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Radiation in human space exploration

 What types of radiation are relevant for human spaceflight?
* How does space radiation affect the human body?

* How to mitigate radiation-associated health risks?

Image credit: NASA



Solar Particle Events

Gamma rays © —— Approx. size of Earth

Protons

Image credit: NASA



Galactic Cosmic Rays (GCRs)
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90% protons
9% helium nuclei
1% high energy-high charge particles (oxygen, iron, titanium...)
Image credit: NASA



Magnetic field protects the Earth from cosmic radiation

Image credit: NASA



Radiation on a trip to Mars:

* Passing through Van Allen belts (concentrated radiation)
* Lack of magnetic field
* Long duration

Image credit: NASA



Radiation in human space exploration

 What types of radiation are relevant for human spaceflight?
— Low Earth orbit: gamma rays and solar flares
— Moon/Mars: solar particle events, Galactic Cosmic Rays

* How does space radiation affect the human body?

* How to mitigate radiation-associated health risks?

Image credit: NASA



Radiation-induced DNA damage = mutations, carcinogenesis
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Each cell on a way to Mars (3 years): ~ 1 proton/3 days, 1 He nucleus/3 weeks, 1 high mass
and charge particle / 3 months (Dr. Susanna Rosi, UCSF)

Image credit: NASA



Health risks of chronic exposure to space radiation

Neuroinflammation:
\ . .
~cognitive decline

Tissue degeneration:

. "’ - Cataracts .
Carcinogenesis—— i Pulmonary damage
= N ’ Cardiovascular impairment
= == - ’,' / Digestive diseases
Also: acute radiation exposure = o o
e f

Image credit: NASA



Effects of simulated space radiation on the central nervous system
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Radiation exposure

Dose Equivalent (millisieverts)
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Annual Cosmic Radiation (sea level)

US Annual Average, All Sources

1000 mSv:
lifetime limit?

Abdominal CT Scan

DOE Radiation Worker Annual Limit

6 Months on ISS (average) -

MSL 6 Month Transit to Mars

NASA/JPL-Caltech/SwRI




Radiation in human space exploration

 What types of radiation are relevant for human spaceflight?
— Low Earth orbit: gamma rays and solar flares
— Moon/Mars: solar particle events, Galactic Cosmic Rays

* How does space radiation affect the human body?
— DNA damage, oxidative stress
— CNS damage, tissue degeneration, carcinogenesis, acute radiation risk

* How to mitigate radiation-associated health risks?
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Spaceflight studies: in vitro and in vivo

Image credit: NASA/Dominic Hart



Simulated space radiation: in vitro and in vivo
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SCIENTIFIC REP{%}RTS

Temporary microglia-depletion

after cosmic radiation modifies

phagocytic activity and prevents
et et e cognitive deficits
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Human studies: what determines radiation sensitivity?

DNA damage: high-throughput imaging 50um

and quantification of 53BP1+
radiation-induced foci (RIF)
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Flow cytometry-based DAPI+ nuclei
quantification of cell death 53BP1+ radiation-
and oxidative stress induced foci (RIF)
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Human studies: what determines radiation sensitivity?
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Human studies: what determines radiation sensitivity?

DNA damage: high-throughput imaging
and quantification of 53BP1+
& radiation-induced foci (RIF) 4h 24h
-~ 600 MeV/n *¢Fe
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Tissues/organs on a chip

Image credit: NASA



Sensitivity / Dosimetry / Prevention / Repair

Human Exploration
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Radiation in human space exploration

 What types of radiation are relevant for human spaceflight?

Low Earth orbit: gamma rays and solar flares
Moon/Mars: solar particle events, Galactic Cosmic Rays

* How does space radiation affect the human body?

DNA damage, oxidative stress

CNS damage, tissue degeneration, carcinogenesis, acute radiation risk

* How to mitigate radiation-associated health risks?

CNS: reduce inflammation and neuronal damage by depletingimmune cells or changing
the signaling patterns

Cancer: reducing DNA damage and oxidative stress
Ongoing research: spaceflight; simulated space radiation
New directions: personalized medicine , tissues on a chip
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