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Planetary Protection

Planetary Protection is the practice of protecting solar system bodies from contamination by Earth life and protecting Earth from possible life forms that may be returned from other solar system bodies. NASA’s Office of Planetary Protection promotes the responsible exploration of the solar system by implementing and developing efforts that protect the science, explored environments and Earth. 

NASA's Planetary Protection policies and requirements ensure safe and verifiable scientific exploration for extraterrestrial life. The main objectives are to

	Carefully control forward contamination of other worlds by terrestrial organisms and organic materials carried by spacecraft in order to guarantee the integrity of the search and study of extraterrestrial life, if it exists.
	Rigorously preclude backward contamination of Earth by extraterrestrial life or bioactive molecules in returned samples from habitable worlds in order to prevent potentially harmful consequences for humans and the Earth’s biosphere.


To accomplish these goals, the Office of Planetary Protection assists in the construction of sterile (or low biological burden) spacecraft, the development of flight plans that protect planetary bodies of interest, the development of plans to protect the Earth from returned extraterrestrial samples, and the formulation and application of space policy as it applies to Planetary Protection.

Planetary Protection works in conjunction with solar system mission planners in order to ensure compliance with NASA policy and international agreements. Ultimately, the objective of Planetary Protection is to support the scientific study of chemical evolution and the origins of life in the solar system.

Additional information regarding Planetary Protection can be found on the Committee on Space Research website. 

Planetary Protection History
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                            Register Now for the Planetary Protection Organic Inventory and Archiving Workshop
                        

                        
                            
                                January 19, 2024
                            
                            
                        

                        
                            Registration is now open for a hybrid Planetary Protection Organic Inventory and Archiving Workshop, which will take place from Feb. 27-28, 2024, both virtually and in-person at NASA Headquarters.
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                            OSIRIS REx Sample Return Doesn’t Pose a Risk to Earth’s Biosphere
                        

                        
                            
                                September 08, 2023
                            
                            
                        

                        
                            When OSIRIS-REx returns a sample of the asteroid Bennu to Earth on September 24, 2023, it will kick off a carefully orchestrated retrieval process. One thing the retrieval team won’t need to worry about is protecting Earth and its inhabitants from the sample.
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                            SMA Leadership Profile: Nick Benardini
                        

                        
                            
                                January 31, 2023
                            
                            
                        

                        
                            As NASA’s Planetary Protection Officer, James “Nick” Benardini knows his role is all about the community: his NASA discipline colleagues, agency programs and projects, the international community, and academia. 
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                            Protecting the Planet: Planetary Protection vs. Planetary Defense
                        

                        
                            
                                October 14, 2022
                            
                            
                        

                        
                            Although both Planetary Protection and Planetary Defense programs at NASA include the word “planetary” and aim to protect the planet, that’s where similarities end. These two vital efforts oversee very different aspects of the agency’s role in protecting Earth, and in some cases, other planets. 
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                            NASA Releases New Planetary Protection Standard
                        

                        
                            
                                August 31, 2022
                            
                            
                        

                        
                            NASA’s Office of Safety and Mission Assurance released NASA-STD-8719.27, Planetary Protection Standard, effective Aug. 30, 2022. The standard is a follow-on document complementing NPR 8715.24, Planetary Protection Provisions for Robotic Extraterrestrial Missions. It addresses and is relevant to both crewed and robotic missions and covers the technical details a mission should consider for the design and execution of the Planetary Protection mission throughout the project life cycle. It is relevant starting in the Mission Concept Review and System Requirements Review phase by defining the Planetary Protection categorization to end-of-mission disposal reporting.
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Dr. J. Nick Benardini 

Planetary Protection Officer

Learn more about Planetary Protection Officer Dr. J. Nick Benardini.


 Read More
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Dr. Elaine Seasly

Deputy Planetary Protection Officer

Learn more about Deputy Planetary Protection Officer Dr. Elaine Seasly.


 Read More
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Points of Contact


For details on contacting a Planetary Protection Point of Contact (PoC), click below.


 Find Your PoC














 









Learning

Instructor-Led Courses


Planetary Protection: Policies and Practices

This course covers what the requirements are for Planetary Protection for robotic missions, how to meet those requirements and lessons learned from past missions.

Course Details






















Policy and Guidance

NASA

	Policy	Title	Buttons	Buttons
	NASA-STD-8719.27	Planetary Protection Standard

            	NASA-STD-8719.27 Details	See NASA-STD-8719.27
	NID 8715.129

            	Biological Planetary Protection for Human Missions to Mars

            	NID 8715.129 Details	See NID 8715.129
	NASA-HDBK-6022	
            Handbook for the Microbial Examination of Space Hardware

            	NASA-HDBK-6022 Details	See NASA-HDBK-6022
	NPD 8700.1

            	NASA Policy for Safety and Mission Success	NPD 8700.1 Details	See NPD 8700.1
	NPR 8715.24	Planetary Protection Provisions for Robotic Extraterrestrial Missions

            	NPR 8715.24 Details	See NPR 8715.24











 





National Academies Reports

The following list represents a selection of the most recent National Academies Reports. Click the button to see the complete list.  



See Complete Reports List 











	Date 	Title	General	Mars	Icy Worlds 	Other	 
	2023	Planetary Protection Considerations for Missions to Solar System Small Bodies: Report Series—Committee on Planetary Protection	 	 	 	    X	See Paper
	2021	Report Series: Committee on Planetary Protection: Evaluation of Bioburden Requirements for Mars Missions 

            	 	   X	 	 	See Paper
	2020	Report Series: Committee on Planetary Protection: Planetary Protection for the Study of Lunar Volatiles	 	  	 	     X	See Paper
	2020	Assessment of the Report of NASA’s Planetary Protection Independent Review Board	 	  	 	     X	See Paper
	2019	Planetary Protection Classification of Sample Return Missions from the Martian Moons

            	 	  	 	     X	See Paper
	2018	Review and Assessment of Planetary Protection Policy Development Processes	      X
            	 	 	 	See Paper
	2017	The Goals, Rationales, and Definition of Planetary Protection: Interim Report	      X
            	 	 	 	See Paper
	2015	Review of the MEPAG Report on Mars Special Regions	 	   X	 	 	See Paper






















International Policy


Planetary Protection is an agreed international practice that is defined by the
United Nations; promulgated by the
Committee on Space Research; and practiced by space-faring agencies such as NASA, the
European Space Agency,
Japanese Aerospace Exploration Agency, and others.






















Missions

Planetary Protection requirements are specific to the type of mission and explored planetary bodies. Accordingly, NASA assigns each mission a Planetary Protection Category based on the type of planned encounter (e.g., flyby, orbiter or lander) and the type of planetary bodies that are encountered and explored during the mission (e.g., planet, moon, comet or asteroid). In general, the Planetary Protection Categories (Categories I-V) are organized to reflect the degree a target (or encountered) planetary body may provide clues regarding life or prebiotic chemical evolution and can be further refined through planetary target and type of mission. When exploring a target body that may provide clues to the process of chemical evolution and/or the origin of life, spacecraft will have a higher level of cleanliness, with the mission providing detailed operating procedures. When exploring a target body that potentially supports Earth life, spacecraft will undergo stringent cleaning and sterilization processes and may be subject to certain operating restrictions. Planetary Protection requirements and mission categories are based on the scientific advice of the Space Studies Board and on NASA or international policy guidelines.


	Category	Planetary Body	Mission	PP Report Available	Mission Status
	I	Sun	
            Ulysses 
            	 	Completed
	 IVa	 Mars	Mars Exploration Rover	Yes	 Completed
	 II	Moon	 Explorer	Yes	Completed
	 II	 Moon	 Apollo 6	Yes	Completed
	 IVc	 Mars	Phoenix	Yes	Completed 
	 III	 Mars	 MarCO	Yes	Completed 
	II	Sun	            Solar Orbiter Collaboration*	 	Planning Phase
	II	Jupiter	
            Galileo
            	 	Completed
	II	Jupiter	
            Juno
            	  Yes (1)(2)	Ongoing
	II	Jupiter/Saturn	
            Pioneer 10 and 11
            	 	Completed
	II	Jupiter/Saturn/Heliosheath	
            Voyager
            	 	Ongoing
	II	Mercury (Venus fly-by)	
            MESSENGER
            	 	Completed
	II	Moon	
            Chandrayaan-1/ISRO (M3)*	 	Completed
	II	Comets Tempel 1 & Hartley 2	
            Deep Impact/EPOXI
            	 	Ongoing
	II	Moon	
            Clementine             	 	Completed
	II	Moon	
            Grail
            	 	Completed
	II	Moon	
            LADEE
            	 	Completed
	II	Moon	
            Lunar Prospector             	 	Completed
	II	Moon	
            Lunar Reconnaissance Orbiter
            	 	Ongoing
	II	Moon	
            Ranger 1-9
            	 	Completed
	II	Moon	
            Surveyor 
            	 	Completed
	II	Pluto/Charon	
            New Horizons
            	 	Ongoing
	II	Saturn	
            Cassini-Huygens
            	 	Completed
	II	Comets Encke, Schwassmann-Wachmann-3 and d'Arrest.	
            CONTOUR
            	 	Failed
	II	Asteroid Eros	
            NEAR-Shoemaker
            	 	Completed
	II	Venus	
            Magellan
            	 	Completed
	II	Venus	
            Pioneer-Venus             	 	Completed
	II
            1
            	Moon	
            Chang'e-3/CNSA
            	 	Ongoing
	III	Mars	            Mars Express/ESA (ASPERA-3)*	 	Ongoing
	III	Mars	
            Viking 1-2 Orbiters
            	Yes	Completed
	III	Asteroids Vesta & Ceres (Mars flyby)	
            Dawn
            	Yes	Ongoing
	III	Europa	
            Europa Clipper
            	  Yes (1)( 2)	Planning Phase
	III	Mercury, Venus, Mars	
            Mariner Missions             	 	Completed
	III	Mars	
            Mars Climate Orbiter
            	 	Failed
	III	Mars	
            MAVEN             	Yes	Ongoing
	III	Mars	
            Mars Global Surveyor
            	 	Completed
	III	Mars	
            Mars Observer
            	Yes	Failed
	III	Mars	
            Mars Odyssey
            	 	Ongoing
	III	Mars	
            Mars Reconnaissance Orbiter
            	Yes	Ongoing
	III (II-comet)	Comet C-G, Asteroid Lutetia	
            Rosetta             	 	Ongoing
	III (II-comet)	Comet Borrelly	
            Deep Space 1
            	 	Completed
	III (TGO), IVa (EDM)	Mars	
            ExoMars 2016/ESA: Trace Gas Orbiter (TGO) and Entry, Descent, and Landing Demonstrator
            Module (EDM)*
            	 	Ongoing
	III
            1
            	Mars	
            Mars Orbiter Mission (Mangalyaan)/ISRO             	 	Ongoing
	III
            1
            	Mars	
            Mars Orbiter Mission/ISRO
            	 	Ongoing
	IVa	Mars	
            Deep Space 2
            	 	Failed
	IVa	Mars	
            Mars Pathfinder
            	 	Completed
	IVa	Mars	
            Mars Polar Lander
            	 	Failed
	IVa	Mars	
            Mars Science Laboratory
            	  Yes (1)(2)	Ongoing
	IVa	Mars	
            MER Opportunity             	 	Completed
	IVa	Mars	
            MER Spirit             	 	Completed
	IVa	Mars	
            InSight
            	  Yes (1)(2)	Ongoing
	IVb	Mars	
            ExoMars 2020/ESA*	 	Planning Phase
	IVb	Mars	
            Viking 1-2 Landers
            	Yes	Completed
	IVc	Mars	
            Mars Phoenix Lander 
            	 	Completed
	V (restricted)	Moon	
            Apollo 11, 12, 14
            	Yes	Completed
	V (restricted)	Mars	
            Mars 2020
            	
            Yes (1)(2)(3)(4)(5)
            	Ongoing
	V (unrestricted)	Asteroid 25143 Itokawa	
            Hayabusa/JAXA 
            	 	Completed
	V (unrestricted)	Asteroid 1999 JU3	
            Hayabusa 2/JAXA
            	 	Ongoing
	V (unrestricted)	Asteroid 1999 RQ36	
            OSIRIS-REx
            	Yes	Completed
	V (unrestricted)	Comets Wild 2 & Tempel 1	
            Stardust NExT
            	 	Completed
	V (unrestricted)	Heliosphere	
            Genesis
            	 	Completed
	V (unrestricted)	Moon	
            Apollo 15-17
            	Yes	Completed


*NASA contributed payloads, but did not lead mission. 



Mission Categories

Protecting Life on Other Bodies


Planetary Protection requirements for each mission and target body are determined based on the scientific advice of the Space
Studies Board and on NASA or international policy guidelines. Each mission is
categorized according to the type of encounter it will have (e.g., flyby, orbiter or lander)
and the nature of its destination (e.g., a planet, moon, comet or asteroid). If the target body
has the potential to provide clues about life or prebiotic chemical evolution, a spacecraft going
there must meet a higher level of cleanliness and some operating restrictions will be imposed.
Spacecraft going to target bodies with the potential to support Earth life must undergo stringent
cleaning and sterilization processes and greater operating restrictions.



Categorization by Planetary Type
Categorization by Planetary Target
Category IV Subdivisions for Mars (IVa-c)


Mission Design and Planning

Compliance with Planetary Protection requirements is mandatory for NASA missions, per NPD 8700.1, NASA Policy for Safety and Mission Success.
The first and most important step in complying with NASA Planetary Protection policy
is avoiding unintended encounters with solar system objects. As described in NPR 8715.24, Planetary Protection Provisions for Robotic Extraterrestrial Missions, missions
must meet a certain set of forward contamination criteria including 

	Limiting the probability that a planetary body will be contaminated during the period of exploration
    to no more than 1×10
    -3 (unless otherwise specified), where the period of exploration shall extend
    at least 50 years after a Category III or IV 
     mission arrives at its protected target (and no longer than the time point after which no organisms remain viable on
    the spacecraft)


	Avoiding impact of Mars over a time period of 50 years with a probability of < 1×10
    -2 for spacecraft that cross the orbit of Mars en route to other targets and < 1×10
    -4 for all launch elements that leave Earth’s orbit
    


	Avoiding impact of target bodies, including orbital lifetime constraints


	Minimizing the probability of contamination using mission-dependent pre- and post-launch approaches,
    such as cleanroom usage, aseptic assembly of spacecraft, partial sterilization of spacecraft
    components and trajectory biasing.


Careful mission design and planning are essential elements when considering Planetary Protection
requirements, which are both mission and target body dependent. Consultations with the Planetary Protection Officer (PPO) during mission development is critical in ensuring
compliance with NASA policy. 




















Mission Gallery

View the Mission Gallery for photos of NASA programs and projects that are implementing or have implemented Planetary Protection requirements. 

See Gallery 



















Conference Documents

	Conference/Event	Date	Description	Agenda	Report
	4th COSPAR (Virtual) Workshop on Refining Planetary Protection Requirements for Human Missions

            	5/19/20-5/20/20	Committee on Space Research (COSPAR) Workshop

            	

            	See 2020 Report
	3rd COSPAR Workshop on Refining Planetary Protection Requirements for Human Missions

            	5/14/19-5/16/19	Committee on Space Research (COSPAR) Workshop

            	 	See 2019 Report
	2nd COSPAR Workshop on Refining Planetary Protection Requirements for Human Missions	5/15/18-5/16/18	Committee on Space Research (COSPAR) Workshop	 	See 2018 Report
	Refining Planetary Protection Requirements for Human Missions	10/25/16-10/27/16	Committee on Space Research Workshop, cosponsored by the NASA Human Exploration and Operations Mission Directorate

            	 	See 2016 Report
	Planetary Protection Knowledge Gaps for Human Extraterrestrial Missions	3/24/15-3/26/15	NASA workshop, cosponsored by the NASA Science Mission Directorate and Human Exploration and Operations Mission Directorate

            	 	See 2015 Report






















Solar System Bodies

Solar system bodies for which NASA has considered Planetary Protection precautions include
Venus;
Earth;
Earth’s moon;
Mars;
Jupiter;
Europa, Ganymede, and Callisto (moons of Jupiter);
Titan and Enceladus (moons of Saturn);
comets, and asteroids.

Additional Information


















Explore 

Looking for educational resources related to Planetary Protection? Visit the Explore page. New resources will continue to be added. 

Visit Explore Page


















Frequently Asked Questions



	
    
    
    
    What is Planetary Protection?
    
    
    
    
    
    
    Planetary Protection is the practice of protecting solar system bodies from harmful contamination by Earth life to enable scientific exploration (forward contamination) and protecting the Earth-Moon system from possible harmful contamination that may be returned from other solar system bodies (backward contamination). Recognizing the Outer Space Treaty, which has been signed and ratified by 110 countries, the goals of Planetary Protection are to

    	Protect solar system bodies from biological contamination from Earth
	Prevent harm to Earth’s environment from possible harmful extraterrestrial contamination 
	Support safe, sustainable exploration of chemical evolution and the origins of life


    NASA’s Office of Planetary Protection works with mission teams to ensure compliance with NASA policy and international agreements by assisting with

    	Construction of biologically managed (or low biological burden) spacecraft
	Development of flight plans that protect planetary bodies of interest to the search for life
	Development of plans to protect the Earth-Moon system from samples returned from extraterrestrial bodies
	Formulation and application of space policy as it pertains to Planetary Protection


    

    

    
	
    
    
    
    Why is Planetary Protection important?
    
    
    
    
    
    Planetary Protection makes it possible for scientists to study extraterrestrial environments without interfering with any extant or existing life that may have developed there. It also preserves the integrity of scientific research conducted in those environments. Finally, Planetary Protection preserves Earth’s biosphere from possible contamination by harmful extraterrestrial material.
    
    

    

    
	
    
    
    
    How long has NASA been involved with Planetary Protection?
    
    
    The first mission to use Planetary Protection recommendations from the United Nations Committee on Space Research (COSPAR) was the Ranger project, a series of unmanned spacecraft in the 1960s whose objective was to take close-up images of the Moon. In 1967, the United States, the Soviet Union and the United Kingdom were the first nations to sign the Outer Space Treaty, which is the legal framework for space exploration. The first article of the Outer Space Treaty reads,

    “The exploration and use of outer space, including the moon and other celestial bodies, shall be carried out for the benefit and in the interests of all countries, irrespective of their degree of economic or scientific development, and shall be the province of all mankind.”

    NASA formed its Office of Planetary Protection in 1976, however, it was already shaping mission policy based on COSPAR recommendations before that time.

    

    

    
	
    
    
    
    Can you explain the idea behind forward and backward contamination?
    
    
    
    
    
    
    Forward contamination: The transfer of viable organisms, including microorganisms, from Earth to another celestial body.

    Planetary Protection requirements to control forward contamination begin on Earth and are accomplished by understanding mission science, operational requirements and goals based upon the environmental characteristics of each planetary destination. Forward Planetary Protection requirements protect the integrity of science exploration, including the search for and study of potential extraterrestrial life. 

    All missions leaving Earth are evaluated for impact from forward contamination.

    Backward contamination: The transfer of extraterrestrial organisms, if they exist, to Earth’s biosphere.

    Spacecraft carrying samples back to Earth pose a risk of unintended transfer of extraterrestrial life. Backward Planetary Protection requirements are needed to assure safety for Earth’s environment and responsible scientific study once extraterrestrial samples are landed on Earth and transferred to a receiving facility. 

    Extraterrestrial materials from planetary destinations with the possibility of supporting life are considered potentially harmful to humans and Earth’s biosphere until scientific study in a biologically secure laboratory can establish that there is no evidence of extraterrestrial life in the samples. 

    Only missions bringing material back to Earth are evaluated for harm to Earth from backward contamination. 

    

    

    
	
    
    
    
    How does NASA ensure spacecraft are clean before launch?
    
    
    
    
    
    
    All spacecraft such as orbiters, landers and rovers must be built in cleanrooms that meet International Organization for Standardization specifications for particulate control and air flow as well as gowning protocols for protective clothing. 

    Planetary Protection requires workers to wear full cleanroom garments. These include head coverings, coveralls and shoe covers. Workers wear these garments over their street clothes to prevent contaminants such as clothing fibers and hair and skin particles from entering the cleanroom and potentially transferring to sensitive spaceflight hardware. 

    Planetary Protection also requires clean assembly practices, as well as preventing recontamination on flight hardware up to the last time of access prior to launch.

    NASA uses multiple cleaning methods to reduce the number of viable organisms on a spacecraft and vaporize chemical remnants of terrestrial biology. Dry Heat Microbial Reduction is a process that heats hardware under controlled humidity, temperature and time conditions. This method not only kills microbes on the surface or encapsulated within hardware, but the heating process can bake off organic molecules from hardware surface. 

    If spacecraft parts or scientific instruments are susceptible to damage from heating, then there are other methods for microbial reduction, such as exposure to vapor hydrogen peroxide or ultraviolet light. Each cleaning method has benefits and drawbacks to be considered when deciding on the best approach. 

    Exposed hardware surfaces are cleaned during the assemble process by alcohol wiping. Alcohol does not destroy bacterial spores in general, rather, they are removed by the mechanical action of physical cleaning. Hardware is wiped clean before final assembly and installation. Workers routinely wipe down flight hardware surfaces that remain accessible to maintain cleanliness. 

    Finally, ground support equipment is subject to rigorous cleaning and testing for biological cleanliness throughout the assembly process.

    

    

    
	
    
    
    
    How does NASA keep a cleanroom clean?
    
    
    
    
    
    
    Cleanrooms are cleaned every day using several chemical solvents. It is a continuous practice. Once the room has been cleaned, the team goes back to begin cleaning again. In addition, cleanrooms have robust air filtration systems that filter air multiple times before returning to the room, with filters changed on a regular basis. The air flow changes in NASA’s cleanrooms for biologically sensitive hardware can be up to 350 per hour using an industrial Ultra-Low Particulate or High-Efficiency Particulate Air filtration system as per ISO 14644-1 Cleanroom Standards. This is compared to a house where the air flow changes only four to eight times per hour using a residential HVAC system with a variety of filter ratings removing large particles, allergens and bacteria based on the homeowners’ filter selection.

    

    

    
	
    
    
    
    Do different space missions have different Planetary Protection concerns?
    
    
    
    
    
    
    There are different mission categories that determine the Planetary Protection requirements for each mission. Based upon Committee on Space Research recommendations, Planetary Protection categorizes each planetary body reflecting its importance in the search for evidence of fossil life, present-day life or prebiotic chemical evolution.

    The three worlds that have the highest scientific interest in possible extraterrestrial life carry the strictest exploration requirements for Planetary Protection and are Mars, Europa and Enceladus. A mission to these worlds is either Category III (flyby/orbiter) or Category IV (lander).

    Any spacecraft going beyond Earth orbit and then returning to Earth is classified Category V (Earth Return). If a spacecraft has landed on or near Mars, Europa or Enceladus, then the returning leg of the mission is considered Restricted Earth Return. Restricted Earth Return requirements assure safety for Earth’s environment and responsible scientific study of returned hardware and samples. Sample retrieval missions will be designed to contain the sample prior to return to Earth, where they will be examined under quarantine and confirmed safe or completely sterilized prior to distribution to science laboratories. 

    For most other destinations in the solar system, a returning mission is categorized as Unrestricted Earth Return. 

    

    

    
	
    
    
    
    Do other countries have Planetary Protection offices that NASA coordinates with?
    
    
    
    
    
    
    Planetary Protection is an agreed international practice that is defined by the United Nations and its Committee on Space Research. Space-faring agencies that implement Planetary Protection policies include the European Space Agency, the Japanese Aerospace Exploration Agency and others.

    

    

    
	
    
    
    
    Are there organizations that discuss best Planetary Protection procedures and policy at the international level?
    
    
    
    
    
    
    The Committee on Space Research (COSPAR) was established October 1958 with the objective of promoting international guidelines for scientific research in space and emphasizing the exchange of results, information and opinions. 

    The Outer Space Treaty (OST) was signed on Jan. 27, 1967, in Washington D.C., London and Moscow. It now has 110 states-parties. It includes 17 Articles that provide the legal framework for space exploration. 

    Based upon new scientific discoveries and exploratory capabilities, COSPAR provides accepted international guidelines and policy standards for compliance with the OST. Overall, there have been over 50 years of international collaboration in space exploration policy.

    

    

    
	
    
    
    
    Does NASA share its Planetary Protection policies with commercial space companies?
    
    
    
    
    
    
    All commercial space companies that partner with NASA on missions must work in compliance with Planetary Protection requirements. All policies, guidelines and mission requirements are publicly available to commercial space companies. 

    

    

    
	
    
    
    
    Who’s responsible for ensuring commercial space companies follow established Planetary Protection guidelines?
    
    
    
    
    
    
    NASA’s Office of Planetary Protection is responsible for ensuring that all NASA missions, along with their contracted commercial partners, follow Planetary Protection requirements.

    Since NASA is not a regulatory agency, the Federal Aviation Administration (FAA) is responsible for any U.S. payload launch made from a commercial requestor not directly sponsored by NASA. During the FAA pre-application consultation and license application process, if a mission is determined to need a Planetary Protection consultation, NASA’s Office of Planetary Protection is engaged. Technical leads within the Office of Planetary Protection will review any provided material from the commercial requestor. The initial assessment is made based on the payload and additional payload propulsive capabilities to leave the Earth orbit. A more detailed assessment of the payload is then conducted with the specific areas of interest to include

    	Description of the energetic potential of the primary launch vehicle, second stage, cruise stage and additional independent propulsion systems on primary and secondary payloads
	Description of trajectory including flybys or gravity assists of celestial objects and orbital insertion or landing at the destination
	Assessment of biological contamination risk and associated mitigation strategy for celestial objects, along the trajectory and at the orbiting or landed destination
	For missions to the surface of the Moon, an inventory of propulsion products released into the lunar environment; additionally, for missions to Permanently Shadowed Regions or the lunar poles, an inventory of organics


    The initial assessment and detailed areas of interest are then directly used to evaluate the potential impacts for harmful contamination under the Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies (U.N., 1967), Article IX. The technical assessment is then provided to the FAA for further consideration as part of the pre-application consultation and license application process. 

    

    

    

    
	
    
    
    
    How do you determine how many microbes there are on a given surface?
    
    
    
    
    
    
    The number of microbes on the surface of a spacecraft is called its bioburden. A part of a spacecraft (usually a square meter) is sampled by using a wipe or a swab. The collected sample is then analyzed in a culture dish, and the number of bacterial colonies are measured. This will give an estimate of the number of bacteria per square meter of surface. If the bioburden exceeds the Planetary protection limit, then the spacecraft is recleaned and retested.

    The most important type of microbe to consider is an endospore (or “spore”), which is a type of bacteria that can enter a dormant, protective state and survive even in the vacuum of space. The bioburden limit for a Mars rover is just 300 spores per square meter of the rover’s surface.

    

    

    
	
    
    
    
    Are there microbes in space that we don’t have here on Earth?
    
    
    
    
    
    
    We have not yet discovered whether there is life beyond Earth. All currently known forms of life, microbial or otherwise, exists on Earth. Any known microbes (so far) that are on Mars have been carried there from Earth by human spacecraft!

    

    

    
	
    
    
    
    How do you ensure samples that we return from other planets are safe once they arrive?
    
    
    
    
    
    
    Any spacecraft going beyond Earth orbit and then returning to Earth is classified Category V (Earth Return). If a spacecraft has landed on or near Mars, Europa or Enceladus, then the returning leg of the mission is considered Restricted Earth Return. Restricted Earth Return requirements assure safety for Earth’s environment and responsible scientific study of returned hardware and samples. Sample retrieval missions will be designed to contain the sample prior to its return to Earth, where they will be examined under quarantine and confirmed safe or sterilized prior to distribution to science laboratories. 

    

    

    
	
    
    
    
    What Planetary Protection processes have changed for the Moon?
    
    
    
    
    
    
    As the search for life beyond Earth advances, Planetary Protection requirements are modified to reflect new scientific knowledge about the diversity of life on Earth and the detection capabilities of advanced instruments. 

    Historically, Earth’s Moon has not been considered significant from a biological perspective in the search for life. As a result, it was categorized by the Committee on Space Research (COSPAR) as a Category I body with no Planetary Protection requirements warranted.

    Since the time of the Apollo missions, ice deposits located in the Permanently Shadowed Regions (PSRs) of the Moon have been detected. In 2008, COSPAR updated the Moon to a Category II body with significant interest relative to chemical and biological evolution of the solar system but with minimal risk of contamination during exploration.

    More recently, because the existence of water at the lunar poles of the Moon provides a potential resource for future human exploration, COSPAR has called special attention to contamination concerns for PSRs, leading to sub-categorizations for missions that will explore those areas of the Moon.

    

    

    
	
    
    
    
    What Planetary Protection processes have changed since we returned the Moon rocks during the Apollo missions?
    
    
    
    
    
    
    Planetary Protection requirements and processes evolve based on the current scientific input. The requirements are aligned with the current scientific consensus as established by an independent, international community. Earth return samples from the Moon were originally treated as a Planetary Protection Restricted Earth Return up until Apollo 11. The mission required additional cleaning measures, quarantine of the astronauts for 21 days and sample safety analysis to ensure that the samples would not pose adverse harm to the Earth’s biosphere. Once the samples were deemed safe through sample safety assessments at the curation facility and it was confirmed the astronauts were not experiencing adverse reactions, subsequent missions did not have to adhere to such strict protocols. Thus, since Apollo 15, the Moon has been characterized as an Unrestricted Earth Return mission.  

    

    

    
	
    
    
    
    Does Planetary Protection also look for signs of life on other planets?
    
    
    
    
    
    
    Missions to search for life beyond Earth include multidisciplinary teams of experts across scientific fields that include planetary science, geology and geoscience, astrobiology, astronomy, astrophysics, biology, microbiology, chemistry, and much more. Planetary Protection is responsible for ensuring that all missions follow Planetary Protection requirements to protect solar system bodies from biological contamination from Earth and to prevent harm to Earth’s environment from possible extraterrestrial life forms. As such, Planetary Protection experts are crucial members of mission teams that search for life beyond Earth.

    

    

    
	
    
    
    
    What should students study to become a Planetary Protection Officer?
    
    
    
    
    
    
    Given the multidisciplinary nature of topics covered by Planetary Protection, there is not a one-size-fits-all approach. Anyone interested in a career in Planetary Protection needs a strong background in a variety of subjects, including engineering and microbiology. At school, a student should focus on biology, chemistry, physics and mathematics. At university, a degree in astrobiology, engineering, geology, planetary science, microbiology, the biological sciences or chemistry would be ideal. A curiosity about the universe is of course a must. Try to take an introductory astronomy, if possible.

    

    

    






















Important Links 


	
    Astrobiology at NASA — Life in the Universe
    
	


	
    Astromaterials Acquisition and Curation Office  


	
    Committee on Space Research
    
	


	
    Committee on Space Research: Panel on Planetary Protection  


	
    Mars Exploration Program Analysis Group
    
	


	
    Mars Sample Handling and Requirements Panel (MSHARP Final Report)    
	


	
    Mars Sample Quarantine Protocol Workshop 


	
    NASA Astrobiology Institute
    
	


	
    NASA Planetary Protection Program Communications Strategy
    
	


	
    NASA Technical Reports Server 


	
    Office of Planetary Protection 


	
    Perseverance Rover: How We Protect Mars From Earthly Germs 
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Dr. Elaine Seasly

Deputy Planetary Protection Officer

Dr. Elaine Seasly is the deputy Planetary Protection Officer for the Office of Safety and Mission Assurance (OSMA). In this role, she supports the Office of Planetary Protection in its work to promote the responsible exploration of the solar system by implementing and developing efforts that protect the science, explored environments and Earth.

Seasly joined OSMA after serving as the NASA Langley Research Center contamination control and Planetary Protection lead since 2015. As contamination control and Planetary Protection lead, Seasly was responsible for developing contamination control and Planetary Protection requirements and implementation plans and evaluating compliance of flight projects to meet NASA mission needs. In addition, she developed and led the growth strategy for Langley contamination control and Planetary Protection to increase facility capabilities, research opportunities, flight project support, knowledge management and lessons learned sharing, and collaboration through partnerships.

Prior to joining NASA, she worked for Raytheon Missile Systems, where she led contamination control efforts for missile defense and tactical missile programs and later transitioned to program management and management of small business innovation research.

Seasly has a Bachelor of Science in chemical engineering from the University of Arizona, a Master of Science in patent law from the University of Notre Dame and a Doctor of Engineering from George Washington University. She is also a registered patent agent with the U.S. Patent and Trademark Office.
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                                      This policy directive covers the ways in which NASA assures acceptable levels of flight crew safety and mission success risk.

                                    

                                    
							

							
								
									
                                                                  See NPD 8700.1
								
								Close
							

						

					

				

	

					
						
							
								× Close 
								NASA-STD-8719_27

							Planetary Protection Standard

                                                          

							
                                                          
                                                            
                                         			 Print Version

								                        
                                      The purpose of this standard is to provide technical requirements to protect and enable current and future scientific investigations by limiting biological and relevant molecular contamination of solar system bodies through exploration activities and protecting the Earth’s biosphere by avoiding harmful biological contamination carried on returning spacecraft.
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                                      This policy sets forth NASA requirements applicable to robotic planetary flight programs and contains the processes needed to comply with Planetary Protection requirements.
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Dr. J. Nick Benardini

Planetary Protection Officer

Dr. J. Nick Benardini is the Planetary Protection Officer for NASA and the Office of Safety and Mission Assurance. In this role, he oversees the responsible exploration of the solar system by implementing and developing efforts that protect the science, explored environments and Earth. Planetary Protection is concerned with forward contamination of another world with life from Earth and backward contamination of Earth with a life-form from another world. Forward contamination is assessed by looking for evidence of Earth-like environments on other planetary bodies and considering the potential for a terrestrial microbe, transported on a spacecraft, to find a refuge and remain viable in an extraterrestrial setting. NASA requires every planetary mission to meet stringent requirements for biological cleanliness during assembly and launch of spacecraft. Backward contamination is assessed by looking at each step in the chain of contact from collecting samples on another planetary body through transporting and landing on Earth. NASA carefully analyzes the potential for an as-yet-unknown extraterrestrial life-form to be released on Earth as a result of returning samples for scientific study.

Benardini most recently served as the Planetary Protection lead for the Mars Sample Retrieval Lander mission and consultant to NASA Headquarters’ Office of Planetary Protection. He has conducted research as a Principal Investigator in the field of environmental microbiology, studying extreme environments for the past 13 years. He has led both applied research and field studies in conducting molecular and traditional microbiological community analysis. 

Benardini has experience in leading and managing Planetary Protection missions as a cost account manager, overseeing and leading requirements definition and decomposition, developing implementation strategies, documenting project compliance, and conducting verification and validation activities/bioassays. He has been instrumental in planning and leading verification activities for the Mars 2020, InSight, Mars Science Laboratory, JUNO and Mars Exploration Rovers. He served as the Assembly, Test and Launch Operations Planetary Protection lead for the Mars Science Laboratory mission and the Planetary Protection lead for the InSight 2016, Mars 2022 and Mars Sample Retrieval Lander missions. As a senior Subject Matter Expert, he has been a lead author on over 24 peer review publications, two book chapters, 51 conference publications and presentations, and 24 engineering technical documents. 

He holds a Ph.D. in microbiology, molecular biology and biochemistry from the University of Idaho and a Bachelor of Science in microbiology from the University of Arizona. 
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                                      This directive defines NASA’s obligation to avoid harmful forward and backward biological contamination under Article IX of the Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies (the "Outer Space Treaty"), Oct. 19, 1967. 
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                                      This directive sets forth NASA requirements applicable to robotic and crewed missions travelling to the Earth’s Moon. These requirements define NASA’s implementation of obligations to avoid harmful contamination under the Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies (UN, 1967), Article IX for such missions.
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                                      The purpose of this handbook is to provide a compilation of procedures for the microbiological examination of space hardware and associated environments developed to meet the requirements of NASA’s Planetary Protection and Space and Life Sciences programs.
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                                      NASA has one primary Planetary Protection Point of Contact (PoC) at this time. For more information, contact the PoC below.

	Name
	 Headquarters
	Robert Margetta
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Matt Forsbacka

Mission Assurance Standards and Capabilities Division Director

Dr. Matthew “Matt” Forsbacka is the Mission Assurance Standards and Capabilities Division director, responsible for the development and maintenance of NASA directives and standards pertaining to SMA, as well as related methods, tools and guidance.

Previously, Forsbacka served as the Nuclear Flight Safety Assurance Manager (NFSAM) for the Safety and Requirements Division of the Office of Safety and Mission Assurance (OSMA). He was responsible for reviewing the Nuclear Launch Safety Approval Requests submitted by programs and projects that plan to launch radioactive material in space. In this role, he also coordinated ad hoc Interagency Nuclear Safety Review Panels, which evaluate the risk to the public and environment for any mission containing radioactive materials above the prescribed threshold. Forsbacka also was the OSMA representative for the Nuclear Systems, Space Radiation and Space Protection Working Groups.

Forsbacka also previously served as the Micrometeoroid and Orbital Debris (MMOD) program executive. As the program executive for MMOD, Forsbacka was responsible for program execution of NASA’s Procedural Requirements for limiting Orbital Debris. 

Forsbacka did a detail at NASA Glenn Research Center as chairman of the Standing Review Board for NASA’s Radioisotope Power Systems program. As chairman, he led review teams that report findings to Glenn’s Center Management Council, the leadership of NASA's Science Mission Directorate (Planetary Science Division) at NASA Headquarters, the NASA administrator and the NASA Agency Program Management Council. He presented issues and proposed solutions to NASA senior management.

In addition, Forsbacka was a lecturer at the University of Maryland’s A. James Clark School of Engineering. He developed the “Innovative Reactor Design” course for the master’s degree in nuclear engineering, which he then taught. He also taught “Verification and Validation of Systems Engineering Projects” and “Reactor and Radiation Measurements Laboratory.”

Prior to his current role, Forsbacka was an engineering supervisor for the Defense Nuclear Facilities Safety Board. In this role, he led a group of Subject Matter Expert engineers in the fields of nuclear, mechanical, electrical, seismic, structural, civil and materials engineering that perform safety reviews of major DOE projects at all phases of the life cycle throughout design and construction. Projects included Waste Treatment and Immobilization Plant at the Hanford Nuclear Reservation, Uranium Processing Facility at the Y-12 National Security Complex, Chemistry and Metallurgy Research Replacement Project for the Los Alamos National Laboratory, Salt Waste Processing Facility at the Savannah River Site, and the Permanent Ventilation System for the Waste Isolation Pilot Plant. In this role, he also was responsible for strategic planning and program development within his area of responsibility as well as for the implementation of review plans conducted by the technical staff. This involved developing, reviewing and providing proposed program requirements for safety oversight activities, as well as projections of expected results and budgetary/resource estimates. He reviewed and approved staff work products before submission to the presidentially-appointed board members for action in advising the secretary of energy on safety issues.

Before joining the Defense Nuclear Facilities Safety Board, Forsbacka worked for the Department of Homeland Security’s Domestic Nuclear Detection branch. Here he served as the deputy assistant director, a position in which he led a group of 40 senior engineers and scientists to develop anti-terrorism and radiological emergency response nuclear detection systems for use by the Department of Homeland Security law enforcement officers responsible for securing U.S. borders and coastal regions.

Forsbacka also has a history of working for NASA, having been the program executive for the Lunar Reconnaissance Orbiter from 2005 to 2007. He was responsible for all aspects of NASA Headquarters’ mission oversight of this project. Prior to that role, he was the acting director for the Prometheus nuclear systems technology, responsible for all cross-discipline efforts in nuclear power and propulsion technologies for NASA. He also was the program manager for nuclear systems and the program executive for fission systems.

As a captain in the U.S. Air Force, Forsbacka held various roles, which included program manager for the Defense Threat Reduction Agency, master instructor of physics for the U.S. Naval Academy and reactor operations supervisor for the Armed Forces Radiobiology Research Institute.

 Forsbacka has a doctorate in nuclear engineering from the University of Virginia and both a master’s and bachelor’s degree in nuclear engineering from the University of Florida. Forsbacka resides in Silver Spring, Maryland with his wife and three daughters and is an avid bicycle commuter.
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                                      As presented in the December 2015 Planetary Protection Subcommittee meeting, and pending final approval, the Mars 2020 (M2020) project will be designated a Category V Restricted Earth Return mission, while the outbound leg will be required to comply to Category IVb constraints at the subsystem level. Accordingly, certain clarifications to NPR 8020.12, Planetary Protection Provisions for Robotic Extraterrestrial Missions will apply to M2020. Examples clarifications include

(Note: The following language is comprised of direct quotes from the policy.)

Sections 5.3.2.3c and 5.3.2.5c

	Due to the presence of a radiothermal generator (RTG) used to power the M2020 rover, the M2020 project shall ensure that candidate landing sites exclude the following from the post-parachute-opening 3-sigma landing ellipse:

	Locations with ice or hydrated minerals at depths of <5 meters (based on MSL impact calculations), for which exposure to an RTG could cause liquid to be liberated sufficient to mobilize a particle of <50 nm in size,
	Special Regions as formally defined in NPR 8020.12D Section 5.3.2.5 or as modified by mutual agreement prior to launch, pending evaluation of the definition rendered by the 2014-15 MEPAG/SSB/ESF evaluations, and subject to review by the NASA Planetary Protection Subcommittee,
	Transient Special Regions created by the presence of an RTG on the rover are included in these constraints: their absence shall be demonstrated by test and analysis.


    	In addition to the standard reviews, the final candidate landing sites shall undergo an independent review, organized by the PPO, as part of the pre-launch landing site selection process and prior to the preparation and presentation of landing site options to the Science Mission Directorate Associate Administrator.
	Later access to previously identified locations, via either vertical or horizontal mobility of rover elements, shall be prohibited.


Sections 5.3.2.5a

	Clarifications to the Special Regions include a lower temperature limit of -28˚C, reevaluation of the 500 year timescale for limits, and a focus on regions “including dark streaks”.


Section 5.3.2.2

	Caching hardware involved in acquisition, delivery, and storage of samples intended for Earth return shall be

	Cleaned to a level of <300 heat resistant ‘spores’/m2,
	Enclosed in a physical biobarrier,
	And subjected to a validated bioburden reduction process the achieves at least 4-orders of magnitude of microbial reduction.


    	The physical biobarrier that prevents recontamination shall not be opened until operations at Mars.
	Example acceptable contamination limits while conducting operations on Mars include:

	<1 viable Earth organism per cached sample,
	100 ppb TOC baseline (Tier 1 & 2 compounds),
	And 40 ppb TOC threshold (Tier 1 & 2 compounds).



Section 5.3.3.2

	The M2020 project shall ensure that Mars samples intended for possible future return are not contaminated by terrestrial organic compounds or viable organisms at levels above those specified below, through final deposition of sample tubes on Mars:

	The probability that a single viable organism is introduced into each sample shall be less than the limit obtained by multiplying the internal surface area of a sealed sample tube, in m2, by the Viking post-sterilization surface bioburden limit of 0.03 viable organisms per m2,
	Terrestrial organic contamination shall be limited to levels below <1 ppb of any Tier 1 organic compound per sample; <10 ppb Total Organic Carbon per sample,
	And sample tubes shall be designed for opening after return to Earth in a manner that prevents additional contamination of samples during extraction.
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            Types of Mars Missions
            	
            Mission Type
            	
            Mission Category
            
	
            Lander systems not carrying instruments for the investigations of extant Mars life.
            	
            Lander, Probe
            	
            IVa
            
	
            Lander systems designed to investigate extant Martian life.
            	
            Lander, Probe
            	
            IVb
            
	
            Missions investigating Martian Special Regions, even if they do not include life detection experiments. Martian Special Regions
            include those within which terrestrial organisms are likely to replicate and those potentially harboring
            extant Martian life.
            	
            Lander, Probe
            	
            IVc
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            Planetary Targets/Locations
            
            	
            
            Mission Type
            
            	
            
            Mission Category
            
            
	
            Undifferentiated, metamorphosed asteroids; Io; others TBD	
            Flyby, Orbiter, Lander
            	
            I
            
	
            Venus, Earth’s moon, comets, non-Category I asteroids, Jupiter, Jovian satellites (except Io and Europa), Saturn, Saturnian satellites (except Titan and Enceladus), Uranus, Uranian satellites, Neptune, Neptunian satellites (except
            Triton), Kuiper-Belt objects (< 1/2 the size of Pluto), others
            TBD	
            Flyby, Orbiter, Lander
            	
            II
            
	
            Icy satellites, where there is a remote potential for contamination of the liquid-water environments, such as Ganymede (Jupiter), Titan (Saturn), Triton, Pluto and Charon (Neptune), others
            TBD	
            Flyby, Orbiter, Lander
            	
            II*
            
	
            Mars, Europa, Enceladus, others
            TBD (Categories IVa-c are for Mars)	
            Flyby, Orbiter
            	
            III
            
	
            Lander, Probe
            	
            IV(a-c)
            
	
            Venus, moon, others
            TBD: “unrestricted Earth return”
            	
            unrestricted Earth-Return
            	
            V (unrestricted)
            
	
            Mars, Europa, Enceladus, others
            TBD: “restricted Earth return”
            	
            restricted Earth-Return
            	
            V (restricted)
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            Types of Planetary Bodies
            	
            Mission Type
            1
            	
            Mission Category
            2
            
	
            Bodies “not of direct interest for understanding the process of chemical evolution or the origin of life.”
            	
            Any
            	
            I
            
	
            Bodies of “significant interest relative to the process of chemical evolution and the origin of life, but where there is
            only a remote chance that contamination carried by a spacecraft could compromise future investigations.”
            	
            Any
            	
            II & II*
            
	
            Bodies of significant interest to the process of “chemical evolution and/or the origin of life,” and where “scientific opinion
            provides a significant chance that contamination could compromise future investigations.”
            	
            Flyby, Orbiter
            	
            III
            
	
            Lander, Probe
            	
            IV
            3
            
	
            Earth-return missions from bodies “deemed by scientific opinion to have no indigenous life forms.”
            	
            unrestricted Earth-Return
            	
            V (unrestricted)
            
	
            Earth-return missions from bodies deemed by scientific opinion to be of significant interest to the process of chemical evolution
            and/or the origin of life.
            	
            restricted Earth-Return
            	
            V (restricted)
            
	
            1
            If gravity assist is utilized during a flyby, constraints for the planetary body with the highest degree
            of protection may be required.
            

            2
            For missions that target or encounter multiple planets, more than one Planetary Protection category may be specified.
            

            3
            Category IV missions for Mars are subdivided into IVa, IVb and IVc.
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                                      NASA’s Planetary Protection policy calls for the imposition of controls on contamination for certain combinations of mission type and target body. There are five categories for target body/mission type combinations. The assignment of categories for specific missions is made by the NASA Planetary Protection Officer based on multidisciplinary scientific advice. The five categories are

	Category I includes any mission to a target body, which is not of direct interest for understanding the process of chemical evolution or the origin of life. No protection of such bodies is warranted and no Planetary Protection requirements are imposed.
	Category II includes all types of missions to those target bodies where there is significant interest relative to the process of chemical evolution and the origin of life, but where there is only a remote chance that contamination carried by a spacecraft could jeopardize future exploration. The requirements are only for simple documentation. This documentation includes a short Planetary Protection plan, which is required for these missions, primarily to outline intended or potential impact targets; brief pre-launch and post-launch analyses detailing impact strategies; and a post-encounter and end-of-mission report providing the location of inadvertent impact, if such an event occurs.
	Category III includes certain types of missions (typically a flyby or orbiter) to a target body of chemical evolution or origin-of-life interest or for which scientific opinion holds that the mission would present a significant chance of contamination which could jeopardize future biological exploration. Requirements consist of documentation (more involved than that for Category II) and some implementing procedures, including trajectory biasing, the use of clean rooms (Class 100,000 or better) during spacecraft assembly and testing and possibly bioburden reduction. Although no impact is generally intended for Category III missions, an inventory of bulk constituent organics is required if the probability of inadvertent impact is significant.
	Category IV includes certain types of missions (typically an entry probe, lander or rover) to a target body of chemical evolution or origin-of-life interest or for which scientific opinion holds that the mission would present a significant chance of contamination, which could jeopardize future biological exploration. Requirements include rather detailed documentation (more involved than that for Category III), bioassays to enumerate the burden, a probability of contamination analysis, an inventory of the bulk constituent organics and an increased number of implementing procedures. The latter may include trajectory biasing, the use of clean rooms (Class 100,000 or better) during spacecraft assembly and testing, bioload reduction, possible partial sterilization of the hardware having direct contact with the taget body, and a bioshield for that hardware, and, in rare cases, a complete sterilization of the entire spacecraft. Subdivisions of Category IV (designated IVa, IVb or IVc) address lander and rover missions to Mars (with or without life detection experiments) and missions landing or accessing regions on Mars, which are of particularly high biological interest.
	
    Category V pertains to all missions for which the spacecraft, or a spacecraft component, returns to Earth. The concern for these missions is the protection of the Earth from back contamination resulting from the return of extraterrestrial samples (usually soil and rocks). A subcategory called "Unrestricted Earth Return" is defined for solar system bodies deemed by scientific opinion to have no indigenous life forms. Missions in this subcategory have requirements on the outbound (Earth to target body) phase only, corresponding to the category of that phase (typically Category I or II).

    For all other Category V missions, in a subcategory defined as "Restricted Earth Return," the highest degree of concern is expressed by requiring the absolute prohibition of destructive impact upon return; the need for containment throughout the return phase of all returning hardware, which directly contacted the target body or unsterilized material from the body; and the need for containment of any unsterilized samples collected and returned to Earth. Post-mission, there is a need to conduct timely analyses of the returned unsterilized samples, under strict containment, and using the most sensitive techniques. If any sign of the existence of a nonterrestrial replicating organism is found, the returned sample must remain contained unless treated by an effective sterilization procedure. Category V concerns are reflected in requirements that encompass those of Category IV plus a continuous monitoring of mission activities, studies, and research in sterilization procedures and containment techniques.
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                                      In 2013, Japan formed the Japanese Aerospace Exploration Agency (JAXA) Planetary Protection Safety Review Board after many years of commitment to Planetary Protection and expected future space exploration missions. For the Hayabusa I and II missions, JAXA worked with NASA to ensure compliance to Committee on Space Research Planetary Protection policy.
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                                      The European Space Agency (ESA) is committed to the responsible exploration of the solar system and works closely with NASA in the practice and development of Planetary Protection policy. The Planetary Protection Officer for ESA is Dr. Gerhard Kminek. The ESA Planetary Protection-related documents include 

	ESSB-ST-U-001 (Issue 1): ESA planetary protection requirements
	ECSS-Q-ST-70-53C: Material and hardware compatibility tests for sterilization processes
	ECSS-Q-ST-70-55C: Microbial examination of flight hardware and cleanrooms
	ECSS-Q-ST-70-56C: Vapour phase bioburden reduction for flight hardware
	ECSS-Q-ST-70-57C: Dry heat bioburden reduction for flight hardware
	ECSS-Q-ST-70-58C: Bioburden control of cleanrooms
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                                      Internationally, technical aspects of Planetary Protection are developed through deliberations by the Committee on Space Research (COSPAR), part of the International Council of Science, which consults with the United Nations in this area. The COSPAR Panel on Planetary Protection develops and makes recommendations on Planetary Protection policy to COSPAR, which may adopt them as part of the official COSPAR Planetary Protection Policy.
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                                      The United Nation’s (U.N.) Office for Outer Space Affairs (UNOOSA) is responsible for promoting international cooperation in the peaceful uses of outer space. UNOOSA serves as the secretariat for the U.N. General Assembly’s only committee dealing exclusively with international cooperation in the peaceful uses of outer space: the U.N. Committee on the Peaceful Uses of Outer Space, known as COPUOS. In respect to Planetary Protection, Article IX of the 1967 U.N. Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, Including the Moon and Other Bodies states that all countries party to the treaty “shall pursue studies of outer space, including the moon and other celestial bodies, and conduct exploration of them so as to avoid their harmful contamination.”
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                                      Planetary Protection controls on the forward contamination are intended to preserve the planetary record of natural processes on these bodies by preventing human-caused microbial introductions that could interfere with future astrobiological investigations.

For Category I, typically missions to Mercury and those of heliophysical interest are considered to be of no direct interest for understanding the process of chemical evolution and do not require planetary protection controls. However, reassessment of the Planetary Protection concerns for Mercury are underway due to the recent discovery of water ice and organics by the MESSENGER mission. Further, for heliophysical missions, assignment to Category II may be warranted if planetary bodies of concern may be impacted. Missions to Venus and Earth’s moon are typically assigned as Category II missions. Though some scientists have speculated that microbial life might be able to survive in the atmosphere of Venus, the consensus is that the environment of Venus is too harsh to support life as we know it, and Planetary Protection is currently not a major concern for that planet.

While some of the moons of Jupiter and Saturn are considered good sites for astrobiological investigation, the consensus is that the environments of Jupiter and Saturn themselves are not suited to supporting life as we know it, and Planetary Protection is currently not a major concern for these gas giants. Likewise, Planetary Protection is not a major concern for the other outer planets Uranus, Neptune and Pluto and many of the satellites of the outer planets. This same assessment also applies to comets and asteroids.

The most stringent requirements are those for Mars; Jupiter’s moons Europa, Ganymede, and Callisto; and Saturn’s moons of Titan and Enceladus due to the great potential for studying the origin, evolution and distribution of life on these bodies. For Mars, the requirements are based upon orbital lifetime constraints for Category III missions and numerical bioburden constraints for the Category IV missions. For the Jovian and Saturn moons, the primary planetary protection focus is on the probability of contamination of a liquid water body.
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                                      Comets reside in the so-called Kuiper belt, a region in space beyond the orbit of Neptune, or the Oort cloud, a region far beyond Pluto. Comets are believed to be the oldest, most primitive bodies in the solar system, containing remains of the original material from which the sun and the planets formed. Scientists speculate that they may contain some of the basic biochemical building blocks of life. Comets are known to contain stores of water ice, and scientists believe they may have delivered water (ice melted by impacts) to Earth billions of years ago, making life on this planet possible. Water does not exist in liquid form on comets, however, and the scientific consensus is that comets cannot support life as we know it.

Asteroids, most of which are located in a region of space between Mars and Jupiter, are also believed to be remnants of the original material from which solar system bodies formed. The scientific consensus is that asteroids are not likely to support life as we know it. The National Research Council’s Space Studies Board has thus concluded that no special containment is needed for returned samples of interplanetary dust, comets and some asteroids (depending on their compositional type). See “Evaluating the Biological Potential in Samples Returned from Planetary Satellites and Small Solar System Bodies: Framework for Decision Making” for details.

Visit the Solar System Exploration for more information.
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Titan and Enceladus — two of Saturn’s 47 known moons — are of biological interest to space scientists.

About one tenth the size of Titan, Saturn’s moon
Enceladus is the brightest body in the solar system because its surface reflects almost 100 percent of the sunlight
that strikes it. Enceladus has a varied terrain; some areas have craters, while other areas have none, indicating that
major resurfacing events have taken place in the geologically recent past. The surface of Enceladus has fissures, plains,
corrugated terrain and other crustal deformations, indicating that the interior of the moon may be liquid today. Scientists
suggest that Enceladus may be heated by a tidal mechanism similar to Jupiter’s moons.

Cassini observations have revealed a water vapor plume in the southern polar region of Enceladus, hinting that this moon
might have liquid water and making it a possible new candidate for astrobiological research.

As the largest moon of Saturn,
Titan is the only planetary satellite in our solar system known to have a substantial and permanent atmosphere —
though it is nothing like the atmosphere of Earth. The atmosphere of Titan, at a temperature of 94 Kelvin (290 degrees
below zero Fahrenheit), is rich with nitrogen and methane. The interaction of this atmosphere with solar ultraviolet
radiation could generate saturated and unsaturated hydrocarbons as well as nitriles, through methane photolysis. These
products could condense as aerosols and reach the surface, where some could liquefy while others take solid form.

Observations of Titan have indicated that it may have lakes or oceans of liquid hydrocarbons on its surface in addition to
frozen deposits of these compounds. Some scientists have speculated that, over billions of years, impacts on the surface
of Titan could have melted frozen surface materials, yielded water, and thus enabled chemical reactions that could possibly
produce amino acids. Since prebiotic organic chemistry is considered a possibility on Titan, this planetary satellite
is considered a good target for astrobiological investigation.

Observations fromNASA’sCassiniSaturn Orbiter have revealed that the dark equatorial regions, previously observed on
Titan and thought to be possible liquid hydrocarbon oceans, are seas of sand dunes similar to those found on Earth. The
sand may have formed through bedrock erosion caused by liquid methane rain. Another theory is that the sand may come
from organic solids produced by photochemical reactions in Titan’s atmosphere. Observations from the European Space
Agency’s Huygens Probe during its descent through Titan’s atmosphere have shown gullies, streambeds and canyons
there, along with ice pebbles and possible methane or ethane ground fog on surface. The surface is darker than originally
thought, consisting of a mixture of water and hydrocarbon ice. The scientific consensus is that Titan’s methane
is not a product of biological activity.

Visit NASA's websites for Saturn’s moons and Solar System Exploration for more information.
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Spacecraft observations have revealed that Jupiter’s moons
Europa,
Ganymede and Callisto are all covered with water ice. Most recently, observations of these three planetary satellites by the Galileo
spacecraft have indicated that they may all have liquid water oceans beneath their icy crusts. The presence of liquid
water makes these bodies good targets for astrobiological exploration. Europa is an especially promising target for astrobiological
investigation. A National Research Council task force has reported that “hydrothermal systems are likely to have
operated within a few hundred kilometers of Europa’s surface at some point in its history.” (See“
Preventing the Forward Contamination of Europa.”)


Scientists speculate that hydrothermal activity could have occurred on Ganymede as well at some point in its history. While
Callisto differs from Europa and Ganymede in some important respects, it also appears to have a subsurface liquid water
ocean. Prudence dictates taking precautions to avoid contamination of Europa, Ganymede and Callisto in order to ensure
preservation of the record of natural processes on these bodies. Planetary Protection considerations are thus a key component
of planning for NASA’s future missions to further explore Eurpoa or Jupiter’s other icy satellites.

Visit the NASA website for Jupiter’s moons and Solar System Exploration for more information.
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                                      Jupiter is the fifth planet from the sun and the largest planet within the solar system. It is two and a half times as massive as all of the other planets in the solar system combined. Jupiter — along with Saturn, Uranus and Neptune — is classified as a gas giant. The planet Jupiter is primarily composed of hydrogen with a small proportion of helium; it may also have a rocky core of heavier elements under high pressure.

Jupiter is considered to be of significant interest relative to the process of chemical evolution and the origin of life, however, the chance that contamination carried by a spacecraft could compromise future investigations is considered to be remote. Therefore, Planetary Protection is not a major concern for missions to this planet. Accordingly, missions to Jupiter be assigned to Category II.

Visit NASA's websites for Jupiter and Solar System Exploration for more information.
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Mars is a primary target in the search for evidence of extraterrestrial life, past or present. This planet appears
to possess all of the materials and some of the environments associated with life on Earth. While the surface of Mars
is now cold and dry, some scientists believe that conditions on the planet may have been much like those on Earth early
in solar system history (though others speculate that Mars may have been cold and dry in this early period). And Mars
subsurface conditions are now, and may always have been, quite different than those on the Martian surface.

In recent years, NASA’s Mars Global Surveyor (MGS) and Mars Odyssey spacecraft have made observations that show evidence
of plentiful water ice. More recently,NASA’s Mars Exploration Rovers,Spirit and Opportunity, and the European Space
Agency’s Mars Express orbiter have collected evidence of past liquid water on the planet’s surface. Some
scientists claim observations also reveal signs of possibly recent liquid water flows on the surface of Mars. Others
speculate that Mars may have been cold and dry, as it appears to be today, for billions of years. Scientists have long
considered, as well, that liquid water may have existed, and may still exist today, beneath the surface of Mars. They
have also explored the possibility of interplanetary transfer of microbial life from Mars to Earth or Earth to Mars.
Such transfers could have resulted from the high-velocity ejection of soil and rock caused by planetary impacts of comets
and other small bodies early in the history of the solar system, when such events were frequent. Planetary Protection
considerations for missions to Mars are thus substantial, and sterilization requirements for spacecraft landing on Mars
are strict. Planetary Protection requirements for MGS and Mars Odyssey are intended to ensure that the orbiting spacecraft
do not inadvertently drop out of orbit and crash onto Mars after their missions are completed. Planetary Protection requirements
for the Mars Exploration Rovers are intended to ensure that these landers did not transport Earth microbes to the surface
of Mars.

Planetary Protection techniques that may be applied to spacecraft bound for Mars include clean manufacturing processes for
spacecraft components and the use of cleanroom techniques during spacecraft assembly, test and launch operations. Biological
contamination loads may be reduced by methods such as alcohol wiping, dry heat microbial reduction and hydrogen peroxide
sterilization. Radiation treatment is an option for spacecraft components that can tolerate it, and newer molecular-level
contamination detection methods may also be employed to characterize biological loads. Cultivation-based microbial assays
are still the standard forward contamination control method, in part because of the lack of comparability with molecular
methods and also because of additional personnel, training and requirements associated with molecular methods. These
newer methods are attractive, however, because a biological load measurement that could take three days to complete using
a microbial cultivation assay could be made in less than one hour using a molecular detection method.

Missions to Mars may be designated Category III, IVa, IVb or IVc for Planetary Protection purposes, depending on their aims.
Mars orbiters such as MGS and Mars Odyssey are classified Category III and subject to biological burden limits or orbital
lifetime requirements to ensure against inadvertent contamination of the planet in the event of a crash. Mars landers
not carrying instruments designed to search for evidence of extant Martian life are designated Category IVa and subject
to biological contamination limits: their biological burden is restricted to a level no greater than the Viking-lander
pre-sterilization level.


Mars landers carrying instruments designed to search for evidence of extant Martian life are designated Category IVb and
subject to more stringent sterilization requirements: The entire landed system must be sterilized at least to Viking
Lander post-sterilization biological burden levels or to levels of biological burden reduction driven by the nature and
sensitivity of the particular life-detection experiments, whichever are more stringent — or, alternatively, subsystems
to be used in acquiring, delivering and analyzing Martian samples for in-situ life detection experiments must be sterilized
to these levels, and a method of preventing recontamination of sterilized subsystems and contamination of material to
be analyzed must be in place. 

Mars lander missions intended to explore so-called “special regions,” areas where liquid water is present or
likely to occur — even if they are not designed to carry life-detection instruments — are designated Category
IVc and subject to stringent sterilization requirements, in whole or in part, determined by the parameters of the mission,
such as landing method, landing site or rover mobility.

Visit NASA's websites for Mars and Solar System Exploration for more information.
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                                      The timeline of lunar exploration from 1959 to 2013 includes Luna 1, which performed a flyby in 1959, and LADEE and Chang’e3, which orbited and landed on the moon, respectively. Scientists have found no evidence of liquid water on the moon and none of the more than 2,000 samples of lunar material brought back to Earth by six Apollo missions yielded any evidence of past or present lunar biological activity. Thus, the current scientific consensus is that the potential for indigenous life on the moon is negligible, and that forward and back contamination resulting from lunar exploration are not concerns. (See the National Research Council’s Space Studies Board report,“Evaluating the Biological Potential in Samples Returned from Planetary Satellites and Small Solar System Bodies: Framework for Decision Making.”)

Claims have been made that a terrestrial microbe was transported to the moon aboard the Surveyor 3 robotic lunar lander, survived in a dormant state for more than two and a half years on the lunar surface, and proved to be still viable upon return to Earth. Apollo 12 astronauts retrieved the Surveyor 3 camera from the surface of the moon and brought it back to Earth for analysis. Laboratory examination of this returned hardware at NASA’s Manned Spacecraft Center (now Johnson Space Center) included efforts to culture possible microbes on the hardware. Some researchers involved in the laboratory examinations claimed they found a viable terrestrial microbe — specifically,Streptococcus mitis bacteria — embedded in this hardware, but others have argued that the microbial life they found was a result of contamination introduced during the laboratory examination.


Visit the NASA websites for the Earth’s Moon and Solar System Exploration for more information. 
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                                      The most stringent Planetary Protection requirements apply to missions that will be returning samples to Earth from solar system bodies that are considered potential sites for life. The first “restricted Earth return” mission, requiring strict containment of extraterrestrial samples brought back to this planet, may be NASA’s first Mars sample return mission, tentatively planned for the second decade of this century. Samples will have to be completely contained before the sample return vehicle leaves the surface of Mars, and containment will have to be maintained throughout the trip from Mars to Earth’s surface.

Returned samples will have to be housed in a Bio-Safety Level 4 (BSL-4) biocontainment laboratory. (BSL-4 is the U.S. government’s designation for the strictest level of biological containment.) No Martian samples may be released from this facility until they pass an extensive battery of tests designed to detect any evidence of past or present biological activity. NASA has drafted a Mars sample return protocol specifying procedures for containment and handling. Samples of extraterrestrial materials returned to Earth from bodies that are not considered suitable sites for life will not be required to meet containment requirements beyond those required to protect the scientific value of the samples.

Visit NASA’s Science Mission Directorate website for more information about Earth science at NASA.
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                                      In size, mass and composition, Venus is similar to Earth. On Venus, however, surface temperatures are over 450 degrees Celsius (842 degrees Fahrenheit), atmospheric pressure is 90 times that on Earth and there is no water. The atmosphere of Venus is made up mainly of carbon dioxide and contains sulfuric acid.

Some scientists have speculated that microbial life might be able to survive in the atmosphere of Venus. The Space Studies Board (SSB) of the National Research Council has considered the possibility of atmospheric venutian life and concluded that the environment of Venus is too harsh to support life as we know it. Planetary Protection is therefore currently not a major concern for missions to this planet. Nonetheless, the SSB recommended that missions to Venus be assigned to Category II.

Visit NASA's websites for Venus and Solar System Exploration for more information.
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                                      This course covers what the requirements are for Planetary Protection for robotic missions, how to meet those requirements and lessons learned from past missions. Specifically, the course typically covers

	What Planetary Protection is
	Treaties, regulations and government policies
	Biology of microbes
	Extremophiles
	Laboratory techniques and practices
	How to plan for compliance
	Guidelines for hardware design
	Probability of impact/break-up and burn-up
	Compliance, statistics, data analysis and reporting
	Real-time implementation lessons learned (the engineer’s perspective)
	Upcoming missions
	Laboratory results 


For information on offerings, contact Amy Baker, a course instructor with SETI/Technical Administrative Services

Length: 3 days

Audience: This course is intended for any center Planetary Protection lead with a project required to meet Planetary Protection requirements, for example, flight projects such as Mars 2020 or Insight. The course is also recommended for contractors responsible for such requirements. 
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                                      The history and development of Planetary Protection has been chronicled in many texts and articles. The following are a brief timeline of key events and selected references. 

	1956	Concerns regarding lunar and planetary contamination are raised at the International Astronautical Federation 7th
            Congress in Rome.
	1958	A report issued by a subcommittee of the International Council of Scientific Unions describes the first code-of-conduct for Planetary Protection and recommended that the newly formed
            Committee on Space Research (COSPAR) should resume responsibility for matters of Planetary Protection (October 1958).
	1958	United Nations Committee on the Peaceful Uses of Outer Space is formed (December 1958).
	1961	The first flight project using the new Planetary Protection recommendations was the Ranger project.
	1964	COSPAR re-establishes first set of quantitative Planetary Protection objectives.
	1975	The Viking Lander Capsule 1 and 2 are subjected to terminal sterilization using Dry Heat Microbial Reduction.
	1978	Space Studies Board publishes Recommendations on Quarantine Policy for Mars, Jupiter, Saturn, Uranus, Neptune and Titan.
	1984	COSPAR accepts revised Planetary Protection policy that includes the mission categories (I-IV) that focus on target
            bodies and mission types.
	1992	Space Studies Board publishes
            Biological Contamination of Mars: Issues and Recommendations, which concluded that contamination could
            compromise the integrity of life-detection experimentation.
	2003	COSPAR modifies Planetary Protection policy to include Category IVc to protect “special regions” on
            Mars, which were defined as “a region within which terrestrial organisms are likely to propagate, or
            a region which is interpreted to have a high potential for the existence of extant Martian life forms.”


Selected References

	When Biospheres Collide: A History of NASA’s Planetary Protection Programs, Sept. 14 2011, Michael Meltzer
	The Planetary Quarantine Program: Origins and Achievements, 1956-1973
	Scientific Concern Over Possible Contamination
	Planetary Protection for Icy Moons: Updating the SSB Europa Report, May 2012, Lunar and Planetary Institute
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