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PLANETARY PROTECTION IN MISSION

The corner stone of the policy of planetary protection in interplanetary missions is requirement of protecting the explored planets and the Earth from biological contamination (Article IX of Outer Space Treaty, London/Washington, 27 Jan 1967). The Committee on Space Research (COSPAR) developed classification of missions and certain recommendations and number of measures to meet the planetary protection requirements [1], Table 1. The main goal of all measures is to protect planets from earth microbiological contamination and to protect the Earth from possible biological contamination by extraterrestrial soil samples and/or from returned probes (SC systems, subsystems, etc.). 

Table 1. Classification of Interplanetary Missions by COSPAR (2002)
	Categories for Solar System Bodies and Types of Missions

	Mission type and target body 
	Category I 
	Category II 
	Category III 
	Category IV 
	Category V 

	
	Flyby, Orbiter, Landing Vehicle (LV): Venus, Moon, some asteroids, others (ТВD)
	Flyby, orbiter, LV: comets, Carbonaceous Chondrite Asteroids, Jupiter, Saturn, Uranus, Neptune, Pluto, Charon, others (ТВD)
	Flyby, Orbiters: Mars, Europa, others (ТВD)
	Lander Missions: Mars, Europa, others (ТВD).

Subcategories IVa, IVb and IVc
	Any Earth return missions. 

Subcategories:

1. “Restricted Earth return” (possible danger at return to the Earth): from Mars, Europa, others (ТВD)

2. “Unrestricted Earth return” (no danger at return): from Moon, others (ТВD)

	Planetary protection requirements 
	None
	Record on planned impact probability and, possibly, some measures for microbiological contamination control 
	Limit on impact probability or passive bioburden control
	Limit on probability of non-nominal impact. 

Limit on bioburden (sterilization and decontamination) 
	In case of possible danger at Earth return: 

• no impact on Earth or Moon;
• returned hardware sterile;
• containment of any sample


This section covers principles of planetary protection of “Phobos-Grunt” mission [2-3] the main goal of which is to deliver Phobos (Mars moon) soil samples to the Earth and describes the measures taken for protecting Mars and the Earth in detail. 

In addition to execution of main mission task and realisation of a wide range of research experiments, the mission plan includes biological experiments “Bio-Phobos” (the Russian Academy of Sciences, Lomonosov Moscow State University) and “Bio-LIFE” (the Planetary Society, USA) for exploring effect of deep space on earth microorganisms and their survival rate under conditions of open outer space, which can give certain information on ecological safety of space hardware. 

Besides, it was originally supposed in “Phobos-Grunt” mission that the descent vehicle representing a meteorological ministation would land on Mars surface to transmit data on Martian atmosphere to the Earth. However, according to Decision dated 23 Apr 2009 “On termination of development of variant of placing a small meteorological station on “Phobos-Grunt” SC”, activities connected with small meteorological station DV have been stopped, and the issue on including a small meteorological station in another Mars mission project is being decided now. Nevertheless, in 2008–2009 activities were taken to optimise modes of sterilisation of Mars landing vehicles by irradiating them on the electron accelerator [4-5] which is of value for prospective future contact explorations of Mars. 

According to Decision signed in 2002, the scientific-methodical support of the mission planetary protection program is provided by the Russian Federation State Research Centre – Institute of Medical and Biological Problems of the Russian Academy of Sciences (RF SRC – IMBP of RAS), and the program implementation measures including soil delivery to a special laboratory are taken by Lavochkin Science and Production Association FSUE. 

“Phobos-Grunt” SC is supposed to be launched in November, 2011. Scheme of “Phobos-Grunt” interplanetary mission includes the following phases: 

· injection into trajectory of departure from the Earth;
· Earth-Mars Flight with three corrections of trajectory;
· deceleration and injection into initial three-day Mars space vehicle orbit, separation of sustainer propulsion plant and adapter truss, fulfilment of one or two small corrections, and separation of Chinese satellite YH-1;
· step-by-step approach of SC orbit to Phobos orbit to distances that allow landing;
· landing on Phobos surface and soil sampling;
· take-off from Phobos and flight on circular base MSV orbit;
· transition to high-apogee pre-launch MSV orbit;
· acceleration from pre-launch orbit to the Earth;
· Mars-Earth flight with fulfilment of up to five corrections;
· Earth atmosphere entry and landing;
· search and evacuation of descent vehicle with Phobos soil samples.

The transfer module of “Phobos-Grunt” SC represents an open platform which carries on-board service systems, scientific instruments, and Earth recovery rocket with descent vehicle under covered with untight thermal protective shell. Chinese SC YH-1 is placed under the transfer module along –ХSC axis. 

Flight to Mars is implemented by means of SPP which represents a modification of PP of Fregat transfer orbit stage with drop tanks.

Thus, it is necessary to solve two important tasks in “Phobos-Grunt” mission: protection of Martian environment from possible ingress of earth microorganisms and protection of the Earth from potential threat in case of delivery of other planet soil. 
Let's consider main phases of “Phobos-Grunt” SC flight and ways of solution of main planetary protection problems in more details.

PLANETARY PROTECTION OF MARS
The COSPAR Mars protection policy is established so that the astrobiologists investigating Mars will be able to avoid problem of exposing possible Martian life forms to affect of life forms casually brought from the Earth. 

According to COSPAR classification [1] flight of “Phobos-Grunt” mission orbiter (transfer module) pertain to category III which limits probability of SC breakup (failure) and fall of the same onto Mars to protect Martian environment from earth microorganisms. 

· According to the criteria set by the COSPAR planetary protection policy, the following requirements to probability of SC impact on Mars should be met: 

· ≤ 0.01 for the first 20 years of the vehicle life;
· ≤ 0.05 for the next 30 years.

If SC cannot satisfy the above conditions, level of microbiological contamination of SC is limited, namely: microbiological contamination of free surfaces of orbiter at assembly completion moment should not be more than 500 bacterial spores per square metre, and its total bioburden should not exceed 5*105 bacterial spores.

This level of microbiological cleanness is attained by sterilisation of some elements of the vehicle and cleaning of other elements, which cannot be sterilised without deteriorating their 
quality, with subsequent assembling in a clean room with cleanness level not worse than class 100,000 as per the USA Federal Standard FS 209В [6] (class 8 according to GOST ISO 14644-1-2002 [7]). As far as “Phobos-Grunt” SC is concerned, the first approach is adopted, i. e. probability of SC breakup and fall of the same (or its components) in Mars atmosphere is limited. 

Thus, to solve Mars planetary quarantine task we shall thoroughly calculate probability of SC impact on Mars atmosphere based on combination of calculation of SC reliability characteristics in different mission phases [8] and ballistic flight trajectory analysis [9]. 

Evaluation of “Phobos-Grunt” SC Reliability at Different Flight Phases

As indicated above, to calculate probability of SC impact on Mars atmosphere, we shall know “Phobos-Grunt” SC reliability at different mission phases. To calculate this quantity, we use values of probability of no-failure (PNF) of components and on-board systems set out in corresponding tactical and technical requirements (TTR) and presented in Table 2.

Table 2. PNF Values for “Phobos-Grunt” SC OBSs during SC Flight

	On-Board System
	PNF (as per TTR)

	OBCS (on-board control system)
	0.994

	OBRS (on-board radio system)
	0.994

	AFS (antenna-feeder system)
	0.9999

	NBA (narrow-beam antenna) drive
	0.999

	PSS (power supply system):

- automatic control and stabilization system (ACSS)

- chemical current source (CCS)

- storage battery (SB)

- photovoltaic array (PVA)
	0.998

0.9995

0.9992

0.9998

	PP (propulsion plant)
	0.995

	Structure
	0.9999

	OBCN (on-board cable network)
	0.9999

	TCS (thermocontrol system)
	0.9999

	SPPP (solid-propellant propulsion plant)
	0.999

	SPP (sustainer propulsion plant)
	0.999


PNF values of radioelectronic OBS in different mission phases are obtained by converting PNF values set in TTR with consideration of phase duration.

According to exponential distribution law, PNF of electronic systems is defined by the following formula [10]:
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By simple conversions for mission phase with duration Т2 we obtain the PNF conversion formula:
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where РТ1 and Т1 are PNF and OBS operation time as per TTR (as a rule, it is mission duration), respectively. 

Procedure for calculating SC PNF in different flight phases is demonstrated in detail in the first phase example (injection of SC into Earth space vehicle reference orbit), reliability block diagram of which is presented in Figure 1.
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Figure 1. Diagram of Reliability for Injecting SC into Earth Space Vehicle Reference Orbit

As shown in the block diagram in Figure 1, “Phobos-Grunt” SC PNF during injection into Earth space vehicle reference orbit is defined by formula:


РRO injection= РLV × РNF × РAT × РSS × РSPP × РTM,
(3)

where РLV is launch vehicle (LV) PNF; РNF is nose fairing (NF) PNF; РAT is adapter truss (AT) PNF; РSS is separation system (SS) PNF; and РTM is transfer module PNF for time of injection into reference orbit. 

In turn, РTM is defined through OBS PNF by formula:


РTM = РOBCS × РOBRS × РSB × РPP × РACSS,
(4)

where РOBCS is PNF of TM on-board control module; РOBRS is PNF of TM on-board radio system; РSB is PNF of TM PSS storage battery; РSPP is PNF of sustainer propulsion plant; and РACSS is PNF of TM PSS automatic control and stabilization system.

Summary Table 3 indicates PNF values of components, OBSs and SC as a whole in different phases of “Phobos-Grunt” SC flight till arrival in Mars space vehicle orbit.

Table 3. PNF Values for “Phobos-Grunt” SC in Different Flight Phases 

	Description of SC Component and OBS
	PNF

	1. Injection into reference orbit (RO), duration of 2.5 h
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	Component
	

	Launch vehicle (LV)
	0.804

	Nose fairing (NF)
	0.999

	Adapter truss (AT)
	0.999985

	Separation system (SS)
	0.9(5)86

	SPP
	0.999

	TM for time of injection into RO 
	0.999569

	OBS for time of injection into RO

	TM OBCS 
	0.9(6)5

	TM OBRS 
	0.9(6)325

	TM SB 
	0.9(7)

	TM ACSS 
	0.9(7)88

	TM PP
	0.99957

	Р RO injection
	0.978

	2. Injection into interim orbit, IO (510 s)
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	OBS

	OBCS
	0.9(7)7

	OBRS
	0.9(7)61

	SB
	0.9(8)4

	ACSS
	(1

	TM PP 
	0.999

	РTM 
	0.9989997

	РIO injection
	0.978

	3. Acceleration into interplanetary trajectory (IPT) (3.5 h + 967 s)
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	OBCS
	0.9(6)25

	OBRS
	0.9(5)89

	SB
	0.9(6)85

	ACSS
	0.9(7)82

	TM PP 
	0.999

	РTM 
	0.998998

	РIPT acceler.
	0.997998

	4. 1st correction 
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	OBS before 1st correction (10 days)

	OBCS
	0,9(4)52

	Antenna-feeder system (AFS)
	0,9999

	OBRS
	0,9(5)7


Table 3, Continued

	TCS
	0.9(5)7

	PVA
	0.9(6)4

	SB
	0.9(4)897

	ACSS
	0.9(5)7

	TM PP 
	0.999

	РTM 
	0.99884

	OBS during 1stcorrection (17 s)

	OBCS
	(1

	AFS
	0.9(8)8

	OBRS
	(1

	TCS
	(1

	PVA
	(1

	SB
	0.9(9)

	ACSS
	(1

	TM PP 
	0.999

	SPP
	0.999

	Р1C = 0.999*0.99884
	0.99784

	5. 2nd correction
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	OBS from completion of 1stcorrection till 2nd correction (55 days)

	OBCS
	0.999736

	AFS
	0.99945

	OBRS
	0.9999835

	TCS
	0.9999835

	PVA
	0.9(5)67

	SB
	0.9(4)43

	ACSS
	0.9999835

	TM PP 
	0.999

	РTM 
	0.99813

	OBS during 2nd correction (2 s)

	OBCS
	(1

	AFS
	0.9(8)8

	OBRS
	(1

	TCS
	(1

	PVA
	(1

	ACSS
	(1

	SB
	(1

	TM PP 
	0.999

	SPP
	0.999

	Р2C = 0.999*0.99813
	0.99713

	6. 3rd correction
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	OBS from completion of 2nd correction till 3rd correction (240 days)

	OBCS
	0.998848


Table 3, Ended

	AFS
	0.9976

	OBRS
	0.999928

	TCS
	0.999928

	PVA
	0.9(4)856

	SB
	0.99975

	ACSS
	0.999928

	TM PP 
	0.999

	РTM 
	0.99497

	OBS during 3rd correction (10 s)

	OBCS
	(1

	AFS
	0.9(8)8

	OBRS
	(1

	TCS
	(1

	PVA
	(1

	SB
	(1

	ACSS
	(1

	SPP
	0.999

	Р3C = 0.999*0.99497
	0.99397

	7. Arrival in Mars space vehicle early orbit (MSVO)
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	OBS from completion of 3rd correction till SPP separation (15 days)

	OBCS
	0.9999279

	AFS
	0.999849

	OBRS
	0.9(5)5499

	TCS
	0.9(5)5499

	PVA
	0.9(6)1

	SB
	0.9999845

	ACSS
	0.9(5)5499

	TM PP
	0.999

	РTM 
	0.99872

	РMSVO
	0.998723

	8. SC PNF since start from Earth till arrival in MSVO (310 days)

	OBCS
	0.998512

	AFS
	0.9969

	OBRS
	0.999907

	TCS
	0.999907

	PVA
	0.9(4)814

	SB
	0.99968

	ACSS
	0.999907

	TM PP
	0.999

	SPP
	0.999

	Drop tank (DT) SS
	0.9(5)86

	SPP SS
	0.9(5)86

	Phase probability 
	0.99278


Note: Digit in brackets corresponds to quantity of digit “9” after comma. 

Thus, SC PNF, i. e. probability of successful accomplishment of phase since start from the Earth till injection into MSVO is Р = 0.99278.
Calculation of Probability of “Phobos-Grunt” SC Impact on Mars

This section contains result of calculation of probability of entry of “Phobos-Grunt” SC and/or its components into Mars atmosphere obtained by thorough analysis of SC trajectory and combination of these data with results of above-mentioned SC PNF evaluation in different mission phases. To launch SC in 2011, we selected the “Phobos-Grunt” SC guidance strategy minimising hazard of SC impact on Mars, as well as SC composition, construction, hardware and propulsion plants ensuring due probability of no-failure of all subsystems and vehicle as a whole are selected. The below analysis and calculations confirm this selection.

Main guesses for calculating probability of entry of SC and its parts into Mars atmosphere

Entry of SC and its components into Mars atmosphere with the above mission scheme is possible in case of SC failure and further passive flight in the following phases:

1) from interplanetary trajectory,
2) as a result of evolution of initial MSV orbit,
3) in case of erratic transfer manoeuvre from initial orbit to transfer orbit,
4) in case of erratic transfer manoeuvre of re-entry vehicle from transfer orbit to pre-launch orbit.

In the other phases, entry into Mars atmosphere is impossible for the following reasons:

1) SC failure in the phase of injection into interplanetary trajectory can result only in Earth atmosphere entry;
2) SC failure after manoeuvre of injection into observation orbit does not result in entry into Mars atmosphere since evolution of circular orbit of about 10 thousand km in radius under the influence of gravitational disturbances from the Sun and planets (mainly Jupiter), noncentral field of Mars and solar pressure does not cause reduction of pericentre altitude to altitudes, which are at least comparable with altitude of dense atmospheric layers;
3) SC entry into Mars atmosphere in case of SC failure on near-Phobos orbits and at presence on Phobos surface is possible only together with Phobos;
4) SC entry into atmosphere in case of failure during manoeuvres for transferring SC to transfer orbit and trajectory of flight to the Earth is impossible, since manoeuvres are carried out in pericentres of orbits.

Evolution of minimum altitude of observation orbit for 50 years is shown in Figure 2.
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Figure 2. Variation of Observation Orbit Altitude for 50 Years

Probability of SC entry into atmosphere from approach trajectory

Probability of SC entry into Mars atmosphere from approach trajectory 
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 was calculated as per the following formula:
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where 
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 is probability of SC failure in the phase between injection into Mars flight trajectory and correction, i. e. probability of further purely passive flight; 
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 is probability of intersection of interplanetary trajectory dispersion ellipse with Mars disc (with consideration of atmosphere) with no corrections; 
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 is probability of SC failure in the phase between the first and second corrections, i. e. probability of further purely passive flight; 
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p

 is probability of intersection of interplanetary trajectory dispersion ellipse with Mars disc with the first correction only; 
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 is probability of SC failure in the phase between the second and third corrections; 
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p

 is probability of intersection of interplanetary trajectory dispersion ellipse with Mars disc (with consideration of atmosphere) with the first and second corrections; 
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q

 is probability of SC failure in the phase between completion of the third correction and manoeuvre of injection into initial MSV orbit; and 
[image: image21.wmf]À3

p

 is probability of intersection of interplanetary trajectory dispersion ellipse with Mars disc after the third correction.

Probability of SC failure in 
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-th phase represents a difference of unity and probability of no-failure in this phase:
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 are taken from section 2 containing data on operational reliability of SC in each of flight phases.

Probability of SC impact on Mars in each of flight phases on interplanetary trajectory was evaluated as an integral over density of Mars disc intersection probability in picture plane:
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where is 
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 density of interplanetary trajectory dispersion ellipse probability; 
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 are modules of coordinates of Mars atmosphere boundaries in picture plane.

Density of interplanetary trajectory dispersion ellipse probability in 
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-th phase is determined by Monte-Carlo method as per covariance matrix in 
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-th phase and statistical processing of 100,000 variants of trajectory in this flight phase.

It has been determined as a result of calculations that
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There is also probability of SC entry into Mars atmosphere on the subsequent heliocentric trajectory passes as a result of absence of transfer manoeuvre into MSV orbit and subsequent close flyby with effect of gravitational manoeuvre. But probability of this event is three orders less than 
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 for 20 years and on four orders less for 50 years. Therefore possibility of such event is not considered in further evaluations.

Probability of SC entry into atmosphere as a result of evolution of initial MSV orbit

The chance of entry or non-entry of SC or its parts into atmosphere mainly depends on altitude of orbit pericentre and its further evolution as a result of gravitational effect of the third bodies (the Sun, Jupiter, etc.).

Nominal altitude of initial orbit is equal to 800 km with maximum error 
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 of ± 400 km.

Different variants of initial orbit evolution have been analyzed in various combinations of parameters, and it was determined that atmospheric entry (reduction of minimum altitude to 100 km) is possible approximately in 4 years at initial pericentre altitude equal to 400 km. The orbit evolution diagram at 
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= 400 km is presented in Figure 3.
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Figure 3. Variation of Minimum Orbit Altitude with Pericentre Altitude of 400 km

We determined the pericentre altitude threshold value at which minimum altitude lowers to 100 km. This event takes place at 
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= 430 km (Figure 4).
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Figure 4. Variation of Minimum Orbit Altitude with Pericentre Altitude of 430 km

SC entry into atmosphere under condition of its further passive flight along initial orbit happens with probability 
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 is probability of SC loss after injection into initial MSV orbit, РОИСМ is probability of no-failure of SC, and 
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 is probability of formation of initial orbit with pericentre altitude less than 
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It has been determined as a result of calculations that
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Probability of SC entry into Mars atmosphere in case of error of transfer manoeuvre between orbits

Mars atmospheric entry is possible if the following two events take place:

· output of speed pulse in incorrect direction (the worst is the direction opposite to the preset one);
· SC control system failure resulting in absence of PP switching-off command, i. e. all fuel in tanks at this moment will be spent for changing the orbit.
The first event probability is valued as 0.05 %, and the second one, 0.001 %.

Total probability of SC entry into Mars atmosphere

Probability of SC entry into Mars atmosphere in different phases is stated in Table 5.

Table 5. Total Probability of SC Entry into Mars Atmosphere

	Flight phase in which atmospheric entry is possible
	Value of probability for 20 years
	Value of probability for 50 years

	From approach trajectory
	0.01 %
	0.01 %

	As a result of initial orbit evolution
	0.03 %
	0.1 %

	During transfer orbit formation 
	0.05 %
	0.05 %

	During pre-launch orbit formation
	0.05 %
	0.05 %

	Total probability of SC entry into Mars atmosphere
	0.14 %
	0.21 %

	Probability of SC non-entry into Mars atmosphere
	99.86 %
	99.79 %


Thus, as a result of quantitative assessment of all revealed hazards, trajectory and reliability analysis of SC flight phases, the following values of probability of SC existence and non-entry of the same into Martian environment were obtained:

- for the first 20 years of SC flight 
 99.86 % > 99 %,

- for 50 years of SC flight 
 99.79 % > 95 %,

(respectively for last 30 years 
 ≥ 99.79 % > 95 %).

The obtained results allow to make the important conclusion saying that COSPAR requirements for protection of Mars from contamination by earth microorganisms which can be brought by SC or its components in “Phobos-Grunt” mission are met.

PLANETARY PROTECTION OF THE EARTH
According to COSPAR classification, the mission phase for delivery of Phobos soil to the Earth in a container located on descent vehicle comes within Category V which covers any Earth return missions.

In turn, Category V is divided into two Subcategories [1] (also see Table 1) which reflect degree of danger to the Earth posed by spacecrafts returned from other planets (or their components), namely:

1. For vehicles returning from the Solar system bodies, on which (from the point of view of current state of knowledge) no local life forms exist, subcategory “unrestricted Earth return” is defined, i. e. actually those are return missions safe for the Earth. Return of soil or SC from the Moon, small space bodies, etc. (TBD) pertains to such missions.

Planetary protection requirements are imposed on spacecrafts of this subcategory missions only according to the category of departure phase (in case of “Phobos-Grunt” SC, it is Category III).

2. Missions of return from Mars, Europa, etc. (TBD) come within to subcategory “restricted Earth return”, i. e. they are considered as return missions posing potential danger to the Earth. 

Such missions shall meet the highest-level requirements which consist in:

- absolute prohibition of breakup (decapsulation) of capsules with other planet samples in case of collision with the Earth upon return,
- necessity of containment of hardware or non-sterilized constructions and materials, which contacted a target body, throughout the return phase (so-called “break the chain of contact”), 

- necessity of isolation of any samples collected and returned to the Earth.

On completion of mission, there is a need to conduct timely analyses of any unsterilized sample collected and returned to Earth, under strict containment, and using the most sensitive techniques. If any sign of the existence of a nonterrestrial replicating entity is found, the returned sample must remain contained unless treated by an effective sterilizing procedure. Analysis of Phobos soil is supposed to be conducted in a specialized organisation which possesses the licence for work with special dangerous microorganisms and has the quarantine laboratory for studies. 
For missions of return from moons of some planets (mainly, moons of Mars and Jupiter), according to [1], exact determination of a mission subcategory should be made by interdisciplinary scientific councils of RAS after considering six fundamental questions for each celestial body whose soil samples are to be probed and returned: 

1. Does the overwhelming majority of scientific data testify to the fact that liquid water never had been on surface of or inside a celestial body?

2. Does the overwhelming majority of scientific data testify to the fact that energy sources used for metabolism (metabolism of any organisms) never existed?

3. Does the overwhelming majority of scientific data testify to the fact that organic matters (СО2, carbon-dioxides or others) for life maintenance never had been on surface of or inside a space body?

4. Does the overwhelming majority of scientific data testify to the fact that a body was exposed to high temperatures (> 160°C) before liquid water disappeared?

5. Does the overwhelming majority of scientific data testify to the fact that radiation level there is sufficient for biological sterilization of earth life forms?

6. Does the overwhelming majority of scientific data testify to the fact that natural earthward flow (in particular, by means of meteorites) of a substance equivalent to samples to be delivered to the Earth from a celestial body took place?

The affirmative reply of the Russian Academy of Sciences to all these questions will allow to finally classify “Phobos-Grunt” mission as safe for Earth return mission of Category V. Now the issue is submitted to the Space Council of RAS.

Considering the fact that the mission goal is to deliver soil from Phobos, celestial body without atmosphere and water, we previously determined the status of final phase of mission as return mission safe for the Earth (“unrestricted Earth return”) of Category V. 

However, considering some ambiguity in determining a subcategory of last phase of mission and, thereby, the liability for the Earth safety, Lavochkin Science and Production Association FSUE as SC designer and RAS stipulated for a number of measures (approved by COSPAR representatives) to meet the requirements of planetary protection of the Earth during delivery of Phobos soil: 
1) Tightness of container with Phobos soil at all phases of mission till landing on the Earth.
2) specific Earth quarantine measures after delivery of Phobos soil to a special laboratory for examining physicochemical soil properties.
3) As far as “break the chain of contact” of hardware, which contacted Phobos, with the Earth, a number of measures is envisaged, namely:

- the transfer module with soil sampling device (manipulator) remains on Phobos,
- the recovery rocket that delivers the descent vehicle with soil to the Earth, burns down in the Earth's atmosphere, i.e. its fragments are exposed to natural sterilisation,
- the external surfaces of the descent vehicle containing the capsule with soil during free fall in the Earth's atmosphere are heated to temperature of approximately 1,500 degrees what ensures their natural sterilisation. 

To ensure personal and public safety and environment protection, according to the Federal law “On sanitary-and-epidemiologic health of population” dated 30 March 1999 No. 52-FZ within “Phobos-Grunt” project RF SRC – IMBP of RAS has developed medical-technical requirements for realisation of organizational, sanitary-antiepidemic (preventive) measures to be taken during work with Phobos soil samples and biological objects included in “Bio-Phobos” experiment in a specialized laboratory. Observance of the Russian legislation requirements has the priority value for any kinds of indicated activities and is mandatory for all organisations working with Phobos soil samples and biological objects in “Bio-Phobos” experiment, irrespective of organisation type and scale. 

In conclusion it should be noted that delivery of soil from Mars moon to the Earth and return of earth microorganisms exposed to deep space conditions for a long term will take place for the first time in the outer space exploration history. This implies our heavy responsibilities and thorough fulfilment of all planetary protection requirements in both major directions: protection of Mars from earth microorganisms (necessary for further planet explorations) and protection of the Earth from possible extraterrestrial contamination.

Different phases of “Phobos-Grunt” mission according to COSPAR classification come within different categories. This results in different levels of requirements to “Phobos-Grunt” SC components and, thereafter, requires different approach and different measures to be taken to implement the planetary protection policy. The analysis of measures being taken testifies to the fact that the COSPAR requirements are fulfilled in “Phobos-Grunt” mission. 
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