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I. OBJECTIVES 

 
The aim of this report is to analyze the sanitary risks of a crew involved in a long-term 
mission to the planet Mars and thus living in artificial conditions, using the Melissa loop 
system as life support system. 
More specifically, the issue here is (1) to define potential diseases, (2) to determine their 
causes, (3) to assess the probability of their occurrence and of their severity, by establishing 
risk categorization and prioritization and (4) to propose precautionary practical measures. 
 
The sanitary hazards involved are essentially environmental. Theoretically, environmental 
hazards stem from three relational levels that fit into each other as Russian dolls: (1) the living 
organism concerned, (2) the immediate milieu in which it lives, (3) the mediate environment 
in which this milieu is located. 
 
This report deals with the sanitary risks of a crew (1) living in a closed cabin (2) where vital 
functions are provided by the Melissa loop system and (3) where external conditions, in 
particular those of gravitation and radiation, are considered as those of the Earth. We shall 
therefore not consider here the environmental healthy hazards related to microgravity and 
radiation specific to Mars, but the sanitary risks, as they could occur on Earth, in a closed 
living area (confinement), for a crew living in very close quarters (promiscuity), thanks to the 
Melissa loop system considered as total life - support system. 
 
Thus, we care define in very general terms the three sources and groups of risk factors: (1) 
confinement (the cabin), (2) lack of privacy (the crew) and (3) the total life support system 
(the Melissa loop system). Yet, as regards their sanitary impact, these three groups of factors 
are interrelated to such an extent that, it is impossible to consider the sanitary risks 
specifically related to the Melissa system, without taking into consideration those related to 
the crew’s lack of privacy and confinement in the living area. 
 
Following a general reminder of (1) living conditions on Earth, (2) the mission’s conditions 
and (3) the definition and quantification of risks, this document successively analyzes: (1) the 
different potential environmental diseases on Earth, (2) the vital risks for the crew, (3) the 
chemical, physical and microbiological risks, (4) the interrelations of these risks, (5) their 
classification according to the probability of occurrence and the degree of severity, before 
considering (6) the types of possible diseases for the crew, also ranked according to the 
probability of their occurrence and severity, (7) the prevention and precaution measures to 
take in order to avoid these and finally (8) the research directions needed to reinforce the 
presently established life support system and to set up a scientifically plausible and really 
efficient system, in order for the mission to be successful. 
 
 

II.  REFERENCES 

 
To conceive this report, we used: 
1. the document dated 22nd August 2005, entitled “ The Melissa loop: brief description “ 
prepared by Florence Marty, 
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2. the expertise report from Eco Process Assistance (EPAS) dated 27-02-2005, entitled: 
“ Biological, Chemical and Physical Risk Assessment “ TN2: Physical Risk Assessment 
3. the expertise reports of the biosafety expert’s team who worked on the subject 
“Introduction to biosafety issues of  regenerative life support systems”, in particular that of  
Pr. J-C. Péchère (Version 5, dated 20th April 2006) entitled  “ Microbiological risks 
associated with the Melissa loop” and that of Pr. G-E. Seralini dated December 2005 and 
entitled “ Chemical and genetic risks “, 
4. a study from the international scientific literature regarding environmental risks in general 
and more specifically, certain subjects regarding emerging microbiological diseases and new 
physicochemical diseases, such as “the sick building syndrome (SBS), the Gulf war syndrome 
(GWS), the multiple chemical sensitivity syndrome (MCS)”. For this, we referred to Pub Med 
as data library and to other documents from different sources. 
5. the specific work of ARTAC concerning environmental diseases induced by carcinogenic, 
mutagenic and reprotoxic (CMR) chemicals, the relations between cancer and environment, 
and a proposed classification of environmental diseases. 
 
 

III.  GENERAL CONSIDERATIONS 

 

3.1. Living conditions on Earth 
 
Before analyzing artificial living conditions and their sanitary consequences, such as offered 
by the Melissa system, it seems essential to recall the living conditions on Earth and how 
diseases occur here. In general, life is ruled by two types of constraints and thus, relies on two 
major types of factors: the inert physico-chemical environment from which it originated and 
that enables it to exist as organisms, and all the organisms that inhabit the inert environment, 
that constitute life and that enable it to exist and to last indefinitely. 
Thus, the general notion of biotope (comprising the inert environment and all the organisms 
that inhabit it) and that of ecosystems, which fix the relations among organisms and between 
organisms and the inert environment. 
  
Yet, life also depends on two other types of factors: at the individual level (organism), the 
physcico-chemical constancy of the internal milieu, and at the collective level (species), its 
diversification. 
At the individual level, any living organism is characterized by the homeostatic constancy of 
its internal milieu, which opposes to range of physico-chemical variations of the inert external 
environment. As regards complex organisms, including man (see further on), life is possible, 
only if external environmental conditions range limited variations. Beyond certain 
oxygenation, temperature, pressure, salinity and pH thresholds, life becomes impossible. 
At the collective level, due to evolution, life also means differentiation, speciation, 
diversification and biological prioritization of species, from the simplest to the more complex 
ones. Thus, after the appearance of the first elementary unicellular organisms, protozoa (that 
can be mainly associated with prokaryotes and, roughly, as bacteria), multicellular more 
complex organisms (metazoa) appeared, first constituted by plants, and then animals on which 
man entirely depends. Thus, the concept of biocenosis, constituted by all protozoa (bacteria), 
plants and animals, and the concept of multiple elementary ecosystems relating to one another 
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by hinges and finally of super-ecosystem, when considering globally all ecosystems as a 
whole combination of elementary ecosystems. 
Indeed, within biocenosis, contrary to frequent medical claims, bacteria must be paradoxally 
considered as having a vital role for the life of complex organisms, that requires to be 
perceived in the framework of the artificial recreation of a total life support system.  
Bacteria (1) are the causal origin of life on Earth,  
(2) are the cause of the current atmosphere on Earth by having provided its present 
oxygenation rate of 21%,  
(3) make up 50% of the Earth’s current biomass,  
(4) take up a great space, comprising the hydrosphere, lithosphere and atmosphere, including 
the troposphere up to the tropopause. Thus, the concept of bacteriosphere extending from the 
lowest point to the highest, over approximately 20 km, that we have proposed in order to 
explain the possibility of persisting life of complex organisms on Earth, 
(5) colonized all complex multicellular organisms, living normally in symbiosis with them, 
within the framework of host/bacteria ecosystemic relationship - still inadequately defined - 
that consists, depending on cases, on a mutual benefit system or on commensalism. Thus, in 
man, bacteria amount to 10% of the body weight and take up a vast area of the body, placing 
themselves as biofilms in the digestive tube, dental plaque, skin and mucous membranes, 
(6) show remarkable adaptability to large variations of the external environment (oxygen, 
temperature, pressure, pH, salinity, climate), i.e. much greater adaptability than that of 
multicellular complex organisms. These capabilities are indeed all the weaker biologically as 
the species considered is more complex. Thus, man, being placed at the end of the trophic 
chain and owing to the most evolutional complexity, shall be considered, as regards biology, 
as the species the most vulnerable to biocenosis variations and to physico-chemical variations 
of the inert environment. 
(7) ensured, and still ensure, the life of complex species, despite important variations of the 
inert physico-chemical environment. Indeed, our hypothesis is that, acting as a type of 
regulating buffer, the bacteriosphere must be conceived as playing some biological role 
comparable to that of attractors in physics, in order to provide living conditions for the more 
complex species, 
(8) therefore constitute the bases of life on Earth. It is obvious that, without bacteria, life on 
Earth would have not been possible, and it is highly probable that, without their permanent 
ubiquitous and abundant presence, life on Earth would be impossible today for complex 
species, including man. 
 
Thus, the “ bacterial view “, inherent to the Melissa project, should not only be approached 
from the medically based infectious risk standpoint, but also from that of the necessity to have 
a quantitatively sufficient and qualitatively sound bacterial environment surrounding the crew. 
The issue here is that this environment will be limited to the astronauts’ microflora (see 
further on ), that it will be concentrated, due to confinement, and that bacteria will be exposed 
to structural and functional modifications, induced by change in host/bacteria relationships 
and/or by aggressive effects of the inert environment, due to artificial conditions. 
 

3.2. Conditions for the occurrence of diseases on Earth 
 
Paleoanthropologic and historiographic data allow us to have an approximate idea of the 
conditions of onset and of the type of diseases having appeared on Earth, according to the 
climatic modifications and the development of human activities. Except for acute poisoning 
related to the ingestion of toxic plants, it is conceivable that the first diseases to have occurred 
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were zoonoses transmittable to man, as breeding and settling, which appeared in the Neolithic 
age, contributed to their transmission to man. 
The first zoonoses were probably bacterial and parasitic, before becoming viral. Today, 
among the 30 emerging diseases that appeared over the last 20 years, most of them are viral, 
and many of them are zoonoses, although, in several cases, the host – animal reservoir and /or 
the vector – is yet unknown. 
 
It is clear that, in the Melissa project, in order to limit the emergence of such diseases, all 
animals must be excluded, and in particular, all parasites and insects that are potential vectors 
of diseases. 
 
Physico-chemical diseases appeared much more recently, during the 19th century, and are 
mainly related to industrialization. An essential difference to consider is that infectious 
diseases have a relatively short pre-symptomatic incubation period and develop acutely, 
whereas physico-chemical diseases, apart from acute poisoning, are often characterized, 
conversely, by a long pre-clinical latency period (several years), associated with the exposure 
to risk factors, and by a subacute or mostly chronic development. It should be therefore 
considered that, in the case of the time limited mission to Mars, the emergence of these 
diseases and their symptomatic discovery may occur belatedly, i.e. after the mission and 
consequently that they should not be associated with a priority risk for the mission itself to be 
successful. 
 

3.3. Conditions of the mission and its risks  
 
The mission consists in landing on Mars a spaceship with a crew of 6 to 8 astronauts on 
board. The mission is scheduled to last 3 years. 
The life support system is provided by the Melissa loop system. Obviously, this mission 
entails risks that need to be defined and quantified. 
 

3.3.1. The Melissa system 
 
The Melissa loop system needs to provide the production of 100% of the oxygen, water and 
food required for the crew to live, thanks to human wastes recycling (compartments 1, 2, 3 
and 4A) and to plant growth (compartment 4B). Each production cycle lasts 13 days. Owing 
to the duration of the mission, about 110 cycles are forecast. 
 
There are at once several basic considerations regarding the present system:  
 
3.3.1.1. The Melissa system is an open system from an energetic viewpoint, but a closed 
system as far as matter is concerned, as the only outside supply is solar energy. 
 
3.3.1.2. All living organisms are open systems as regards thermodynamics. They can live, 
provided that a matter and energy flux continuously runs through them. In other words, this 
means that a living organism cannot breathe nor feed exclusively from wastes. It needs an 
outside source of matter and energy. 
 
3.3.1.3. Complex living organisms, such as man, are unable to use solar energy directly. They 
consume chemical energy released from covalent bonds mainly included in ATP molecules. 
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ATP molecules are generated by oxidation of glucose to carbon dioxide and water  (Krebs 
cycle). In this reaction of particular combustion, oxygen is an oxidizer and glucose, the fuel. 
 
3.3.1.4. As a result of this biochemical consideration, life of complex organisms is made 
possible only if there is a permanent and quantitatively sufficient flux in oxygen and glucose. 
In addition, there is a need of a permanent flux in macro and micronutrients in order to 
provide renewal of the organism’s structures. 
 
3.3.1.5. In the Melissa system, oxygen is provided by sectors 4A and 4B, and glucose and 
nutriments by sector 4B. The critical sector in the Melissa loop system providing the supply in 
matter and energy for the astronauts is therefore compartment 4B. From a thermodynamic 
viewpoint, it is vital for the crew that compartment 4B runs perfectly and permanently. 
 
3.3.1.6. However, as in all system, we need to consider the losses related to the functional 
degradation of the system: the longer the operating time is, the greater these losses will be. In 
the case of any living ecosystem and thus in the case of the Melissa life support system, these 
losses are of two types: 

(1) Energetic, linked to entropy (2nd principle in thermodynamics). We call these losses 
energetic entropic losses; 

(2) And material, linked to clogging in the system (layer of sediments in pipes, on the 
equipment and cabin walls, etc). We call these losses material entropic losses. These 
material losses may be quantitatively high, and as high as the system function during a 
long time. 

 
3.3.1.7. From a functional and thermodynamic viewpoint, there are thus three types of 
compartments and so, three sectors to individualize in the Melissa loop system: 

(a) compartment 4B providing matter and energy supply,  
(b) compartment 5 (the crew) consuming matter and energy and generating wastes, 
(c) compartments 1, 2, 3 and 4A providing wastes recycling. 

 
3.3.1.8. Any recycling of chemical  matter required to feed living organisms, and any 
construction of living matter required for the renewal and growth of living organisms’ tissue 
consume energy. Chemical reactions that allow recycling or construction of living matter  are 
endothermal. Conversely, any living organism consumes energy. The chemical reactions 
required to this functioning are exothermal. They release heat and consequently, increase the 
system’s entropy in which the organism is located in accordance with the second principle of 
thermodynamics. This heat is thus, by definition, immediately lost. Thus, the concept 
associating living organisms to dissipative structures. 
 
3.3.1.9. In the Melissa system, from the thermodynamic viewpoint, there are in fact two main 
energy sources, one external to the system, solar energy, involved in sector 4B, and the other, 
internal to the system, chemical energy (glucose) included in the culture media that contribute 
to the growth of bacteria in the recycling sector (compartments 1, 2, 3 and 4A). 
 
3.3.1.10. Solar energy is an inexhaustible source. It enables the functioning and growth of 
plants from chemical components present in the culture medium and the production of oxygen 
by photosynthesis. Thus, in principle, the only element to plan for its energetic compensation 
related to entropic losses. Here, the essential problem is to check to what extent solar energy 
flows brought to sector 4B are quantitatively sufficient to meet, through edible plants, the 
energetic needs of major physiological functions required for the astronauts to live. 
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3.3.1.11. The second energetic source is endogenic to the system. It corresponds to the 
chemical energy included in the form of glucose in bacterial culture media of the recycling 
sector (compartments 1, 2, 3 and 4A). This energy is exhaustible. In the absence of energetic 
supply, external to the system, no recycling is possible, as chemical reactions are endothermal 
(see previously). Thus, there is here the irreversible consumption of a critical quantity of 
energy internal to the Melissa system, which can be assessed in equivalent ATP. It needs to be 
determined and calculated based on the mission’s conditions. 
 
3.3.1.12. From a thermodynamic viewpoint, the way the Melissa system works thus consumes 
part of the matter that is provided by culture media, in an irreversible way. These are entropic 
material losses. In sector 4B, these losses are partly compensated by recycling, whereas, in the 
recycling sector itself (compartments 1,2, 3 and 4A), they cannot be recycled for the 
thermodynamic reasons previously mentioned. Therefore, as a whole, the Melissa system is 
designed to convert solar energy into internal chemical energy. This is a very weak point, for 
two reasons: on one hand, because solar energy is the only since of external energy to the 
system, and because it is relatively weak on Mars (see previously) and on the other hand, 
because the recycling sector cannot per se regenerate chemical energy. 
 
3.3.1.13. Compartment 4B generates oxygen through photosynthesis and organic and mineral 
edible matter including glucose from plants. 
There are three major considerations: 

(a) Oxygen generation and oxygen flux provided by photosynthesis in the 4B 
compartment, are not sufficient. They need to be completed by compartment 4A, in 
which bacteria recycle oxygen from carbon dioxide. 

(b) The crew’s food, solely based on plants, implies that the crew will be subject for a 
three-year period to a vegetarian diet.  

(c) Yet, from a functional viewpoint, compartment 4B is the more important in the system 
while it is the most vulnerable (see reasons further on). 

 
3.3.1.14. Compartments 1,2, 3 and 4A take part in the recycling of organic matter, water and 
oxygen. Risks are different here:  

(a) According to Pr. Péchère, compartment 1 is potentially the crew’s major source of 
infectious contamination (refer to Pr. J-C. Péchère’s document);  

(b) Functioning of compartment 3 is potentially the most vulnerable to infectious bacterial 
contamination, because of the low growth rate of the 2 nitrifying bacteria used (refer 
to Pr. J-C. Péchère’s document), which means that compartment 3 is the most 
vulnerable of the system, as regards waste recycling;  

(c) Compartment 1 (see further on), and in fact all compartments are theoretically 
vulnerable to chemical toxicity (refer to Pr. G-E. Séralini’s document). 
 

3.3.2. The different phases of the mission 
 
In terms of chemical hazard, it seems essential to make a clear cut distinction between the two 
main phases of the mission: 

(a) the transportation phase from Earth to Mars, and from Mars to Earth, that is to say 9 
months each (18 months), 

(b) and the stay-on-Mars phase, 18 months in principle (the mission’s duration being 3 
years). 
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Indeed, the chemical toxicity risk related to possible contamination of the air inside the 
spaceship by combustion products from the rocket’s propulsion (mainly during the trip from 
Earth to Mars) and by other toxic products related to the engine’s functioning (refer to Pr. G-
E. Séralini’s document) can occur only during transportation. In reality, the astronauts’ cabin 
being sealed from the rocket’s engine should eliminate this risk, which should be limited to 
the accidental occurrence of a leak. On the other hand, in both cases, i.e. during transportation 
as well as the stay on Mars, the risk of chemical contamination of the Melissa system remains, 
and thus contamination of the crew, coming from the cabin’s materials. In fact we believe this 
risk to be minor, owing to precautionary measures to be taken (see further on). 
 

3.3.3. The spaceship 
 
From the environmental risks viewpoint, we need to distinguish 4 sectors in the cabin: 

1. the Melissa system, 
2. the crew, 
3. the inside environment, 
4. the inner surface of the cabin’s outer envelope. 

Indeed, in this report, we do not take directly into account the risks related to the cabin’s 
outside environment, considering that the 4 previous sectors are located in a land 
environment. 
 

3.3.4. Definition of dangers and their quantification 
 
3.3.4.1. It is essential to make a clear distinction between the terms “ hazard “ and “ risk “. In 
this report, we refer to the European Cooperation for Space Standardization (ECSS) 
definition, as adopted in the EPAS document dated 25-02-2005. Hazard means an existing or 
potential condition of an item that can result in a mishap. For environmental Hazards, this 
means potentially harmful property. In contrast, risks means an undesirable situation or 
circumstance that has both a likelihood of occurring and a potential negative consequence on 
the project. So “risk” is related to the occurrence of dangerous events that compromise the 
mission, while specific “hazards” are related to the technical design, operation and/or 
environmental conditions of the system. 
In this document, we will therefore attempt to distinguish these 2 definitions. 
 
3.3.4.2. In establishing environmental hazards, it is just as essential to make a distinction 
between the source of hazard(s), the cause(s), the effect(s) and its consequence(s). 
 

 
3.3.4.3. Risks must also be quantified. In this report, we use the scoring system in 5 scores 
used in the EPAS report dated 25-02-2005 to quantify the frequency of occurrence of a risk 
and its severity. So risk scales are indicated as either: Frequency – scoring scheme or Severity 
of consequences – scoring system, which allows to define the probability of a risk based on a 
risk index. 
 

Source(s) �  cause(s) �  effect(s) �  consequence(s) 
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IV.  ENVIRONMENTAL DISEASES ON EARTH – DEFINITION 
AND CLASSIFICATION 

 

4.1. Definition 
 
Any environmental disease is caused by two types of factors: 

- innate, genetic, inherited factors essentially represented by constitutional genes of 
genetic susceptibility. These genes, when they are not characterized by a highly 
mendelian-type penetrance are called polymorphism genes. They are the most 
numerous and their main property is to contribute to, or conversely, to inhibit 
individuals’ susceptibility to environmental factors,  

- and acquired factors of environmental nature in the general meaning of the term.  
In fact, environmental factors themselves stem from two types of properties: 

- Some are linked to the way of life of individuals and thus depend on individual and/or 
collective (societal) habits and tendencies, 

- Others, environmental strictly speaking, concern the physical, chemical and biological 
properties of the environment. 

Although the two previous types of factors act in a complementary and synergetic way, we 
consider here, in the definition of environmental diseases, only the diseases caused mainly by 
environmental factors, strictly speaking, i.e. present in the environment as micro-organisms, 
radiations and/or chemicals. 
Based on ARTAC research work, we have recently proposed a classification of environmental 
diseases (see table 1). 
 

4.2. CMR diseases 
 
CMR diseases are caused by carcinogenic, mutagenic and/or reprotoxic (CMR) agents. They 
include radiations and chemicals and some microorganisms (viruses). Diseases are mainly 
chronic or subacute, consisting in cancers, congenital malformations and some types of 
infertility. 
The long pre-clinical latency period linked to exposure time of these diseases and their mostly 
spontaneously subacute or chronic evolution explains why their occurrence should not be 
considered as a priority risk for the mission. 
 

4.3. Central Nervous System (CNS) – related diseases 
 
CNS - related diseases are also related to chemical products and possibly to radiations. They 
are individualized in two types according to the short or prolonged duration of their pre-
clinical latency period and to their acute or chronic evolution. 
 
(a) Chronic diseases with a long clinical latency period. These are essentially CNS 
degenerative diseases, including some Parkinson’s diseases and even also, Alzheimer’s 
disease or other related degenerative CNS diseases. The occurrence probability of these 
diseases, as well as their chronic evolution, must be considered as secondary risk for the 
mission. 
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(b) By contrast, acute diseases with a short pre-clinical latency period must be considered. 
These are mainly Multiple Chemical Hypersensitivity Syndromes recently referred as 
Idiopathic Environmental Intolerance, comprising different symptoms, such as fatigue, 
myalgia, headaches, loss of taste and smell, and mainly loss of fixation memory (immediate 
memory). These syndromes are essentially related to indoor air pollution mainly by certain 
chemicals as volatile organic compounds (VOC), by chemicals adherent to carbon fine 
particles or by electromagnetic radiations. There is no effective medical treatment. The  only 
therapeutic method relies on getting rid of the pollutants. Once declared, and without the 
removal of such pollutants, the disease becomes chronic. 
Although they do not threaten the life of the individuals concerned and thus, as regards the 
mission, the crew’s survival, the occurrence of these syndromes may cause the mission to fail, 
due to the memory loss and tempo-spatial disorientation they generate.  
Other environmental diseases, essentially psychological, may also occur due to the prolonged 
living conditions in a confined artificial environment. They stem from chronic stress and may 
lead to psychological or even psychiatric mental deterioration leading to neurosis or even 
psychosis.  An experiment in a confined sector must thus be carried out on Earth before the 
mission takes place (see further on). 
 

4.4. Immune system - related diseases 
 
The onset of respiratory allergies may occur, related to inhalation of allergenic VOC, from 
materials used to build the cabin, to inhalation of allergenic chemicals possibly adsorbed on 
dust particles and mostly, of molds that may appear in artificial living conditions. Food or 
skin allergies may also occur, related to molds or to chemicals. In fact, allergies can be 
avoided by using non-allergenic materials within the cabin, by using no allergenic VOC 
(disinfectants, detergents, etc) and having no allergenic food additives. 
In reality, from a medical viewpoint, one of the major risks is immunodepression, induced by 
undernutrition, related to a strict vegetable diet, to chronic stress and to potential 
immunosupressant chemical pollutants. Indeed, immunodepression considerably increases the 
infectious risk (see further on). 
 

4.5. Miscellaneous metabolic and/or organic physico-chemically – induced 
disorders 
 

The risk of acute or chronic poisoning of chemical nature may occur, due to artificial 
living conditions, but actually, this risk must be considered as secondary on Mars (see further 
on ). 

The risk of endocrine and metabolic disorders may occur, partly linked to the 
malabsorption syndrome and to the significant undernutrition generated by the vegetarian 
diet. More specific investigations therefore need to be carried out in the perspective of this 
pathology (see further on). 

The risk of inflammation or infections of cutaneous wounds, secondary to the onset of 
traumatisms during the mission, needs to be considered. Here too, undernutrition and 
immunodepression are aggravating factors, which may delay cutaneous healing phenomena, 
and mostly cause infections. Such local wounds may be of course the entry point for 
pathogenic bacteria and may lead not only to local infections, but also to the occurrence of 
extremely serious septicemia. The traumatic risk thus compels very strict prevention and 
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precaution measures, in the cabin design and in the definition of the types of operations 
related to the mission. 
In previous missions, as regards the MIR station, significant episodes of infection occurred, 
including conjunctivis, acute respiratory infections and respiratory infections (refer to Pr. J-C. 
Péchère’s document). It is clear that undernutrition and immunodepression, secondary to 
prolonged artificial living conditions, such as offered in the Melissa project, will considerably 
increase the risk of infections and, specifically, their severity. 
 

4.6. Emerging or reemerging infectious diseases. 
 
On Earth, most merging infectious diseases are viral zoonoses (see previously). The absence 
of insects and parasites in the cabin is a priority. In the Melissa project, the risk of bacterial, 
viral or other infections is high. Acquisition of the pathogenicity of the germs may be related 
to the Melissa system itself (refer to Pr. J-C. Péchère’s document), but also and mainly, to 
nutritional  or other immunodepression induced in astronauts (see further on ). In that case, 
astronauts themselves must be considered  as host – reservoirs of the pathogenic agent. It is 
thus very unlikely that the infectious risk concerns new emerging diseases, such as those 
known on Earth to be related to zoonose. There is a much higher probability for classical 
infectious diseases to be re-emerging diseases, i.e. already known on Earth, as a 
consequence of immunodeficiency (see further on ). 
 

4.7. Alterations of vital functions related to extreme physico-chemical 
conditions 
 
Dysfunction or destruction of the Melissa system alter vital functions, in other words, does 
not allow the satisfaction of astronauts’ elementary physiological needs. This is the risk 
that requires to be considered as a first priority, as it threatens on a short term and 
irreversibly the crew’s survival. 
 

V. VITAL RISKS 

 
The life of complex organisms (including man) is reliant on vital parameters that cannot be 
infringed. Any modification of these parameters inevitably leads to death. Yet, as the mission 
is planned, the Melissa system is solely responsible for the constancy of these parameters, 
which clearly means that any disturbance, as slight as it may be, in the system will 
irreversibly cause the crew’s death. 
 

5.1. Vital parameters 
 
Vital parameters come in two types: exogenous an endogenous to the body. 
 

5.1.1. Exogenous vital parameters 
 
All living organisms are thermodynamically open systems, based on a flux of matter and 
energy (see previously). We should no doubt recall the elements that are essential to live: 
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(a) Oxygen (oxidizer). It must be in suitable proportions in the air, a constant of 21%, 
(b) Water (approx. 60% of the adult body weight), 
(c) Glucose (fuel). It provides chemical energy, 
(d) Structural molecules (carbohydrates, lipids and proteins). 

 
Except for oxygen, all these elements are found in food. To these, we need to add: 

(e) Essential nutrients: electrolytes (minerals), vitamins, trace elements, essential amino 
acids and essential fatty acids, also found in food. 

 
To these respiratory (oxygen) and food (water, nutrients) constraints, other physico-chemical 
conditions, external to the body and just as vital, need to be added: 

- temperature, 
- atmospheric pressure, 
- the overall gaseous composition of the atmosphere, 
- the humidity rate of the atmosphere, 
- the intensity of the electromagnetic field, 
- radioactivity. 

 
These are fundamental parameters. Any modification of qualitative or quantitative supply, in 
relation to time, in other words expressed in flux of the previous elements (a, b, c, d, e), or of 
external physico-chemical conditions outside of the organism is incompatible with life or, at 
least, incompatible with a prolonged healthy life. In the Melissa system, the matter and energy 
flux provided to the body relies quasi exclusively on compartment 4B, so this compartment 
has a vital importance.  
 

5.1.2. Endogenous vital parameters 
 
Life implies the homeostatic constancy of a certain number of endogenous parameters. These 
concern in particular: tissue oxygenation, and hydration, constant glycemia, constant blood 
pH and constant central temperature in the body. More precisely, here are the essential main 
functions that need to be provided: 

- transport of oxygen to the tissue by fixation on hemoglobin (HbO2), 
- permanent oxygenation of the brain (the most sensitive organ to anoxia), the 

heart and kidneys, 
- sufficient hydration enabling the kidneys to perform their detoxication 

functions, 
- preserved hepatic functions of regulation (glycemia) and molecular 

detoxication (refer to Pr. G-E. Séralini’s document). 
 
Before being infectious or toxic, the sanitary risk linked to the Melissa system is thus first and 
foremost vital. 
 

5.2. The Melissa system – the extreme fragility of compartment 4B 
 
The Melissa system must be understood and analyzed, first and foremost, as regards vital 
risks. We analyze here the functioning of the three previously individualized sectors and their 
weak points as far as astronaut’s vital functions are concerned. 
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5.2.1. The recycling sector 
 
From the physiological and thermodynamic viewpoint, the recycling sector is not sufficient to 
guarantee the astronauts’ survival. It can only be considered as a complement to sector 4B, as 
recycling in itself does not allow to maintain life. It is impossible to imagine a living organism 
able to survive, whatever the recycling conditions, by self-feeding with its own wastes. To 
ensure its functioning, life has a cost in matter and energy (see previously). On the whole, it 
degrades energy (2nd principle in thermodynamics) and therefore turns part of the matter 
provided to the body (glucose) into chemical energy, essential to different metabolisms. It 
burns sugar and thus uses up the material resources that are provided for it. The supply of 
matter and energy from outside the body and thus, from outside sector 4B in the Melissa 
system, is therefore essential for thermodynamic reasons. Even if an energetic supply, 
external to the system and linked to solar energy is provided, it is essential to consider that 
the Melissa system cannot operate by self-feeding with matter recycling, but that it requires 
inevitably the consumption of a supply of material, whose initial critical mass needs to be 
defined prior to the mission, based on the number of astronauts and the duration of the 
mission and of an evaluation of the material losses, as the only function of recycling is in 
fact to provide partial renewal of this supply and thus, to limit the initial mass of such a 
supply. 
 

5.2.2. Sector 4B 
 

It is the crucial compartment of the Melissa system, as it is the only one that supplies 
astronauts with matter and thus chemical energy, and in complementary with compartment 4A 
the one that supplies astronauts with oxygen. 
There are here several elements to consider. 
 
5.2.2.1. Compartment 4B is the most vulnerable in the Melissa loop system. The growth of 
eukaryote organisms, including plants, is much more unstable than that of prokaryote 
organisms. Indeed, even if the growing area is rationalized to an extreme degree, by making it 
in standardized conditions, for reasons that are unclear in most cases, plant growth is not 
constant over time. This vulnerability depends of course on the complexity of the plants 
choosen (the more complex a plant is, the less its growth can be standardized and planned), 
but also on other unknown factors, which could thus lead to a break in the oxygen, matter and 
chemical energy flux produced, with, as a result, the onset of anoxia, dehydration and 
undernutrition in astronauts. 
 
5.2.2.2. Plant growth depends not only on the quality of the nutritional medium used, but 
also on its initial quantity (which needs to be renewed constantly) and on the solar energy 
that is in fact the only planned supply coming from outside the Melissa system. 
 

(a) The nutritional plant growth medium 
 
The issue here is not just that of the quality of the nutritional medium, but also that of its 
quantity to take along for a three-year mission. For the previously mentioned entropic losses-
related thermodynamic reasons, it is essential to consider the plant growth nutritional 
medium within the Melissa system, as a matter (and chemical energy) supply to the system, 
and not as a simple recycling product. Therefore, one must check whether the critical mass 
of the plant growth nutritional medium to be initially calculated is much less than what would 
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be alternatively the use by astronauts of directly accessible food in concentrated form and of 
an available quantity of recyclable water. 
 

(b) Solar energy, plant growth and photosynthesis 
 
In the Melissa system, plants are essential to provide oxygenation of the cabin by 
photosynthesis. It is a crucial step in the system. And yet, solar energy on Mars is much 
weaker than on Earth. Indeed, Mars, located 228 million kilometers from the Sun, receives 
about 2,3 times less solar energy than on Earth. It is therefore essential not only to calculate 
by modeling what could be the oxygen flux produced by photosynthesis, in lesser energetic 
conditions, but also to carry out terrestrial experiments to test the intensity of photosynthesis 
and the oxygen flux produced in less sunny conditions. Indeed, the oxygen flux depends on 
the intensity of photosynthesis which itself relies on plant growth, which finally depends on 
the intensity of solar energy. 
 

(c) The complexity of the photosynthetic effect.  
 
Photosynthesis is a very complex physiological process that requires to be studied precisely, 
taking into consideration reduced solar energy and the different parameters that depend on it: 

1. the type of plant considered (as far as photosynthesis is concerned, the plant 
should be as simple as possible), 

2. the type of artificial nutritional plant growth medium used and the conditions 
of its partial renewal through recycling, 

3. humidity and temperature conditions, 
4. conditions of sunlight on Mars (photosynthesis does not only depend on heat 

energy), 
5. the growth intensity of plants, 
6. their stability in terms of growth over time, 
7. the intensity of  CO2 incident flux, 
8. the intensity of the oxygen flux that results from it. 

In fact, these are very complex and long experiments on plant physiology. The difficulty here 
stems from the fact that the choice of the plant used must meet, not only the conditions for a 
maximum oxygen production by photosynthesis, but also those of its nutritional qualities, i.e. 
in particular the intensity of the chemical energy (glucose) flux produced. 
 
5.2.2.3. Plants constitute the only renewable supply of matter and chemical energy for the 
astronauts.  
Within the Melissa system, plants are the only ones to provide the material resources and 
chemical energy that are essential for the astronauts. And yet, plants must provide not only 
energetic (glucose) and structural (carbohydrates, proteins, lipids) nutritive substances, but 
also essential nutrients. Because of the less solar energy in Mars, a fundamental preliminary 
question is to what extent plants could be able to supply astronauts in chemical energy, i.e. in 
glucose, since to made glucose from waste i.e. from CO2 and H2O plants need quantitatively a 
sufficient energy supply due to the exothermic chemical reaction. Indeed, this energetic 
expense for glucose making should be calculated in addition to the expense for oxygen 
production by photosynthesis. 
Any way, the major consequence is that astronauts will be subject to a strict vegetarian diet 
for three years, and this in worsened conditions, as their diet will not be diversified in fruits 
and vegetable, due to the standardization of compartment 4B.  
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In such conditions of non-diversified and thus extremely poor diet, major sanitary risks will 
thus pertain to deficiency  (see further on). 
From a nutritional quality viewpoint, the choice of plants is thus crucial. This choice must 
take into account their diversity and their complementary nature, and meet the following 
requirements. Plants must: 

- grow steadily, permanently and in sufficient amounts, 
- provide quantitatively sufficient photosynthesis to produce oxygen, 
- produce quantitatively sufficient glucose for chemical energy supply, 
- provide the richest diet as possible in terms of proteins and lipids, 
- provide the presence in food and in sufficient amounts, of essential nutrients 

(electrolytes, vitamins, trace elements, essential amino-acids and essential fatty 
acids), 

- and this in continuous flow over a period of three years. 
Much is required from plants and, in general, from sector 4B. 
Very complex physiological and nutritional research must thus be led as a priority. Moreover, 
the sanitary consequences of the strictest vegetarian diets need to be analyzed (see further on). 
 

5.2.3. The crew – interdependency of the three sectors 
 
The crew is the third sector to consider in the system. The viability of this sector (the 
astronauts’ survival) partly depends on the waste recycling sector, but in reality, mainly on 
sector  4B. 
The functioning of sector 4B must be considered as the less dependent sector of the system, as 
it essentially depends on solar energy, on the supply of plant growth nutritional medium 
initially introduced into the system and on plant growth. Nevertheless, sector 4B, depends 
also on three parameters. It depends on (1) supplies related to recycling (renewal), (2) on the 
crew’s plant consumption and (3) on the progressive exhaustion of the plant growth 
nutritional medium through entropic qualitative losses (see further on).   
This is also the case of the recycling sector and in particular of compartment 1 that mostly 
relies on the crew. Indeed, recycling fundamentally relies, in fact, on the astronauts’ healthy 
condition, as the crew sector provide the Melissa system with urine and feces only if 
astronauts are themselves able to produce them in good conditions, which implies that 
themselves be appropriately hydrated and fed.  
There is thus a close interdependency between the crew’s sanitary condition and the whole 
recycling sector, any alteration for one implying alteration for the other. This 
interdependency obviously constitutes another element of extreme fragility in the Melissa 
loop system. The Melissa system can go on only if the crew is healthy and vice versa, the 
crew can be in good health only if the Melissa system works well. We see here the true 
vulnerability of the system that, in the medical and sanitary conditions currently proposed, is 
certainly not viable (see further on). 
 
 

5.3. Vital sanitary effects 
 
Sanitary effects come in three types: (1) anoxia, (2) dehydration and (3) undernutrition. 
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5.3.1. Anoxia and chronic hypoxia 
 
This is the most serious effect. It threatens all the crew in a matter of minutes. Induced 
organic lesions are irreversible. The most sensitive organ is the brain. Anoxia of 1 to 3 
minutes induces permanent serious cerebral lesions. The heart and kidneys are the next organs 
concerned. There too, lesions are irreversible. Consequently, acute anoxia over a period of a 
few minutes will lead very quickly to the astronauts’ death. The same goes for chronic 
hypoxia (insufficient oxygen flow). In this case, organic lesions are also irreversible, but 
occur more slowly. Due to chronic asphyxia, death also occurs inevitably, but is delayed.  
It is therefore essential to establish quantitatively the oxygen cycle of the system, in terms of 
flux and to assess risks related to its potential non-permanence. 
 

5.3.2. Dehydration 
 
Dehydration is the second vital risk to consider, owing to its occurrence time and its severity. 
Thirst is its revealing symptom. No organism can live without an external and permanent 
supply of water and electrolytes, the quantity of this supply and its renewal depending on 
temperature and humidity conditions of the environment in which the body is placed. 
Electrolytes are essential, as they retain water in the body, salt (NaCl), essentially in the 
extracellular sector, potassium (K), essentially in the intracellular sector. Prolonged 
dehydration leads to death by (1) depletion of the extracellular sector and hypovolemia, by (2) 
functional, then organic renal deficiency, and finally by (3) depletion of the intracellular 
sector. 
These different body sectors are easily measurable with an impedance meter and related to 
body mass. 
In the Melissa system, the total available quantity of water and electrolytes depends first and 
foremost  (1) on the initial supply of the nutritive plant growth medium in sector 4B (2) on the 
initial hydration condition of the astronauts and (3) on the efficiency of water recycling 
generated in compartment 1. Recycling in itself is not enough to ensure the astronauts’ life, 
owing to entropic losses, in particular in electrolytes, related to the system (see previously), 
even if the latter is entirely closed. This means that recycling of water and electrolytes, though 
it allows to spare external supplies coming from sector 4B, is in itself insufficient to provide 
suitable hydration. Consequently, the supply of water and electrolytes from the liquid 
nutritive environment stock is essential and this independently of recycling. In other words, as 
for oxygen, it is essential to establish quantitatively the water and electrolytes cycle within 
the system, by calculating the amounts of recycled water and electrolytes and those supplied 
by the nutritive liquid medium, via plants in sector 4B. In terrestrial conditions (i.e. in an 
open system), hydration through plants is not enough. Indeed, another external supply of 
water and NaCl (salt) is required, as well as, in the body, a sufficient quantity of electrolytes 
that make it possible to retain water. In the Melissa system, owing to entropic material losses, 
it seems that the total quantity of water and electrolytes recycled from urine, feces and sweat 
will not be enough to compensate the external supply of water and electrolytes, essential to 
the body, even if we assume the system is closed. This clearly means that part of the initial 
supply of the nutritive environment will be constantly consumed and thus that plant growth 
in sector 4B could be progressively affected. 
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5.3.3. Undernutrition 
 
The risk of undernutrition is a major one in all cases, even if it is admitted that oxygenation 
and hydration requirements are met in satisfactory conditions. Undernutrition is a 
phenomenon with delayed clinical expression compared to anoxia and dehydration, and with 
chronic development. The undernutrition risk is quasi-certain in the context of the Melissa 
system. The phenomenon comprises two components: quantitative and qualitative 
components. 
 

(a) Quantitative undernutrition and sanitary consequences. 
 
Quantitative undernutrition can be measured with an impedance meter and related to body 
mass. 
Quantitatively, it may originate from two causes, non exclusive of one another: 

- a deficit in incident chemical energy flux owing to shortage in fuel supply (glucose) 
or to shortage in oxidizer supply (oxygen); 

- a deficit in structural organic matter (carbohydrates, proteins and lipids).  As for 
oxygen and water, it is essential to establish the cycle of carbohydrates, proteins and lipids, 
expressed in matter and energy flux, according to the vegetarian diet proposed. 
 

(b) Qualitative undernutrition 
 
Man is an omnivore and owing to his very long evolution, is a plant eater as well as a meat 
eater. The vegetarian diet, especially in the standardized conditions of sector 4B, thus 
weakened and non diversified, will certainly generate severe deficiencies in certain 
essential macro- and micro-nutrients.  
Strict vegetarian syndromes are accompanied by deficits in cholesterol, essential fatty acids 
and essential amino acids (in particular lysine and threonine), due to supply deficiencies, but 
also deficits in certain nutrients, owing to a malabsorption syndrome. Its mechanism is 
widely unknown, but is probably related to an excess in plant phytates. These deficiencies 
concern in particular iron, vitamin B12 and folates (involved in hematopoiesis, notably red 
cell production), vitamin D (important for the absorption of calcium via the intestine and its 
deposition in bone), zinc (involved in enzymes that act in the immune system), but also 
calcium (involved in bone metabolism). This will inevitably result in a chronic medullary 
deficiency syndrome, deep structural immunodeficiency (lymphopenia, loss of 
immunocompetence), affecting essentially cell immunity, and a major bone demineralization 
worsened by extraterrestrial transport conditions and the stay on Mars. To this, we should add 
a complete modification of microbial flora (see further on). 
We should also add material entropic losses during recycling: layers of water, electrolytes and 
other nutrients on the walls of the Melissa system and cabin devices. The sanitary 
consequences are thus the quasi-inevitable onset of major deficiencies, altering all 
metabolisms. 
One of the major consequences of any undernutrition (well highlighted in the case of 
carcinous cachexia) is thus the occurrence of a structural immunodeficiency, both humoral 
and cellular, affecting, very quickly and first of all, cell immunity. Such deficiencies 
contribute to the onset of serious infections. 
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VI.  THE INFECTIOUS RISK 

 
The infectious risk cannot be underestimated. It is bacterial, viral or other (refer to Pr. J-C. 
Péchère’s document). However, it should not be given too much importance, as it comes 
secondary to vital risks, owing to its probability and its severity; It is the same during both 
phases in the mission, the journey to and from Mars, and the stay on Mars It concerns both 
crew members and the Melissa system. 
We need here to make a clear distinction between the sources and causes of infections, and 
their spreading and development mechanisms, facilitated by confinement in a closed area, life 
in close quarters and immunodepression in crew members. 
 

6.1. Sources. The concept of a bacteriological super-ecosystem. 
 
We need to imagine the astronauts’ cabin as comprising, in addition to the three previous 
sectors (recycling sector, sector 4B and crew), the inner air and the inner surface of the 
envelope (see previously). In reality, from a microbial viewpoint, it is relatively uniform, 
comprising micro-organisms provided by (1) the spaceship, (2) the Melissa system and (3) the 
astronauts’ microfloras. It is indeed entirely unrealistic to individualize, within the cabin, 
sectors or compartments that would be impenetrable to bacteria or viruses. And yet, the 
fundamental point is to consider that this environment is not harmful, but on the contrary, 
that it constitutes a microbial super-ecosystem, that recreates, to a certain extent, the 
existing bacteriosphere on Earth  (see previously). 
However, in the closed cabin, where people live in close quarters, astronauts’ microfloras will 
be widely predominant. Owing to the selection induced by artificial living conditions, there 
will always be a fundamental difference compared to the natural terrestrial conditions of the 
bacteriosphere. Consequently, we need to study conditions of lesser microbial diversity 
compared to terrestrial conditions, and not the existence in itself of these bacteria, to 
understand their pathogenic risks (see further on). 
Indeed, all these individual microfloras constitute a super-ecosystem that, in principle, have 
no reason to be pathogenic in “normal” conditions. We should indeed imagine that the amount 
of bacteria in this ecosystem will weigh from 40 to 60 kg (for an average weight of 70 kg per 
astronaut and a crew of 6 to 8 members), which corresponds to a considerable number of 
bacteria and to several hundreds of strains of bacteria. In these conditions, it is truly 
unrealistic to search systematically and to plan for potential pathogenic germs. 
Theoretically, if in the cabin, there are three types of contaminating sources (the spaceship, 
the Melissa system and the crew), in reality, owing to the previous concept, the most 
important microbial source comes from the crew’s microbial floras. Owing to the previous 
microbial concept, the infectious risk should thus be reinterpreted, not from the viewpoint 
of potential contamination sources related to the conditions of the mission and the Melissa 
system, but as a priority, from the viewpoint of risk factors that cause pathogens to appear. 
 

6.2. Pathogenicity factors 
 
There are two main types of factors to consider:  

1. a modification of agents themselves due to the extraorganic environment, 
2. a modification of the crew’s sanitary condition related to artificial living conditions. 
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Of the two previous groups of factors, it is obviously the break of balance in ecosystemic 
relations between agents themselves, and between agents and their host that constitutes the 
highest risk from which infections originate.. 
 

6.2.1. Pathogenic modifications of infectious agents. 
 
Pathogenic modifications may be induced by the physico-chemical environment in the cabin. 
They come in three types: 

1. A growth stimulation owing to selective and development phenomena related to 
modifications in the chemical environment. It is the case of compartment 1, in the 
Melissa system, that could encourage the growth of certain bacteria or certain fungi 
(refer to Pr J-C. Péchère’s document). 

2. A physiological modification of the agent (bacteria or fungi). This possibility relies 
essentially on adaptive phenomena. It can thus be associated with the previous one, as 
it is also caused by modifications in the chemical environment. 

3. The occurrence of mutations. Theoretically, there are two types of mutations: 
spontaneous or induced mutations. In the terrestrial bacteriosphere, the huge number 
of bacteria naturally leads to a very high number of spontaneous mutations; These 
mutations are essential to ensure diversity in ecosystems. In principle, supposing they 
exist, spontaneous disease-causing mutations actually seem very rare. Conversely, 
mutations caused by physico-chemical environmental factors may be the cause of 
disease (see previously). Yet, in the Melissa system, analyzed from the viewpoint of 
terrestrial conditions, the action of such exogenic factors should be in fact considered 
as relatively minor (see further on). It is thus clear that the pathogenic risk, whether 
it be related to growth selection, to adaptive modifications or to bacteria, fungi or 
virus mutations, relies in fact fundamentally on an induced break in the natural 
relations of symbiosis that occur between these agents and the organism in which 
they proliferate. 

 

6.2.2. Breaks in microbial balance between the crew’s flora and their 
organisms. 

 
This is the major pathogenic risk in terms of infections. It is related to induced 
immunodepression (see previously). We therefore need to consider the crew members as an 
essential source of infectious risks and the astronauts as the only reservoir of potentially 
pathogenic bacteria, fungi and viruses. With these conditions, the types of possible infectious 
disease are much easier to determine, as well as the probability for their occurrence, as for 
the vast majority of these diseases, they correspond to infectious diseases that are already 
known on Earth. We should thus make an exhaustive list of infections affecting more 
specifically immunosuppressed subject, and analyze them (congenital immunodeficiencies, 
AIDS, leukemia, cancers). Complementary studies therefore need to be conducted precisely 
in these fields and a list of opportunistic infectious diseases, based on the probability of their 
onset, should be established. 
 
 - Opportunistic bacterial diseases are thus essential to consider, 
 - but also certain standard viral diseases (chickenpox, shingles, etc), 
 - certain mycoses (candidiases) 
 - and last, but not least: protozoa affections, such as Pneumocystis carinii. 
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The nature of the infections and the probability of their onset depend essentially on the 
importance of the immunodeficiency and on the type of immunodepression. Cell immunity 
depressions (type T or macrophagic) are obviously the most susceptible to the onset of serious 
opportunistic infections, notably viral. Complementary research needs thus to be carried out 
to assess the importance and type of induced immunodepression in astronauts.. 
 

6.2.3. Immunodepression in the crew members. 
 
Acquired immunodepression in a terrestrial situation relies on three types of factors: 

1. psychological stress factors (to be studied more closely,) 
2. nutritional factors (see previously), 
3. environmental factors, essentially of physico-chemical or biological nature. 

Among environmental factors, we need to distinguish immunosuppressive chemical products 
(a list should be established), all types of radiations, including pulsed electromagnetic 
radiations (EMR), and finally certain viruses (e.g.: HIV). 
In the case of this mission, the immunosuppression factors to consider are mainly 
psychological stress, undernutrition and certain chemicals as regards terrestrial conditions, to 
which we need to add microgravity and radioactivity specific to Mars. 
 

6.3. Predisposing factors. 
 
We should make a clear distinction between the factors of spreading and development of the 
infection in the cabin, and the previous pathogenic factors that are the cause of infections. The 
factors of spreading and development of infection are essentially confinement (closed area) 
and life in close quarters. The inevitable consequence is that the onset of an infection in one 
of the crew members will almost instantly propagate to other crewmembers, and 
consequently, the onset of any infection, whatever it may be, in one or the other crew 
member, will always constitute a serious risk for everyone. Prevention is certainly the best 
measure, as curative treatment of even a localized infection, in the undernutrition and 
immunosuppressive conditions specific to the mission, may resist to antibiotics and thus, 
spread to the whole crew. 
Consequently, any antibiotic-resisting infection (and the risk is here exacerbated owing to the 
mission’s extraterrestrial conditions) in one of the astronauts inevitably and quickly threatens 
the life of the whole crew. 
 

6.4. Risks on the Melissa system 
 
Contamination of the Melissa system is possible and may modify the system itself. 
Compartment 3 seems to be the most vulnerable in the way it works (refer to Pr. J-C. 
Péchère’s document). 
This risk threatens the crew’s survival (see previously). Nevertheless, such a risk may not be a 
major one. It should be defined and assessed experimentally before determining its validity. 
 

6.5. Prevention and precaution measures 
 
Prevention and precaution measures are possible and will be considered at the end of the 
report. 
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VII.  PHYSICAL RISKS 

 
On Earth, sanitary risks related to radiations are different according to the type of radiation. 
Radioactivity and, in general, all ionizing radiations are the cause of, on the one hand, the 
occurrence of acute bone marrow, aplasia that can be deadly, and on the other hand, the 
delayed appearance of congenital malformations, sterility and cancers. Obviously here, the 
risks of delayed appearance of sterility or child-related risks are irrelevant to the mission. 
They are part of the long-term risks after the return to Earth. We will therefore not discuss 
them. 
Solar ultraviolet rays may here too present high risks (sunburns) or risks with delayed onset 
(cancers). Due to the shorter period of sunlight on Mars, these do not require to be considered. 
Pulsed electromagnetic fields (EMF). EMF-related hazards are especially those from very low 
frequency (VLF) and extremely low frequency (ELF). These hazards can induce acute or sub-
acute disorders referred as multiple hypersensitivity syndromes. They may have psychological 
and even psychiatric consequences but they may not compromise the vital functions of crew 
members (see previously).  
Moreover, electromagnetic fields on Mars are very low and those induced by the spaceship 
should also be low, which leads us to believe that these sanitary risks are insignificant in 
principle. 
As a whole, it seems that physical risks are inconsiderable, except for sanitary risks related 
to radioactivity on Mars. 
 

VIII.  CHEMICAL TOXICITY RISKS 

 
Chemical risks are potentially multiple (refer to Pr. G-E. Séralini’s document). Nevertheless, 
they should be taken into account practically from the viewpoint of their source, their 
operating mechanisms, their types, related to the mission’s conditions, and their sanitary 
consequences. 
 

8.1. Sources 
 
Risks related to air pollution within the cabin by volatile organic compounds (VOC), 
consisting in combustion products or other toxic substances (refer to Pr. G-E Séralini’s 
document), can occur only during the transport phase of the mission (the journey to and from 
Mars) and they should be considered only in the case of leakage between the air circuit in 
contact with the rocket’s engine and that of the cabin. 
It is therefore clear that without any leakage, the chemical contamination risks of the 
Melissa system can only stem during the mission from (1) the construction materials used 
in the cabin (inner part of the system), (2) internal use products (detergents, disinfectants) 
used during the mission, (3) pesticides that could be eventually used in sector 4B, (4) food 
additives introduced in the food chain, and (5) contaminants initially present in the 
astronauts’ urine and feces (compartment 1). 
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8.2. Operating mechanisms 
 
In general, chemical pollutants can be classified in three categories: (1) Persistent Organic 
Pollutants (POPs), (2) Toxic Organic Pollutants (TOPs) and (3) Non Organic Pollutants 
(NOPs). Most of these pollutants are chemically stable, which explains their persistence in the 
environment. These pollutants exist in two forms: in gazeous form (VOCs) or in solid form.. 
VOCs essentially comprise POPs and TOPs. They are all the more toxic as living quarters are 
closed and poorly ventilated, which corresponds in fact to the mission’s conditions. One 
should make a distinction between organic pollutants (POPs and TOPs) and non-organic 
pollutants (NOPs).  Whereas POPs and TOPs are in general liposoluble, have an affinity for 
lipids and concentrate in the fatty tissue of living organisms, NOPs are conversely 
hydrosoluble, have an affinity for water, spread in extra- and intra-cellular  sectors of the body 
and concentrate in certain organs, such as the liver and kidneys. 
 

8.2.1. Persistent Organic Pollutants (POPs) 
 
After accumulating in the fatty tissue, POPs are released in the blood stream and end up in 
urine and feces in active or degraded form. In the context of the mission, POPs may thus 
contaminate compartment 1 in the Melissa system.  
Most POPs are CMR products. Therefore they are the cause of diseases corresponding to 
category 1 of the proposed classification (see previously). The particularity of CMR products 
is that in general the dose itself is not deadly, but a repeated dose over time is. So what is 
important here is exposure time of living organisms to these products and the conditions of 
this exposure. Although CMR products may contaminate compartment 1 in the sector, the 
risk of contamination of the Melissa system, and thus of the astronauts, seems in fact 
relatively low, owing to their probable destruction by bacteria from compartments 1 and 2. 
However, a CMR risk may exist in the case of VOCs as the cabin is closed and not 
ventilated.  
 

8.2.2. Toxic Organic Pollutants (TOPs) 
 
The particularity of TOPs is their possible direct toxic effect not only for the crewmembers, 
but also for bacteria.  
TOPs can be present in the cabin in the form of VOCs and may have direct sanitary effects on 
crewmembers. After entering the organism, they concentrate in fatty tissue. Although they can 
contaminate compartment 1 in the Melissa system, as opposed to POPs, their destruction by 
bacteria from compartments 1 and 2 may not occur, as they can be directly toxic for bacteria. 
Indeed, conversely to POPs, for most toxic products and in particular for TOPs, the dose is 
deadly. Consequently, should a certain concentration in one or the other compartment of 
the Melissa system be reached, TOPs could alter the whole system and thus threaten the 
astronauts’ life (see further on). 
 

8.2.3. Non Organic Pollutants (NOPs) 
 
To the previous two categories of chemical pollutants, we need to add a third one constituted 
of non organic pollutants. This essentially comprises (1) certain toxic gases, such as halogens 
and radon, (2) heavy metals, such as lead, chromium, nickel, mercury, etc, (3) particulate or 
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fibrillar complex mineral substances, such as asbestos and silica, and (4) particles made of 
carbon (see further on). 
 

8.3. Categories of possible pollutants during the mission. 
 
The different types of chemical pollutants should be listed according to the practical 
conditions of the mission. Several categories should be reviewed: 
 

8.3.1. Fuels and combustion products 
 
Fuels are essentially benzene products, and combustion products, Polycyclic Aromatic 
Hydrocarbons (PAH). These two types of products exist in volatile form (VOCs) or solid 
form (refer to Pr. G-E. Séralini’s document). These are POPs or TOPs. PAHs are mutagenic 
and are the cause of cancers. Chronic exposure to benzene by-products is the cause of 
refractory anemia and /or acute leukemia. At high doses, benzene by-products may induce 
different syndromes of cutaneous, respiratory or generalized intolerance .  
Their presence in the astronauts’ cabin can occur only during the transport phase of the 
mission and only in the case of leakage (see previously). The risk can thus be avoided. It 
can therefore be considered as insignificant. 
 

8.3.2. Detergents and biocides  
 
Detergents and biocides (household pesticides) comprise CMR-type organochlorinated  
products or other toxic products. They exist in VOC form or in emulsions. The low recycling 
of air in the cabin means they must be avoided. 
 

8.3.3. Pesticides 
 
Certain pesticides could be added to the nutritive growing plant medium of compartment 4B. 
In that case, they would contaminate plants (that concentrate them) and thus the crewmembers 
through food.  
They may be organochlorinated or organophosphorated products. The sanitary effects of 
organochlorinated products are essentially of CMR-type, whereas the effects of 
organophosphorated products essentially concern the central nervous system (CNS), where 
they act by enzymatic inhibition.  
The use of pesticides should thus be avoided as much as possible. If it is not the case, we 
would highly recommend the use of organochlorinated pesticides rather than 
organophosphorated ones, as the sanitary effects of CMRs do not concern the CNS. Whether 
they be detergents or pesticides, if they are used, it will be essential to check their absence 
of toxicity on bacteria from compartment 1. 
 

8.3.4. Disinfectants 
 
In reality, this is the major problem.  
The use of formaldehyde must be avoided. Formaldehyde is used on Earth to disinfect 
operating rooms. It is also used in glues. Formaldehyde can be presented in VOC form; The 
low renewal of air in the cabin will thus contribute to the occurrence of acute toxicity 
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syndromes. Formaldehyde also acts with a CMR mechanism. It is a carcinogenic substance, 
rated as certain by WHO, owing to its highly mutagenic properties for both people and 
bacteria (positive Ames’ test). The possibility of compartment 1 being exposed will thus need 
to be tested. In all cases, it seems absolutely necessary to avoid using formaldehyde. 
Using halogenic disinfectants. This is a very difficult issue. Obviously, such disinfectants will 
need to be used to disinfect water. Two problems here: 

1. Accumulation of chlorine (should chlorine be selected), iodine or bromine in the 
whole Melissa system will be difficult to avoid during recycling phenomena. At a very 
high temperature, chlorine may combine with other organic products to become 
organochlorinated products, in particular very toxic dioxins and furans. However, 
except in case of an accident, the risk does not exist here owing to the absence of high 
temperature in the cabin. 

2. But the risk of corrosiveness of materials used to build devices within the Melissa 
system and for the inner surface of the cabin is important, which should lead to the use 
of a less corrosive disinfectant than chlorine. 

 

8.3.5. Heavy metals and other metals. 
 
Lead, nickel, mercury, cadmium, aluminum, cobalt, platinum are toxic and even very toxic for 
the body, even in the form of traces. These are hydrosoluble NOPs acting at a low 
concentration. Operating mechanisms are multiple: replacement of metals naturally linked to 
enzymes with the risk of enzymatic inactivation, inhibition of DNA detoxication and repair 
processes, mutagenic or promoting effects, toxic cellular effects, etc. 
Therefore it is essential to use a non-corrosive disinfectant for the cabin’s materials and to 
plan the composition of materials according to their corrosive risk. 
Lead is obviously very toxic as well as mercury that is the only heavy metal to accumulate in 
animal terrestrial ecosystems (fish, shellfish, etc), mainly in the liver. Lead poisoning is the 
cause of saturnism and mercury poisoning is the cause of neurological symptoms that may 
seriously jeopardize the astronauts’ mental health and thus, the mission’s success. 
Furthermore, certain metals are toxic for bacteria (refer to Pr Péchère’s document) and thus 
may have an impact on the way the Melissa system works. Therefore, a very precise 
assessment of the risk of contamination within the Melissa system related to the corrosive 
effect of detergents and materials used needs to be carried out. 
 

8.3.6. Particles 
 
Contamination of the cabin by PM 2.5 or PM 10 carbon particles or particles or fibers of 
another nature (asbestos, silica), as well as contamination by nanoparticles, must be 
avoided. 
Carbon particles < PM 2.5 are vectors of chemical pollutants (biocides, PAHs, etc) and of 
allergens in the air. On Earth, they boost outside and inside air pollution. The air inside the 
cabin must therefore be filtered. 
In addition to this, the risk of nanoparticles should be taken into consideration owing to their 
cutaneous and even intracellular penetration. Sanitary effects are still unknown. However, 
filtering these particles is a real problem. Therefore we strongly advise against the cabin’s 
contamination by nanoparticles. 
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8.4. Pathogenicity 
 
There are two types of chemical effects to consider: (1) effects on the functioning of the 
Melissa system and (2) on the crewmembers’ health. 
 

8.4.1. Effects on the Melissa system 
 
POPs, TOPs and NOPs can be introduced in the Melissa system through feces and urine. 
Owing to the CMR effect of POPs, in the form of traces, they may lead to bacterial mutations 
(approx. 50% of them have a positive Ames’ test). Moreover, at a suitable dose, TOPs  may 
have bactericidal effects. Finally, NOPs may be toxic to bacteria, even at low doses. 
Consequently, chemical pollutants may modify conditions of bacteria growth within the 
Melissa system and even lead to its complete destruction. In that case, compartment 1 would 
certainly be the first concerned. Whereas bacteria from compartment 1 may destroy organic 
products (POPs and TOPs), they would be able to do the same with NOPs. 
Therefore, the toxicity on bacteria of NOPs, and in particular heavy metals, must be 
considered as a priority. But toxicity of TOPs should also be taken into consideration, as 
while destroying bacteria, they decrease the ability of bacteria to destroy them. And yet, 
going from compartment 1 to compartment 2, these products may also destroy or modify 
bacteria growth in other compartments and finally destroy the whole system. 
As a whole, the effects of chemical products on the way the Melissa system works may thus 
lead to its total destruction and consequently, constitute a vital risk for the astronauts. 
 

8.4.2. Sanitary effects 
 
They concern crewmembers. Owing to the delayed onset of the CMR effect  of POPs, of its 
individual rather than collective nature (role of the susceptibility genes) and  of its mostly 
subacute or chronic development, we can consider the CMR risk as secondary. Indeed, the 
only risk to consider for this mission is the onset of cancers. And yet, this risk seems 
extremely low due to the short latency period (3 years). This is not the case of the risk of 
immunosuppression (see previously). The issue of the chemical risk of POPs should be 
broached from the viewpoint of induced immmunosuppression. 
On the other hand, the toxic risk of TOPs and NOPs, in particular heavy metals, should be 
considered, owing to the collective rather than individual nature of their sanitary effect, to an 
acute rather than chronic development of the symptoms they induce, to the progressive mental 
psychological or neurological deterioration they may cause, to their multiple metabolic action, 
possibly to the inhibition of cell detoxication they may cause (refer to Pr. G-E. Séralini’s 
document) and mainly to their potential toxic effect on bacteria within the Melissa system. 
It is obvious here that TOPs and NOPs are the most harmful chemical products for the 
mission. 
 

8.5. General synthesis concerning chemical risks. 
 
Though chemical risks do exist, they should actually be considered, from the viewpoint of 
their onset probability and severity, as less important than infectious risks for the following 
reasons: 
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1. chemical risks can be more easily monitored with lab test prior to the mission and through 
the implementation of protection and monitoring systems (refer to Pr. G-E. Séralini’s 
document). 
2. In principle, the toxicity of the most harmful products (TOPs, NOPs) depends on the dose, 
which enables to establish a threshold that should not be exceeded. 
3. Contamination sources are easier to determine (materials used for the devices and inner 
surface), which allows to conceive effective precaution measures. 
4. The sanitary effects of POPs have a delayed onset and can therefore be considered as out of 
the mission’s timeframe. 
5. As far as crewmembers are concerned, the onset of sanitary effects may be individual and 
not systematically collective (it is the case of cancers notably), which will never be the case of 
infectious risks that will always be collective, owing to the mission’s conditions (see 
previously). 
6. Their effect on the Melissa system should be averted thanks to a toxicity assessment with 
suitable lab tests carried out prior to the mission. 
7. The major problem thus concerns essentially the choice of materials for the cabin and of 
disinfectants, and possibly, should they be used, that of detergents and pesticides. 
 

IX.  INTERRELATIONS OF RISKS 

 
In the Melissa system, from the thermodynamic, functional and sanitary viewpoint, one 
should individualize several couples of risks that constitute so many weaknesses in the 
system. 
 

9.1 General thermodynamic aspect. 
 
In a simplified representation of the Melissa system, there are in fact two major energetic 
sources, solar energy brought to sector 4B and internal chemical energy initially brought to 
the system (recycling sector). 
 
(1) 
 4B 

 CO2 O2 

 

     1, 2, 3, 4A    crew 

 

 O2 

 

 

 
It is here essential to calculate the critical quantity of chemical energy required for the system 
to work. Thus, this depends on the amount of solar energy available on Mars and on the 
internal supply within the system, expressed in critical masse of culture medium for bacteria. 
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This expression can be done in glucose moles contained in the medium, or more precisely, in 
ATP equivalent. Assessing the energetic supply within the system relies on (1) solar energy, 
(2) the type of bacteria used, (3) the number of astronauts, (4) the mission’s duration and (5) 
entropic energetic losses. 
 
(2) 
 Solar energy 
 4B      Total quantity of energy 
 supplied to the system 
 Chemical energy 
 1, 2, 3, 4A 
 
 
A third potential source of energy would be the nutritional medium in sector 4B, ensuring 
plant growth, if ATP or glucose were added to it, as it is done for media designed for the 
cultures of eukaryotic cells. 
 

9.2. Oxygen 
 
Oxygen generation relies on the two compartments 4A and 4B, compartment 4A produces 
oxygen through recycling and compartment 4B, by photosynthesis. Both compartments must 
work in a synchronized and controlled way to generate a constant flux of oxygen, leading to a 
21% concentration in the cabin air.  
 
 
 
(3)    
 
 
 
 
 
4A and 4B thus constitute a couple whose synchronized control requires to be ensured. 
 
And yet, compartment 4B is the most vulnerable as oxygen is generated in it by 
photosynthesis and as the latter relies not only on solar energy, but on plant growth. 
 
(4) 

 
Indeed, plant growth depends on various factors including the quality (and quantity) of the 
nutritive medium used, the quality and quantity of its recycling from compartments 1, 2 and 3, 
the intensity of solar energy and the type of plants. 
 
 
 

solar energy   �   plant growth   �   O2 



 28 

9.3. Generation of chemical energy 
 
Chemical energy is supplied in ATP form by glucose and oxygen. 
Glucose is either directly provided to the system (recycling sector) – it can be called “internal 
chemical energy” (see previously) -, or generated by plants in compartment 4B from solar 
energy and the carbon cycle. And yet, the generation of glucose here too relies on various 
factors, including plant growth. 
 
(5) 

 
Plants in compartment 4B are therefore requested to generate not only part of the oxygen, but 
also all of the glucose available for astronauts. 
From the viewpoint of thermodynamics, it is vital to check whether solar energy on Mars is 
compatible with sufficient plant growth to ensure a constant and sufficient flux in glucose in 
the system, i.e. sufficient chemical energy, while taking into account the existence of entropic 
losses. 
 

9.4. Material dependences of the Melissa system 
 
 9.4.1. The functioning of the Melissa system depends on the mass of culture medium 
available for bacteria in the recycling sector (compartments 1, 2 , 3 and 4A). Yet, there is no 
recycling of bacterial media themselves. Thus: 
 
(6)  

 
 
This is a one-way reaction, which translates the progressive exhaustion of the internal 
chemical energy and thus the need for an initial critical supply available for the whole 
duration of the mission. 
 
 9.4.2. The functioning of the Melissa system also depends on the mass of nutritive 
environment in sector 4B that will also progressively become exhausted as recycling 
generates material entropic losses. Thus: 
 
 
 
 
 
 
 
 

solar energy   �   plant growth   � glucose 
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(7) 

 
In energetic equivalent, what is recycled is less than what is consumed and is written: 

(c) + (d) + (e)  <  (a) + (b) 
or else: 

(a) + (b) – [(c) + (d) + (e)]  =  entropic losses 
 

9.5. Recycling of water, electrolytes and other nutrients 
 
The quantity of water and electrolytes included in the Melissa system relies not only on the 
existing quantity in crewmembers, but also for a major part, on the initial supply of the 
nutritive environment in sector 4B. Coupling is here reversible as there is recycling. Thus : 
 
(8) 

 
 

For water, there are three sectors of distribution: 
 

(a) The intracellular sector 
(b) The extracellular sector                                (9) 
(c) The extraorganic sector 

 
 
 
Sectors (a) and (b) correspond to the whole crew, if it is considered as a super-organism. 
Sector (c) corresponds to the cabin’s atmosphere and mainly to the nutritive 
environment of sector 4B, as water cannot be both in the crew and sector 4B at the same 
time. Determining (c) is thus crucial. 
 
The same reasoning should be held for electrolytes, macronutrients (carbohydrates, proteins, 
lipids) and micronutrients..  
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The critical mass of the nutritive medium in sector 4B, as well as its composition, are 
therefore two essential parameters to determine for recycling issues. Thus, in addition to the 
quantity of water and electrolytes, one should determine, as regards macronutrients, the 
quantity of nitrates to be added, as well as that of carbon products (as the available CO2 is not 
that generated by the crew) and as regards micronutrients, the quantity of trace elements, 
vitamins and essential amino acids and fatty acids. And this require to take into account 
entropic material losses in the cabin. 
 

9.6. Macro and micronutrients 
 
The astronauts will be subject to a strict vegetarian diet that is in itself the cause of 
undernutrition related to deficiency in supply and/or to a malabsorption syndrome. 
 
(10) 

 

9.7. Immunosuppression 
 
Immunosuppression has three potential root causes: undernutrition, chronic stress and certain 
chemical products. The major consequence is the infectious risk. 
 
(11) 

 

9.8. Vegetarian diet and infectious risk 
 
In reality, from a microbial viewpoint, the vegetarian diet has two consequences: 

- It modifies the composition of the microbial microflora, 
- It induces immunosuppression. 

Therefore, in itself, it increases considerably the infectious risk. 
 
(12) 

 

Vegetarian diet        �       Undernutrition 

Immunosuppression        �       Infectious risk 
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9.9. Recycling conditions 
 
Recycling is possible providing (1) astronauts are in good health (qualitatively and 
quantitatively suitable urine and feces), (2) the different compartments are not contaminated 
by infectious agents (compartment 3 is the most vulnerable), (3) they are not contaminated by 
toxic pollutants (compartment 1 is the first concerned) and (4) bacteria have enough culture 
medium to reproduce (available internal chemical energy) 
Yet, conversely, the quality of recycling also conditions the astronauts’ health that also relies 
on potential infectious and/or chemical contamination. Thus: 
 
(13) 

 
 

9.10. Cybernetic functioning of the Melissa system 
 
The Melissa system is designed to work in constant and continuous flow, thus in a controlled 
way. This implies a feedback-type cybernetic control at two levels: at the level of each 
compartment and at the level of the whole system. There are thus two types of control loops 
to allow for. A control of the main parameters (O2, CO2, H2O, glucose, NO3

-, NH4, etc.) will 
no doubt need to be considered owing to the vital importance of these parameters. But, 
moreover, the easiest approach will no doubt be to control bacteria growth through a supply to 
the culture medium (amount of glucose added to the medium), supposing the way they work 
is constant. 
 
(14) 

 
 
It is obvious that any cybernetic problem in one compartment will lead to failures in the 
whole system and thus to a threat of the crew’s survival. 
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9.11. The Melissa system and vital risk  
 
The Melissa system is in itself extremely complex. A failure or the destruction of one 
compartment will inevitably lead to the failure of the whole system and to the quasi-
immediate death of all the crewmembers. Such a failure may be induced by multiple factors: 
 

1. infectious contamination of a compartment (mainly compartment 3), 
2. toxic chemical contamination of a compartment (mainly compartment 1), 
3. growth instability of compartment 4B, 
4. astronauts’ undernutrition and bad health 
5. cybernetic-type failure. 

Whatever the cause, this will lead to a vital risk for the crew. 
 
(15) 

 
 

9.12. The absence of a safety buffer effect 
 
Regrouping rationally all the previous relational couples is almost impossible, as interactions 
between the system’s elements and its complexity are numerous. 
Another aspect to consider: the very small size of the safeguard in the system. In order for a 
system to work sustainably and in a stable way, it requires necessarily a safeguard to absorb 
functional jolts. In nature, life is possible provided that oxygen, matter and energy are 
available in unlimited quantity for the organism. Recycling is carried out on a much wider 
scale and is diversified. This is not the case of the Melissa system, as there is only one 
recycling resource that is not diversified, and as only the nutritive medium in sector 4B 
ensures the system’s buffer reserve. In order for the Melissa system to be able to work 
sustainably, the quantity of the initial nutritive environment in sector 4B needs to be as 
high as possible and its quality (its chemical composition) should be determined according 
to the system’s general requirements. 
 
 

X. PRIORITIZATION OF SANITARY RISKS 

 
The priority target of the Melissa system is to ensure the crew’s survival in the conditions of 
the mission. It is always difficult to assess the onset probability of a risk and its degree of 
severity. Owing to what was stated previously, from a sanitary viewpoint, the vital risk for 
crewmembers should be listed at the top, the infectious risk in second position and the 
chemical risk in third position, while noting that the latter owes its position mainly to the 
fact that it is, in principle, easier to control before and during the mission..  
By using the score system proposed, from the viewpoint of severity, the score of 5 
(catastrophic) should be given to the vital risk, a score of 5 to the risk of a failure in the 
Melissa system, a score of 4 to the infectious risk and a score of 3 to the chemical risk.  

Failure of the Melissa system     �     Vital risk for the crew 
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From the viewpoint of the probability of frequency, the score of 5 should be given to the vital 
risk, a score of 5 to the risk of a failure in the Melissa system in current conditions, a score of 
4 to the infectious risk and a score of 2 to the chemical risk. 

 

XI.  PREVENTION AND PRECAUTION MEASURES  

 
In the present state of the Melissa system, several sanitary measures can be taken to minimize 
the risks. All these measures must be taken prior to the mission. 
 

11.1. To minimize the infectious risk: 
 

11.1.1. Astronauts’ selection based on: 
 

- precise studies of infectious medical history, 
- assessment of their immune condition, 
- assessment of their nutritional condition, 
- ability to adapt to a vegetarian diet. 

 
11.1.2. Isolation in nutritional and proximity conditions similar to that of the mission 

(for 6 months) to: 
 
- assess the accountancy of the microbial flora, 
- assess food deficiencies, 
- assess immune after-effects, 
- assess modifications of microbial flora induced by the vegetarian diet and resistance to 

antibiotics. 
 

11.1.3. Design of the cabin and operations to limit the onset of traumatisms. 
 
11.1.4. Drawing up of the list of possible infections in immunosuppressed subjects. 
 
11.1.5. Selection of antibiotics in these circumstances. 
 
11.1.6. Trials to attempt at correcting microbial imbalance by using probiotics. 

 
11.1.7. Selection of food complementation aiming at fighting against undernutrition 

pertaining to deficiency and immunodepression. 
 

11.2. To minimize the risk of chemical toxicity 
 
 11.2.1. Draw up the map of the astronauts’ polymorphism genes to determine their 
potential susceptibility to chemical products. 
 
 11.2.2. Measure their ability to perform enzymatic detoxication. 
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 11.2.3. Design the cabin and the devices within the Melissa  system to limit their 
corrosion and the risk of toxicity due to metals.. 
 
 11.2.4. Prohibit detergents or if this cannot be the case, choosing them after testing 
their potential toxicity on bacteria in the Melissa system. 
 
 11.2.5. Prohibit biocides. 
 
 11.2.6. Limit the use of pesticides in sector 4B. Check their non-toxicity on bacteria 
within the Melissa system. 
 
 11.2.7. Choose the least corrosive disinfectant(s). Check sealing of disinfected circuit 
compared to bacterial compartments in the Melissa system. 
 
 11.2.8. Use asbestos must be forbidden. 
 
 11.2.9. Filter dust PM 2.5. 
 
 11.2.10. Make sure there is no nanoparticles in the cabin. 
 
 11.2.11. Provide permanent control of potential toxic products in astronauts’ air, urine 
and saliva, in the Melissa system’s compartments. 
 

11.3. In reality, the major risk is the vital risk. This is entirely related to the 
Melissa system itself.  
The Melissa system is complex. It is a very reduced ecosystem compared to what exists on 
Earth. Thus, research needs to be carried out in different fields. 
 
 11.3.1. Sector 4B is a priority, as it is the most vulnerable. Research should concern 
first of all stability of plant growth in reduced sunlight conditions on Mars. 
 
 11.3.2. It is essential to determine with precision the recycling cycles and flows of 
oxygen, CO2, water and nitrates in the conditions of capability of sector 4B to decide the 
number of astronauts the mission can accommodate. 
 
 11.3.3. It is essential to evaluate the initial critical mass of sector 4B nutritive medium 
required for the crew, and its chemical  composition according to the number of astronauts, 
the mission’s duration (3 years) and entropic losses. 
 
 11.3.4. It is essential to evaluate the initial critical mass of culture media for bacteria in 
compartments 1, 2, 3 and 4A. 
 
 11.3.5. It is essential to evaluate nutrient losses to correct them with suitable food 
additives in quality and quantity. 
 
 11.3.6. It is essential to design the cybernetic control of the system and  
 
 11.3.7. to calculate the thermodynamic equation of the whole. 
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XII.  RESEARCH 

 

12.1. Priority axes 
 
The following five research subjects seem to be a priority: 

1. General thermodynamic evaluation of the system. The Belgian team (Brussels) who 
participated through I. Prigogine (Nobel Prize winner) to the concept of dissipative 
structure should be consulted. To my knowledge, it is the only team who can quickly 
establish the thermodynamic equation of the system. 

2. Evaluation of the nutritional and immune conditions in the case of a vegetarian diet. A 
team of nutritionists specialized in nutrition physiology is an essential element. 

3. Working out the different cycles and flows calculation. Contacts should be established 
with teams of chemists specialized in ecology and physiology. 

4. Quantitative evaluation of different parameters intervening in sector 4B.  
5. Study of modifications of bacterial flora induced by vegetarian diets and research on 

corrective factors. 
These subjects of research are crucial, owing to the vital risk, and involve the validity of 
the system itself, compared to the determination of infectious or chemical risks. 
 

12.2. Design and construction of a terrestrial automated simulator 
 
Building a terrestrial automated simulator seems essential to test the Melissa system prior to 
the mission. 
 
There are several reasons for this: 

- Assessing the accountancy of different crewmembers’ microbial flora (concept of 
bacterial super-ecosystem). 

- Assessing the nutritional, immune and microbiological after-effects of strict vegetarian 
diets and stimulating research regarding their correction by developing food additives, 
immunostimulants and probiotics. 

- Assessing the vital physiological functions in a closed atmosphere, with renewed air in 
the temperature, humidity and pressure conditions of the Melissa system. Study of the 
basic metabolisms and measurement of the different sectors of the organism with an 
impedance meter. 

- Defining and measuring the oxygen, carbon dioxide, water, electrolytes, macro- and 
micro-nutrients cycles of the Melissa system. 

- Assessing the resistance of cabin materials to corrosion from detergents and 
disinfectants. 

- Assessing psychological behaviors in the conditions of confinement and close living 
quarters of the mission. 

 
Possible consequences by the industry: 

- Pharmaceutical industry: food additives, immunostimulants, probiotics, disinfectants. 
- Water industry: recycling, purification 
- Chemical and biomaterial industry: biofilms, corrosiveness, detergents. 

 
 



 36 

XIII.  CONCLUSION – POTENTIAL ALTERNATIVE SOLUTIONS 

 
In current conditions, the project of the mission seems too ambitious: supporting in 
artificial conditions 6 to 8 crewmembers for three years on Mars is unrealistic. 
 
We propose: 

1. to reduce the number of crewmembers to 1, 2 or 3, 
2. to reduce the length of the mission to its bare minimum: 18 months to go and come 

back, plus 3 months on Mars, which amounts to 21 months total, 
3. to simplify the Melissa system by replacing sector 4B (too vulnerable) by storing a 

supply of food in concentrated form, for 1 to 3 astronauts and this, for a duration of 21 
months, keeping only, as a priority, the recycling of oxygen, water and electrolytes. 

Such an approach has four advantages: 
1. It eliminates the risk of deficiency-related undernutrition. 
2. It considerably reduces the infectious risk. 
3. It reduces the risk of failure in the recycling sector, as the latter can be reduced to 

compartments 1, 2 and 4A, and even possibly, only to compartment 4A. 
4. It also reduces the risk of chemical toxicity (absence of pesticides, food packaged on 

Earth). 
But it is obvious that such an approach can be conceived only after precise assessment of the 
load the rocket can carry.  
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TABLE 1 : ARTAC classification of environmental diseases 
 
 
 

 
TYPE 

 
DISEASES 

CMR type diseases 
1. Cancers 
2. Congenital malformations  
3. Infertility 

CNS-related diseases 

1. Degenerative diseases 
2. Multiple hypersensitivity syndromes 
3. Acquired neurosensorial diseases 
4. Stress-induced psychological 

manifestations 
5. Nevrotic and psychiatric diseases 

Immune system-related diseases 
1. Allergies 
2. Acquired auto-immune diseases 
3. Acquired immunologic deficiencies 

Miscellaneous metabolic and/or organic 
physico-chemically-induced disorders 

1. Acute and chronic poisoning 
2. Endocrine and metabolic disorders, 

including obesity and type II diabetes 
3. Acquired inflammatory disorders 

including bronchopathies and other 
organic diseases 

Emerging or reemerging infectious diseases 

1. Parasites-induced diseases 
2. Bacterial infections 
3. Viral infections 
4. Prions-related diseases 

Alterations of vital functions related to 
extreme external physico-chemical 

conditions 

1. Acute crash-related shock 
2. Acute, sub acute or chronic deficiency 

of vital functions though (1) anoxia, 
(2) dehydration, (3) denutrition, (4) 
hypothermia or hyperthermia 
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TABLE 2:  Bacteria in excess, known as pathogenic (from Russian review) 
 
 
 
 

 
 
 

Bacteria 
Bacillus cereus 

Escherichia coli 

Flavobacterium meningosepticum 

Hafnia alvei 

Klesbsiella pneumoniae 

Proteus sp 

Serratia marcescens 

Staphylococcus aureus 

Streptococcus sp 
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TABLE 3 : Yeast and moulds in excess, known as pathogenic (from Russian 
review) 

 
 
 
 

Yeast and moulds 
Aspergillus flavus 

Aspergillus fumigatus 

Aspergillus niger 

Candida parapsilopsis 

Candida sp 

Fusarium sp 

Gestrichum candidum 

Penicillum crustosum 
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