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Planetary protection is crucial in space exploration, safeguarding 
both the integrity of extraterrestrial life investigations and 

Earth’s biosphere from potentially hazardous extraterrestrial 
material. Current protocols emphasize bioburden reduction and 

contamination control, requiring rigorous sterilization and 
detection in cleanroom.

This talk will review these established standards, pinpointing 
gaps and exploring how advanced molecular techniques, such as 

metagenomics, can enhance planetary protection standards. 
Through examples from recent space missions, we will discuss 

practical applications and assess the potential of new 
biological tools in this field.



COSPAR 

(Committee on Space 
Research)

Planetary 
Protection Policy 
(PPP): is an 
international 
voluntary and 
non-legally 
binding standard

https://cosparhq.cnes.fr/scientific-structure/panels/panel-on-planetary-protection-ppp/
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Entered into force, Oct. 10th 1967; ~100 signatories

The treaties



COSPAR Planetary Protection Policy

• The conduct of scientific 
investigations of possible 

extraterrestrial life forms, 
precursors, and remnants must 

no be jeopardized.

• The Earth must be protected 
from the potential hazard posed 
by extraterrestrial matter carried 

by a spacecraft returning from 
an interplanetary mission. 

• Therefore, for certain space mission/target planet combinations, 
controls on contamination shall be imposed in accordance with 

issues implementing this policy.

So.. .what is planetary protection? Is the policy and the technical implementations 
to prevent forward and backward contamination



Planetary Protection

Avoiding cross-contamination of biospheres
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https://ecss.nl



European Cooperation for Space Standarization (ECSS)
https://ecss.nl



• Planetary Protection 

• STANDARD
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ECSS-S-ST-00-01: ECSS System 

Glossary of terms 
ECSS-Q-ST-10-09: Space product assurance

 Non-conformance control system
ECSS-Q-ST-40: Space product assurance

 Safety
ECSS-Q-ST-70-01: Space product assurance

 Cleanliness and contamination control
ECSS-Q-ST-70-53: Space product assurance – 

Materials and hardware compatibility tests for sterilization processes 
ECSS-Q-ST-70-55: Space product assurance – 

Microbial examination of flight hardware and cleanrooms  
ECSS-Q-ST-70-56: Space product assurance – 

Vapour phase bioburden reduction of flight hardware  
ECSS-Q-ST-70-57:Space product assurance – 

Dry heat bioburden reduction of flight hardware  
ECSS-Q-ST-70-58: Space product assurance – 

Bioburden control of cleanrooms 
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Credit: ExoMars rover ESA.
Airbus Space, Stevenage (UK), Airbus, Toulouse (France) and Thales Alenia Space, 

Cannes (France)
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• Requirements to 
carry a total of no 
more than 300,000 
bacterial spores on 
any surface from 
which the spores 
could get into the 
martian 
environment.

Credit: NASA, Mars Exploration Rovers
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Credit NASA, JPL-Caltech. InSight Lander. Solar Panels and Planetary Protection
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The bit carousel, which lies at the heart 
of Sample Caching System of NASA's 
Mars 2020 mission, is attached to the 
front end of the rover in the Spacecraft 
Assembly Facility's High Bay 1 at the Jet 
Propulsion Laboratory in Pasadena, 
California. The carousel contains all of 
the tools the coring drill uses to sample 
the Martian surface and is the gateway 
for the samples to move into the rover 
for assessment and processing.

Credit NASA, Sample Caching System (carousel) in the Mars 2020 rover
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Credit: https://www.cleanroom-industries.com/index.php/resources/cleanroom-hepa-filters-
specifications/298

Clean Room and HEPA filtersHEPA filters, as defined by the United States 
Department of Energy (DOE) standard adopted 
by most American industries, remove at least 
99.97% of airborne particles 0.3 micrometers 
(µm) in diameter.  The filter's minimal 
resistance to airflow, or pressure drop, is 
usually specified around 300 pascals (0.044 psi) 
at its nominal flow rate. The specification 
usually used in the European Union is the 
European Norm EN 1822:2009.

Clean rooms usually have a small over 
pressure. 
Particle Counters are used to certify the ISO of 
a clean room.

Clean rooms require the use of special 
protective garment.

Clean rooms are used for assembly of 
electronic/optic components, pharmaceutical 
and food industry, microbiology environments, 
and space technology assembly. 
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Credit: AI generated. TheDigitalArtist
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ECSS-Q-ST-70-58C Bioburden control of 
cleanrooms

• The objective of this Standard is to ensure that the proper procedures to control the 
microbiological contamination in controlled environments are in place to meet the planetary 
protection constraints.

• aseptic state of being free from all living microorganisms (i.e. free of bioburden)  NOTE In 
practice, it is usually described as a probability.

• biobarrier(s) barrier surrounding an item which prevents biological recontamination subsequent 
to microbial reduction procedures

• bioburden quantity of viable microorganisms measured with a specified assay

• bioburden reduction process or processes used to reduce the viable microbial population on an 
item to an acceptable limit

• controlled environment defined zone in which contamination is controlled by specified means.

• sporicide substance capable of destroying bacterial spores

• sterilization validated process used to render product free from viable micro‐organisms  (ISO 
11139)
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• The Planetary Protection of Outer Solar System (PPOSS) Project

• The PPOSS project Coordination and Support Action has received funding from the European Commission’s H2020 Program (2016 -2018) under grant agreement 
687373.  -- pdf in EU portal

• http://pposs.org

http://pposs.org/


ECSS-Q-ST-70-57C Dry heat bioburden 
reduction for flight hardware

Several days at 125°C. ExoMars Parachute 
Credit ESA. ExoMars 2022 and Planetary Protection.

It is at least 10 000 times cleaner than your smartphone 
(4-log reduction)
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The parachute was heated in an oven at 125°C 

for several days to kill any microbes. The oven is 

part of ESA’s Life, Physical Sciences and Life 

Support Laboratory, a state-of-the-art facility in 

the Netherlands. The Laboratory has also 
cleaned ExoMars instruments and subsystems, 

but this second stage parachute is the largest 

item to be sterilised.

The dry heat steriliser is in the ‘ISO Class 1’ 

cleanroom, one of the cleanest places in 
Europe. All air passes through a two-stage filter 

ensuring less than 10 dust particles no larger 

than 10 millionth of a metre, or less than the size 

of the coronavirus.

Credit ESA/ Parachute. ExoMars 2022 and Planetary Protection
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http://www.esa.int/Our_Activities/Space_Engineering_Technology/Life_Physical_Sciences_and_Life_Support_Laboratory
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ECSS-Q-ST-70-55C Microbial 
examination of flight 
hardware and cleanrooms

• The following test methods are described:

• Surface and air sampling and detection of biological 
contaminants with swabs, wipes, contact plates and air 
samplers, followed by cultivation for bioburden 
determination

• Sampling of biological contaminants by DNA analysis from 
swabs and wipes. The test methods described in this 
standard apply to controlling the microbiological 
contamination on all manned and unmanned spacecraft, 
launchers, payloads, experiments, ground support 
equipment, and cleanrooms with planetary protection 
constraints



Notes

• Surfaces with an area of maximal 25 cm2 shall be sampled with swabs and surfaces with 
an area of maximal 1 m2 shall be sampled with wipes NOTE: Multiple swabs and wipes 
can be used to sample a larger surface area 

• Bioburden shall be determined with assays for quantification of aerobic mesophilic 
bacteria NOTE: This sampling is only appropriate for materials and material combinations 
(e.g. electrochemical compatibility, see ECSS‐Q‐ST‐70‐71) that can tolerate sample 
collection using damp materials
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Credit ESA/ Baikonur. Schiaparelli and Planetary Protection

Taking microbiological samples from 
Schiaparelli, inside the portable 
cleanroom tent, at Baikonur.Credit: ESA

Credit ESA/ Noordwijk. Schiaparelli. 

Final assays of ExoMars 2016 Descent Camera 

flight unit, provided by the ESA Scientific Support 

Office, in ESA’s bioburden-controlled Life and 

Physical Sciences, Exploration and Life Support 
Laboratory.



HABIT, ExoMars Surface 
Platform (ESA/IKI)

Credits: Thasshwin Mathanlal, Miracle Israel Nazarious, Abhilash Vakkada 
Ramachandran, Maria-Paz Zorzano, Javier Martin-Torres, Petra Rettberg, 

2020, Implementing bioburden reduction and control on the deliquescent hydrogel 
of the HABIT/ExoMars 2020 instrument, Acta Astronautica. DOI: 
10.1016/j.actaastro.2020.04.030

https://doi.org/10.1016/j.actaastro.2020.04.030
https://doi.org/10.1016/j.actaastro.2020.04.030


Credits: Thasshwin Mathanlal, Miracle Israel Nazarious, Abhilash Vakkada Ramachandran, Maria-Paz Zorzano, Javier Martin-Torres, Petra Rettberg, 
2020, Implementing bioburden reduction and control on the deliquescent hydrogel of the HABIT/ExoMars 2020 instrument, Acta Astronautica. DOI: 

10.1016/j.actaastro.2020.04.030
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• The Planetary Protection of Outer Solar System (PPOSS) Project

• The PPOSS project Coordination and Support Action has received funding from the European Commission’s H2020 Program (2016 -2018) under grant agreement 
687373.  -- pdf in EU portal

• http://pposs.org

http://pposs.org/


Planetary protection
 metagenomics research

ROBOTIC 
MISSIONS:
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Sterilization Sampling Quantification

Extremophile 
characterization 

(who, where 
and why?)



Planetary protection protocols for space 
exploration: a practical introduction

Credit: AI generated. TheDigitalArtist

How can metagenomic methods be useful in the 
lowest possible biomass limit?
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➢ Microorganisms are everywhere and are smaller than 1 μm.
➢ They can survive extremely harsh conditions and some of them 

can form spores which are resistant to many physical and 
chemical stressors.

➢ Most microbial contaminants in spacecraft assembly 
cleanrooms are human associated.

➢ Current culture-based approaches are biased and insufficient 
for future exploration targets and missions: only about 1% of 
all microorganisms are cultivable in a laboratory!! And we use 
petri dishes with agar to grow colonies and use them as a proxy 
to monitor the other remaining 99%.

➢ The procedures for bioburden control, sterilization and 
requirements for space exploration missions are defined in 
standards. The missions are classified depending on both their 
targets of exploration and the mission architecture plan, and 
this provides an upper bound of allowed spores per 
surface/volume. 

➢ The standards and the requirements are updated over time 
depending on the state of the art of scientific knowledge and 
the technologies.  

➢ The COSPAR PP Panel updates the policy. NASA, ESA and other 
space agencies, follow similar procedures.



Low Biomass session
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Christopher E. 
Carr

Georgia Institute of 
Technology

Low Biomass Metagenomics and 
Implications for Planetary Protection

Sophie A. Simon
University of Duisburg-
Essen Low-biomass Nanopore metagenomics

Scott Tighe University of Vermont
Requirements for Assessing Ultra-Low 
Biomass for Genomic Analysis

Noah Fierer
University of Colorado 
Boulder

Exploring the limits of microbial life in 
Antarctic soils

Jyothi Basapathi 
Raghavendra

University of Aberdeen, 
UK

DNA sequencing at picogram level for 
extremely low biomass detection
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