See You Later, I Have a Flight to Catch to Mars!
This article depicts the current status and the vision behind the planned manned aerospace missions to Mars, and eventually answering the question: who should go to Mars?
In order to achieve human exploration and development of space beyond our moon and specifically in the planned manned mission to Mars, an acceptable level of risk from exposure to space radiation must be precisely identified and methods should be implemented not to exceed it.
There are three naturally occurring sources of space radiation: trapped radiation due to particles trapped in the Earth’s atmosphere, solar particle events (SPE such as solar flares, and coronal mass ejections), and galactic cosmic radiation (GCR).
The Earth’s magnetosphere is efficient in deflecting approximately one-third of the space radiation and trapping another one-third of high energy particles in the two Van Allen belts. The outer belt consists primarily of electrons with energies up to 10MeV, while the inner belt consists primarily of protons with energies exceeding 10MeV. These charged particles circulate along the Earth’s magnetic lines of force. The magnetic field is open near the polar regions. 
Solar particle events are injections of energetic electrons, protons, alpha, and heavier particles from the sun into interplanetary space and accelerated to near relativistic speeds by shock waves traveling through the corona and by the magnetic energy released in solar flares.

GCR originates outside the solar system and consists of ionized atoms traveling very close to the speed of light. GCR consists of 85% protons, 14% helium, and about 1% high-energy high-charge ions (HZE) such as Fe+26. These HZE particles posses significantly higher ionizing power (millions of MeV compared to tens of MeV for protons) with a greater penetration power and potential for radiation induced damage.
How about Mars the red planet? Mars, named after the Romans bloody god of war, is 1.38 AU (207 million km) from the sun at perihelion and 1.67 AU (249 million km) at aphelion. Even though the shortest distance from Earth is 0.38 AU (57 million km) at perihelion, it will take a spacecraft much more to reach there considering the slingshot maneuvers and the relative locations of planets in their orbits. Hence, a voyage to Mars and back to Earth will take more than a year. Unlike Earth, Mars does not have a global magnetic field to shield it from solar flares and GCR (only 1/800 of the Earth’s surface magnetic field), nor it has a thick atmosphere (a mere 1/150 of the Earth’s atmosphere). This means there is no natural radiation shielding once in orbit around Mars or on Mars surface.
Ionizing radiation can damage cells through two major mechanisms. The first is through water in the organism which absorbs a large portion of the radiation and then becomes ionized to form highly reactive water-derived radicals. These radicals in turn react with DNA molecules causing the breaking of bonds or oxidation. The second is through direct collision with the DNA molecules and breaking the bonds. The damage of either case can be a single-strand break, a double-strand break, an associated base damage, or a cluster of these types. The double-strand breaks are more difficult to repair and cells may either die or change permanently (i.e. cancerous cells). See Figure 1 in the Appendix.
Health risks from radiation exposure can be classified into acute effects and long term risks. The amount and type of radiation exposure determines the extent and severity of acute effects and may range from central nervous system damage to nausea and vomiting. While long term risks include development of cataracts and an increase in the probability of the development of cancer. For astronauts exposed to space radiation, the principal concern is the increase in cancer risk. For example, a healthy forty year old male will have a 20% chance of eventually dying from cancer (did I mention non-smoker!). The added risk due to a trip of a thousand day to Mars is between 1% and 19% (with a likelihood of 3.4%). Hence, the total risk will be between 21% and 39%. Of course, this risk is high and for a female astronaut is even higher. 
Currently, there is an extensive research at NASA Space Radiation Laboratory to reduce the uncertainty in the cancer risk estimates to few percents instead of the current range of 1% to 19%. The research is conducted through exposing mammalian cells and tissues to simulated cosmic rays generated via particle accelerators and then studying the extent of the damage.

A number of parameters affect astronaut’s exposure to radiation. These parameters include the structure of the spacecraft, the materials used to construct the vehicle, the altitude and inclination of the spacecraft, the interplanetary proton flux, solar cycle position, extra-vehicular activities start time and duration, and the exposure period to radiation. Also, a major factor which is still under research is the individual’s susceptibility to radiation including genetics, age, sex, immune system, and pre-defined low level-radiation exposures. Since some genes are more prone to the mutations than others, it is possible in the future to identify astronauts with radiation toughness and then send them into deep space missions.

Improving the amounts and types of shielding aboard the spacecrafts is another key to protect astronauts against high space radiation fields. Hydrogen-rich materials such as reinforced polyethylene developed at the Marshall Space Flight Center can be used instead of aluminum alloys in the construction of the spacecraft. Such material can absorb 20% more cosmic rays than aluminum alloys and has been used in the International Space Station. Another solution is to place the liquid hydrogen fuel tanks around the most frequently occupied locations by astronauts in the spacecraft. Liquid hydrogen can absorb 150% more cosmic rays than aluminum alloys.
Radiation risk can also be reduced through a healthy diet and lifestyle including the use of antioxidants following radiation exposure, and active monitoring of radiation fields inside and outside the spacecraft.

It is worth noting that except for the Apollo short missions to the moon, NASA’s manned spaceflight missions have stayed well below the altitude of the Van Allen belts. In addition, mission planners avoid periods in the 11-year solar cycle with increased solar activities when there are numerous sunspots and there is an increase in the number and intensity of solar flares. 
For dose limits, NASA has adopted the recommendations of the U.S. National Academy of Sciences, Space Science Board, and the U.S. National Council on Radiation Protection Measurements (NCRP) for spaceflight dose limits shown in Table 1 in the Appendix. 
In summary, deep space in our solar system is a very adverse environment filled with protons from solar flares, gamma rays from new born black holes, and cosmic rays from supernovas [3]. A human voyage to Mars is a very bold adventure, but achievable. That is only if we understand the risks and minimize it through extensive research on the effects of space radiation on mammalian cells, the effects of genetic factors, the use of improved shielding materials, active monitoring of space radiation, and accurate measurements of the radiation fields throughout the voyage.
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Figure 1: Radiation Effect on DNA Molecule [NASA]. (a) Radiation Interaction with a DNA Molecule [NASA], (b) X-Ray versus Heavy-Ion Interaction with DNA molecule [NASA]

Table 1: Dose Limits for Astronauts and Terrestrial Nuclear Workers

	Organ Specific Dose Limits for Astronauts [NCRP]

	Exposure Interval
	Blood Forming Organs
	Eye
	Skin

	30 Days
	25 rem
	100 rem
	150 rem

	Annual
	50 rem
	200 rem
	300 rem

	Career
	150-400 rem [200+7.5(age-30) for men]

100-300 rem [200+7.5(age-38) for women]
	400 rem
	600 rem

	Dose Limits for Terrestrial Nuclear Workers

	Annual
	5 rem

	Career
	10 rem


