [4]. Other non-destruc-
tive techniques for sample analysis such as visible, near-
infrared, and mid-infrared spectroscopy should also be 
considered. An instrument capable of high sensitivity 
chemical analysis, like a mass spectrometer, should also 
be included  

Mars Sample Return: A crewed platform such as 
DSG would provide an opportunity to replicate the 
Mars-Earth transit portion of a Mars sample return 
(MSR) mission. The purpose of this experiment would 
be to replicate the stage of Mars sample return where 
samples are launched from Mars, travel to Earth, and 
undergo Earth atmospheric entry and landing. This pro-
cess will expose MSR samples to vibration, various 
forces associated with launch and landing, and exposure 
to an interplanetary radiation environment which will 
impart some measure of alteration to any organic and 
mineral species in the samples. Constraining and quan-
tifying these effects would reduce risk for meeting MSR 
science goals and would provide valuable Contamina-
tion Knowledge (CK) data to the scientific community. 
This endeavor would be performed by launching an 
MSR sample suite simulant to the DSG, exposing it to 
the temperature range and approximate radiation expo-
sure time concordant with a Mars-Earth transit. The 
samples will experience a launch from Earth and Earth 
atmospheric entry as an analogue to the Mars-Earth 
launch and landing events. The samples would be ex-
amined afterwards by 3D tomography to ascertain 
movement and physical alteration of the samples, and 
organic chemistry analyses designed to characterize and 
quantify chemical alteration. 

Biocontainment: The Mars 2020 rover will be col-
lecting samples and caching them with the intent that 
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they be returned to Earth by a separate undetermined 
mission. Planetary Protection directives state that any 
sample returned from Mars must, “be contained and 
treated as potentially hazardous until demonstrated oth-
erwise.”[1]. This includes a prohibition against allowing 
unsterilized hardware that has directly contacted the 
Martian surface or atmosphere to return to Earth without 
sterilization [1]. The DSG provides a venue to address 
these requirements. Sample containers returned from 
Mars could be quarantined at the DSG for preliminary 
study and transferred to clean and sterile containers. In-
itially, return samples from Mars will need to be strictly 
isolated from their environment, and BSL 4 require-
ments will be required. Current containment facilities 
onboard the International Space Station (ISS) are only 
certified for BSL 2 type containment [3]. It will be nec-
essary to test our ability to maintain quarantine in a mi-
crogravity environment prior to initiating Mars sample 
return. Furthermore, in the case of a Mars sample return 
or other Category 5 Restricted Earth Return missions, it 
is important that the containment and initial evaluations 
take place outside low earth orbit to minimize the risk 
to Earth.  

Toxicology: The biocontainment facilities could 
also be used to conduct toxicological assessments of ex-
traterrestrial dust on human health. The DSG allows for 
two complementary types of toxicological approaches: 
defensive and proactive. The defensive studies will oc-
cur concomitantly with the biocontainment of Category 
5 Restricted Earth Return campaigns. Given the risk of 
unknown pathogens or unforeseen hazards, it is im-
portant to perform at least a preliminary evaluation of 
the toxicity of the extraterrestrial dust before it is 
brought back to Earth. Proactive studies will utilize the 
proximity to the Moon to evaluate the importance of 
capturing the innate surface reactivity when performing 
dust toxicity testing. Access to pristine dust samples will 
allow for the most representative materials to be evalu-
ated. Not only will this allow for more accurate toxico-
logical evaluations of lunar dust but it will also elucidate 
the role of innate reactive surfaces in causing inflamma-
tion and disease, relative to passivated dust. The results 
can then be used to extrapolate the toxicity of other ex-
traterrestrial dusts for which we only have passivated or 
“re-activated” samples. This knowledge will be vital 
when performing risk assessments based on returned 
samples and could be vital to mitigating astronaut risk 
during surface operations.    

Conclusion: The DSG represents a new opportunity 
to collect samples of pristine astromaterials that have 
never been subjected to the thermal and physical 
stresses associated with entry into the Earth’s atmos-
phere. These samples would enable new scientific re-
search and provide a deeper understanding of the effects 

of the microgravity environment on physical and chem-
ical properties. Furthermore, the inclusion of facilities 
to test cold curation, biocontainment, and toxicological 
concepts on the DSG would allow the DSG to serve as 
a hub for return sample science.  
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