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Introduction:  Deep Space Gateway (DSG) envi-

ronments provide an opportunity to address planetary 
protection knowledge gaps that will feed forward into 
architecture concepts for surface operations at Mars 
and for deep space travel, particularly concerning the 
return of astronauts to Earth after visiting the martian 
surface.  

Spacefaring nations have, since the earliest years of 
the space programs and as reinforced by the Outer 
Space Treaty (OST) in 1967 [1], committed to protect-
ing solar system objects from harmful contamination 
carried by interplanetary spacecraft. One result has 
been that the scientific investigation of extraterrestrial 
targets can be performed without the threat of being 
compromised by terrestrial biological contaminants. As 
we consider the potential of future sample return mis-
sions, especially those involving human crew, the other 
significant role of planetary protection comes to the 
fore (also reinforced by the OST); that of protecting the 
Earth (the biosphere on which we all depend) from the 
potential release of an extraterrestrial biohazard present 
in a returned martian sample.  

Planetary protection policies to achieve these pro-
tection goals are relatively mature for missions per-
forming robotic exploration of Mars. Over time they 
have been informed and refined, reflecting our increas-
ing knowledge about the martian environment from 
successive orbiter and lander missions, as well as our 
growing understanding of the limits and capabilities of 
terrestrial life on Earth.  However, when considering 
the future human exploration of Mars, it is clear that 
the fixed “at launch” bioburden requirements histori-
cally applied to robotic missions are not readily trans-
ferable to a crewed mission, where the combined mi-
crobiomes of the astronauts and their habitat exceed the 
currently permitted spore levels for a robotic explorer 
by many orders of magnitude. Nonetheless, for a hu-
man mission to Mars to be undertaken successfully, 
prevention of harmful contamination and the loss of 
integrity of martian science become all the more im-
portant, while the safeguarding of Earth from potential 
backward contamination continues to be the highest 
priority. 

The continuing and as yet unresolved challenge for 
the international space exploration community is to 
determine how such harmful contamination is to be 
prevented in future space exploration missions. The 
recent (2016) COSPAR workshop on Refining Plane-

tary Protection Requirements for Human Missions is 
part of that narrative, evaluating recent efforts, activi-
ties and the state of the art in the context of current 
COSPAR Planetary Protection Policy [2], collecting 
inputs and identifying and prioritizing knowledge gaps 
on the path to establishing numerical requirements 
against which a crewed mission concept can be de-
signed and validated.  

In this context, the DSG vehicle provides a plat-
form for planetary protection investigations that could 
be performed to inform the planetary protection re-
quirements development process. This includes exper-
iments performed on the inside of the vehicle, to im-
prove understanding of interactions between microbes 
and human habitats operating outside LEO; and on 
payloads located outside, to improve understanding of 
microbe-hardware interactions when organisms and 
organic materials are exposed to the space environ-
ment.   

 
Scope of Studies for Planetary Protection:  Pro-

posed studies could include: 
• Studies for evaluating microbial responses to 

the deep space environment: For example, microgravi-
ty; long duration vacuum exposure; radiation exposure; 
UV exposure; and combinations of these exposures not 
possible in the LEO environment, to develop and con-
firm post-launch microbial reduction approaches and 
refine planetary protection constraints at Mars. 

• Assessing performance of advanced life sup-
port and EVA systems: These, together with relevant 
robotic operations, need to be assessed with respect to 
microbial cleanliness for ‘feed-forward’ regarding con-
taminants in habitats, transfer vehicles, and planetary 
surface systems development. 

• Monitoring changes in microbial characteris-
tics: Such changes need to be assessed from ‘As 
launched’ through ‘As returned back to Earth’ condi-
tions, to inform assessments of human support systems 
and astronaut health during long-duration spaceflight 
before (and eventually after) exposure to other plane-
tary materials, and to assess population dynamics and 
planetary protection implementation approaches and 
processes. 

 
Closure of Knowledge Gaps: The knowledge gaps 

identified by recent COSPAR and NASA workshops 
concerning planetary protection for crewed missions 
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fell into three categories; microbial and human health 
monitoring, technology and operations for contamina-
tion control, and natural transport of contamination. 

Of these, a significant fraction could be addressed 
by these studies on the DSG, including in the area of in 
space human health monitoring, where development of 
sampling collection and analysis technologies and pro-
cedures need to be developed together with diagnosis 
and treatment options. Also required is to understand 
and manage the astronaut and vehicle environmental 
microbial populations during long term flight in deep 
space, needing for example ECLSS-compatible low 
toxicity disinfectants and prevention of biofilm induced 
corrosion/fouling.  

In the area of technology and operations, the DSG 
is a suitable venue for proving technologies needed for 
safe cleaning, sterilization and decontamination, as 
well as for acceptable containment and venting capabil-
ities, procedures and protocols for living spaces and 
EVA systems (although some of these aspects could 
also be performed in LEO). 

Finally, to the extent that elements the DSG system 
architectures are similar to those of potential surface  
systems, they have the potential to inform researchers 
on what will leak and/or vent out of pressurized con-
tainers or human facilities, including information on 
the leak rate, size, biological diversity, organic mole-
cules, cells, etc. of material vented during operations, 
and will potentially assist in establishment of accepta-
ble contamination generation rates/thresholds for hu-
man landing/habitation sites and mobile-crewed sys-
tems (pressurized vehicle or suited crew). 

 
Accommodation of Planetary Protection Stud-

ies: It is anticipated that these studies could be accom-
modated within planned capabilities for the DSG, with 
limited resources in terms of volume, mass and power, 
particularly if there is the capability to deploy investi-
gations (robotically or by crew) to an external DSG 
location. These studies would provide significant bene-
fit in terms of utilizing the DSG in both crewed and 
uncrewed mode to retire planetary protection risk for 
future surface operation at the martian surface. This 
abstract is presented as one of a series originating in 
discussions within the NASA Life Science Research 
Capabilities Team. 
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