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PPOSS - Planetary Protection of Outer Solar System 

Scientific challenges and assessment of scientific planetary 

protection of outer solar system 

Biological and Organic Contamination Prevention Workshops 

 Overview 

While significant effort has been and is being provided to address planetary 

protection in the context of inner solar system exploration, and in particular Mars, 

the PPOSS project supported by the European Commission H2020 programme 

(Grant Agreement 687373) will tackle the scientific, technological and policy-making 

specifics of planetary protection (biological and organic contamination) with a focus 

on outer solar system bodies. 

With the mounting evidence about the presence of liquid water in the outer so-

lar system, the number of known potential habitable environment increases, as a 

consequence, the issue of contaminating these environments is more and more im-

portant and relevant. There are currently six ongoing missions to the outer solar sys-

tem and small bodies and the main space agencies are currently planning several 

exploration missions to the outer solar system, (in particular asteroids and the Jovian 

system).  

Planetary protection has mainly focused on and is mostly articulated around biological contamina-

tion, although COSPAR’s policy also recommends organic inventories of all impacting or landed space-

craft or spacecraft-components, for quantities exceeding 1 kg. COSPAR’s Panel on Planetary Protection 

adopted an extended, but simplified, version of a procedure previously recommended by the National 

Council for Research, namely to divide for analysis the icy bodies of the outer solar system into three 

groups:  

(1) A large group of objects, including small icy bodies, which were judged to have only a ‘remote’ 

chance of contamination by spacecraft missions of all types.  

(2) A group consisting of Ganymede,  Callisto, Titan, Triton, Pluto/Charon and those Kuiper belt objects 

with diameters greater than one half that of Pluto, that were also thought to pose a ‘remote’ concern 

for contamination, provided that the implementers of a specific spacecraft mission could demon-

strate consistency with COSPAR’s 10-4 criterion.  

(3) A group/pair consisting of Europa and Enceladus that were believed to have a ‘significant’ chance of 

contamination by spacecraft missions. 

The ‘significant’ chance of contamination referred to in (3) requires the implementation of significant 

measures (including bioburden reduction), during flybys as well as for orbiter and lander missions aimed 

at reducing the probability of inadvertent contamination of bodies of water beneath the surfaces of these 

objects to < 1 x 10-4 per mission. COSPAR’s policy has developed category III/IV/IV requirements for Eu-

ropa missions, with category V missions encompassing the highest degree of concern and being classified 

as “restricted Earth return”. Such requirements will have to be refined in upcoming years.  

For small solar system bodies, category requirements demand a case-by-case analysis and further 

elaboration of requirements are anticipated. Sample return missions to small bodies need to address a set 

of six questions to evaluate potential habitability, and for Category V “restricted Earth return” missions, a 

set of requirements have to be met. 
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PPOSS Workshops 

Scientific requirements and challenges raised by planetary protection of outer solar system bodies 

are at the core or the PPOSS project and these topics will be tackled through 2 workshops focused on 

biological (23-25 January 2017) and organic contamination (25-27 January 2017), respectively. In this 

context, the project will dig into these aspects in the general context of the current and foreseeable 

programmatic landscape. This effort will consider critical issues raised by planetary protection: avoid-

ing the contamination of outer solar system bodies with Earth organisms and organics to preserve ac-

tual and future missions/payload from false positive (detection of microbes, biomarkers and/or organ-

ics actually coming from Earth). 

A key element that will be also considered are implementation aspects, in particular review the 

requirements of particles, liquids and molecular contamination level for materials and components, to 

be tailored to specific programmes, review the selection of cleaning processes, assess cleaning design, 

budgeting the contamination (for microorganisms) and review procedures of packing, storage and 

transport of materials and components to prevent recontamination.  

Based on scientific objectives of exploration missions, as well as case studies and two dedicated 

workshops with clear defined guidelines, brainstorming, discussion and consensus sessions, PPOSS 

will define clear and specific requirements for sciences well as propose research goals, and suggest 

activities to reach these goals. These will be formalized into a Research White Book that will be availa-

ble end 2017. 
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Key questions: bioburden and poorly known parameters 

The approach adopted by COSPAR for determining compliance with its 10-4 standard criterion for 

missions targeted to Europa (and Enceladus), and to a lesser extent for mission to Ganymede (including 

also Titan, Callisto, Triton, Pluto/Charon and large Kuiper belt objects), involves the multiplication of 

conservatively estimated, but as yet poorly known, parameters, e.g. bioburden and biodiversity of mi-

croorganism on the spacecraft at launch, cruise survival for contaminating organisms, organism surviv-

al in the radiation environment adjacent to Europa, the mechanisms and timescales of transport to the 

europan subsurface, organism survival and proliferation before, during, and after subsurface transfer. 

In this workshop the scientific investigations which are a prerequisite for estimating the unknown val-

ues of these parameters will be identified and recommendations for future research and development 

will be formulated.  

For the workshop preparation relevant literature as well as a questionnaire will be distributed to 

the participants and the workshop will be moderated following the topics addressed in the question-

naire by a chair and a rapporteur. 

 

Expected outcome 

The outcome of this workshop will be the basis for science and policy recommendations for the defi-

nition, improvement, and implementation of an adequate planetary protection policy for outer solar 

system bodies in relation to biological contamination. 

Biological Contamination Prevention of Outer Solar System Bodies 

23-25 January 2017 

Within the current planetary protection framework, very specific challenges raised 

by biological contamination of outer solar system bodies are tightly linked with the po-

tential for an Earth organism to survive and replicate in an environment that would be 

habitable for it (forward contamination). In this context, Mars Special Regions are highly 

relevant for the PPOSS project. Moreover, the issue of backward contamination in the 

case of returning samples from potentially habited outer solar system bodies will also be 

considered.  

These two elements, among others, will be addressed through background research 

and a dedicated expert workshop (between 13-15 international participants). Experts 

from different disciplines will be invited to discuss about the environmental conditions 

on icy moons and other outer solar system bodies, the geological processes restructuring 

the icy moons’ surfaces and the effects of these environmental parameters on Earth or-

ganisms with respect to their capability to survive and to replicate.  
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Key questions: contamination levels, mechanisms and icy moon environment 

Effective and confident organic detection requires a high level of organic cleanliness, a 

full appreciation of any potential contamination and the ability to distinguish contami-

nation from indigenous extraterrestrial materials. Exemplars of good organic contami-

nation control are available from a number of past organic detection missions, such as  

those to Mars, but the icy moons present their own challenges. For the icy moon envi-

ronment considerations include i) the maximum allowed contamination levels at 

launch, ii) the potential mechanisms by which organic contamination may be intro-

duced from the spacecraft, especially because of the long mission durations, and its in-

struments and sampling systems and iii) the confounding influences for contaminant 

recognition owing to the icy moon environment, such as irradiation, oxidation, hydroly-

sis, etc.  

For the workshop preparation relevant literature as well as a questionnaire will be dis-

tributed to the participants and the workshop will be moderated following the topics 

addressed in the questionnaire by a chair and a rapporteur. 

Organic Contamination Prevention of Outer Solar System Bodies 

25-27 January 2017 

Organic contamination is a significant issue and a struggle for most space explora-

tion missions. The critical aspect concerning this topic is to preserve the validity of 

measurements and experiments performed remotely, in situ or in the lab (in the case of 

sample return missions). Thus, considerations for organic contamination should relate 

to both organic contamination from the Earth environment and contamination due to 

spacecraft emissions. 

These elements, among others, will be addressed through background research and a 

dedicated expert workshop (between 13-15 international participants), where we will 

identify and document scientific challenges and knowledge gaps related to organic con-

tamination.  
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Expected outcome 

The outcome of this workshop will be the basis for science and policy recommendations for the defi-

nition, improvement, and implementation of an adequate planetary protection policy for outer solar 

system bodies in relation to organic contamination. 




