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PERSONAL DOSIMETRY
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Personal dosimetry: Surveillance of the radiation exposure of astro — and cosmonauts (passive)
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Radiation dose during the travel to Mars and on the d
planet’s surface measured by RAD on MSL F-\IR
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RAD Instrument Overview

RAD — The Radiation Assessment Detector for MSL

RAD was selected for MSL
to characterize the radiation
environment (charged and

neutral) on the surface of
Mars. RAD consists of:

» Solid state detector
telescope & Csl calorimeter
for charged particles.

» Plastic scintillator w/ anti- * Mass=1.56 kg Launch date: 26.11.2011
e Power=42W

coincidence logic to detect
 Volume= 10x 12 x20 cm® . .
neutrons. * Field-of-View = 65 deg. (full angle) Landing date: 06.08.2012
*  Csl detects y-rays also, but RTG * Geometry Factor = 1 cm? st

background is high.

FAIR | ESA 6
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GCR dose in different mission scenarios based on the recent MSL measurements (Zeitlin et al.. 2013; Hassler et al., 2014). Inspiration Mars is a 501 flyby mission. Mars sortie
assumes a 30-days stay on the planet, and Mars base 500 days. Both those design reference missions (Tito et al., 2013) assume a 180 cruise to/from Mars.

Dose summary for Mars & ISS

GCR dose rate GCR dose-equivalent Inspiration Mars sortie Mars base
(mGy/day) rate (mSv/day) Mars (Sv) (Sv) (Sv)

MSL cruise (Zeitlin et al., 2013) 046 1.84 0.92 0.7 0.98

MSL on Mars (Hassler et al., 2014) 0.21 0.64

Table 2. Summary of International Space Station (ISS) organ dose equivalents for solid cancer, leukemia and circulatory disease
risk estimates for different solar cycle conditions for females (males).

Missions Solid Cancer, Sv Leukemia, Sv Circulatory Disease, Gy-Eq
1-Y Solar Min 0.187 (0.175) 0.109 (0.104) 0.132 (0.126)

1-Y Solar Med 0.146 (0.138) 0.084 (0.08) 0.10 (0.096)

1-Y Solar Max 0.10 (0.094) 0.054 (0.052) 0.072 (0.064)

1-Y Solar Min and 0.5-Y Solar Med 0.26 (0.244) 0.151 (0.144) 0.182 (0.174)

1-Y Solar Min, 0.5-Y Solar Med, and 0.5-Y Solar Max 0.31 (0.291) 0.178 (0.171) 0.215 (0.205)

doi:10.1371/journal.pone.0096099.t002
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Predictions are for single or multiple ISS missions. Solar cycle conditions considered are average solar minimum (Solar Min), average solar maximum (Solar Max), or
median solar cycle (Solar Med), with solar modulation parameters for these conditions described in [2].
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We Never Have and Will Never Go

WAKE UP To The Moon. NASA: You Suck!

WE NEVER WENT TO (ﬁX)
THE MOON ef

AND WE NEVER V3%

Why No Pictures Of The Moon
§ Landing?

Curious Droid: Did Apollo Go
Through The Van Allen Belts?

.
MARCO DURANTE
GSI Mootz Ce

-
How Particle Physics Killed The
Moon Landing...

» Pl o) 1:35/5351

EUF: In Lies we trust, Earth
appears not to be as told.

NASA, GSI & CERN Explain Why We Cannot Go To The Moon Today

Joe Maddox
| Subscribe REE )
| 6 12,920 views
. - - - EUF: Hall of Mirrors Moon
Add to eee More 12
+ s L » Landing and Mars Hoax Proven

Published on Sep 1, 2016
NASA shows on their heliophysics .gov site that there is nothing filtering or slowing the particles from the sun. There are things accelerating
them and condensing them like our accelerators do.

Richplanet - New evidence on
st Stanley Ku_bnck faking !he Apollo

Moon landing (full version)

Robert Ritter
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National Geographic The Truth
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CSN

Dallas
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| do believe that humans landed on the Moon!
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Radiation risks:

1. Cancer

2. Tissue degenerative effects
2.1 CNS
2.2 Cardiovascular
2.3 Cataracts

3. Acute syndromes (SPE)

4. Hereditary effects

FAIR | ESA
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Durante & Cucinotta, Nature Rev. Cancer (2008)
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Biological effects of heavy ions

No human epidemiological data

12
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Total

Radiation quality

Dose-rate effects

Transfer of risk
across populations

Space dosimetry

Errors in
human data

Microgravity and
space stressors

Fold uncertainty

Durante & Cucinotta, Nature Rev. Cancer (2008)
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GCR lon Tracks Are Dangerous
Biological knowledge

v

Poor

Better

Many protons required for effect of single Fe 1on
Typical mammalian cell

Cucinotta and Durante, Lancet Oncol. 2006



Live cell imaging DNA repair protein recruitment at DSB sites

e

Jakob et al., Proc. Natl. Acad. Sci. USA ‘2'605?9; Nucl. Acids Res. 2011




Recruitment of XRCC1 to heterochromatin and
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-12 sec

X-ray repair
complementing
defective in
Chinese

hamster cells

(SSB and B-
excision repair

pathways)

Jakob et al., Nucl.
Acids. Res. 2011
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RESEARCH ARTICLE Parihar et al. Sd. Adv. 2015;1:¢1400256 1 May 2015

. COGNITIVE NEUROSCIENCE esa

What happens to your brain on the way to Mars

Vipan K. Parihar,’ Barrett Allen,’ Katherine K. Tran,’ Trisha G. Macaraeg,' Esther M. Chu,’
Stephanie F. Kwok,' Nicole N. Chmielewski,' Brianna M. Craver,' Janet E. Baulch,’
Munjal M. Acharya,’ Francis A. Cucinotta,” Charles L. Limoli'*

50+ A B
40
X
% 4
& 30+
c
O 207 * |
®
E 10 e ‘
E Tk
w O
(=] QO* 00§ 00* CS" p
—10 B b o
\50 '&o' Q«\ o
&

FAIR | ESA



Risk of radiation-induced late cardiovascular

disease
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Nature Reviews | Cardiology

Hughson, Helm & Durante, Nat. Rev. Cardiol. 2018
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Proportional Mortality Rate (%)
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Apollo Lunar Astronauts Show
Higher Cardiovascular Disease
Mortality: Possible Deep Space

Radiation Effects onthe Vascular

Endothelium

Michael D. Delp®, Jacqueline M. Charvat?, Charles L. Limoli?, Ruth K. Globus* & Payal Ghosh*
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Cardiovascular Discase | Cancer | Accident | Other
Reference Groups
US Population Ages 55-64, (n= 338, 127) 27% 4% 5% 35%
Non-Flight Astronauts, (n= 35) 0o+ 29% 53%* 9%
Astronaut Groups
All Flight Astronauts, (n=42) 17% 31% 3% 10%:*
Low Earth Orbit Astronauts, (n= 35) 11%* 31% 49%* 0%
Apollo Lunar Astronauts, (n= 7) 43%+t4 219% 14%A 14%




21
Incidence Rate of Cardiovascular Disease End Points in the National

@ Aeronautics and Space Administration Astronaut Corps
Carl J. Ade, PhD; Ryan M. Broxterman, PhD; Jacqueline M. Charvat, PhD; Thomas ). Barstow, PhD

Conclusions—These findings suggest that being an astronaut is not associated with increased long-term risk of CVD development.
(J Am Heart Assoc. 2017;6:e005564. DOI: 10.1161/JAHA.117.005564.)

A 400
Astronauts Nonastronaut Comparisons
%0 Incidence Rate Incidence Rate
- Frequency | (Per 1000 PY) | Frequency | (Per 1000 PY)
< 60 - All CVD 16 234 46 2.15
© everts
2 —— Astronauts MI 7 1.02 21 0.98
= 40 - —— Non-Astronaut Comparisons
n CHF = 073 4 0.19
Stroke 5 0.73 17 0.80
9 CABG | 5 073 2 1.64
. ' ' ' ' ' | | CAD events | 9 132 30 1.40
0 10 20 30 40 50
Years
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NASA astronauts’ cause-specific mortalltyF_\IR & esa

Astronauts with Flight Tragedies Astronauts excluding Flight Tragedies
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VPEN Contrapositive logic suggests
_space radiation not having a
strong impact on mortality of US
ens - astronauts and Soviet and Russian

Accepted: 24 May 2019
cosmonauts

Published online: 04 July 2019
Robert J. Reynolds(®?, IgorV. Bukhtiyarov? Galinal.Tikhonova?, Steven M. Day?,
: 1gor B. Ushakov® & TatyanaY. U. Gorchakova?

. Space travelers are exposed to unique forms of ionizing radiation that pose potentially serious health

. hazards. Prior analyses have attempted to quantify excess mortality risk for astronauts exposed to

: space radiation, butlow statistical power has frustrated inferences. If exposure to deep space radiation

: were causally linked to deaths due to two particular causes, e.g., cancer and cardiovascular disease,

: then those cause-specific deaths would not be statistically independent. In this case, a Kaplan-Meier

: survival curve for a specific cause that treats deaths due to competing causes as uninformative censored
¢ eventswould result in biased estimates of survival probabilities. Here we look for evidence of a

. deleterious effect of historical exposure to space radiation by assessing whether or not there is evidence
. for such bias in Kaplan-Meier estimates of survival probabilities for cardiovascular disease and cancer.

. Evidence of such bias may implicate space radiation as a common causal link to these two disease

: processes. An absence of such evidence would be evidence that no such common causal link to radiation
. exposure during space travel exists. We found that survival estimates from the Kaplan-Meier curves

. were largely congruent with those of competing risk methods, suggesting that if ionizing radiation is

. impacting the risk of death due to cancer and cardiovascular disease, the effect is not dramatic.

FAIR | ESA
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Male non-smoker 45 years old

Asteroid (1 year)

Mars opposition (520 days)
Mars DRM (940 days)

ISS (1 year)

1-Sv carrer limit (on Earth)
Emergency exposure (acute)

Radiation worker (1 year)

o 1 2 3 4 5 6 7 8 9 10
% excess lifetime risk

FAIR | ESA Durante & Cucinotta, Nuclear Physics News 2014 26



REID: gender/age dependence

0.04

— Females
— Males
0.00 L, L PP PP i,
30 40 50 60 70 80

Age at exposure

REID is larger for femaies than tor maies ana aecreasing with age. 30%
difference@30 years
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Astronaut Eileen Collins was the first woman to pilot the space shuttle in 1995. NASA

New NASA radiation standards for astronauts seen as leveling
field for women

By Anil Oza | Jun. 29, 2021, 10:35 AM

A blue-ribbon panel has endorsed NASA's plans to revise its standard for exposing astronauts to radiation in a way
that would allow women to spend more time in space.

A report by the U.S. National Academies of Sciences, Engineering, and Medicine released on 24 June encourages
NASA to proceed with its plans to adopt a new standard that limits all astronauts to 600 millisieverts of radiation

FAIR | ESA 28
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Blue team: research should be in space s

*Mixed radiation field: protons+HZE+photons+neutrons
‘Energies from few eV to TeV

 High fluence of protons (low dose rate) + low fluence
HZE (high local dose)

‘Exposure under strong stress conditions: microgravity,

. . . U
Immune system depression, hypoxia —
 Evidence that the space environment can affect organ

functions, tissue growth, cellular metabolism and gene
expression

« Space environment cannot be fully reproduced on
Earth

» Space agencies think that space science = space flight

FAIR | ESA



Red team: research should be on Earth

*Experiments in space are very
expensive

* Many hindrances and boundary
conditions, need custom hardware,
very little crew time available,
sometimes no sample return

» Experiments conditions are scarcely
under control

It is almost impossible to repeat the
experiments

-Dose rate in space is very low (<1 Ground-based research with heavy ions for space radiation protection
mSv/day), but spaceflight related
stress is very high: very low

signal/noise ratio ) ' .
- Accelerators can reproduce many our knowledge about space radiation risk

aspects of the radiation environment comes from ground-based accelerator
experiments”

M. Durante **, A. Kronenberg °

Advances in Space Research 35 (2005) 180-184

FAIR | ESA
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NASA Space Radiation Health Program at the
Brookhaven National Laboratory, Upton, NY F_\lR
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Linear
Accelerator
(LINAC)

Electon Beam \
lon Source
(EBIS)
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ESA space radiation lab @GSI

‘November 16, 2011
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The European lab for space radiation research F_\lR \\\&& esa

All ions from H
to U

Max energy 10
GeV/n
Intensity 10-
1,000x the one
at GS| SIS18
Opening slated
for 2025
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ESA'Ss GROUND-BASED @ esa
SPACE RADIATION RESEARCH > SPACE RISKS

* Investigations into the

1
4
. A4
Five European accelerators %

Space radiation remains one of the
leading causes of satellite anomalies.

This can
quickly degrade the circuits with

How much can you take? : ;

P L e ale with serious consequences — it can even
T [y B lead to the end of a space mission.
the Moon and Mars.

L] L] L] E d H t
* Solicitation and T i
the International Space Station gy - Radiation background from beyond

implementation of experiments S Lo e oSy
. : e «:ﬁ.’-’, 3 ‘ o *  the solar cycle. Cosmic ra |_at|0n IS
through COHtlHUOUSly Open « ’,‘-‘?ﬂ” ' - lead to higher ;i:knzfltc;::eli

b>

Research Announcement as o 3

Biological Effects of Space it o G
Radiation (IBER), identifying \
and testing shielding material

physics research.

The Sun delivers a high amount of

radiation in a

of time. This virulent burst of high-
energy particles is unpredictable.

ll - Space agencies invest in radiation vests
We aS a dedlcated for the crew and radiation-hardened
components for spacecraft.

Announcement of Opportunity
released (neXt 11 Sprlng 2022) #Spacel9plus  #ScienceAtESA Spacel9 &
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experiment
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Schuy et al,,
Radiat. Res. 2019

Giraudo et al.,
Radiat. Res. 2018




Normalized dose
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Effective dose from GCR behind different I_- -“R \

shielding materials
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E_ICRP from Annual GCR at Solar Minimum
- Male behind Various Shielding -

700

600 Evaluating shielding

approaches to reduce

space radiation cancer
B risks (NASA TM-2012-

I 217361). Cucinotta FA,

§‘°° . Kim MYH, Chappell LJ.
3 — Epony
w!'300 ——H0

e PE
s Liq H2

500

200

100
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0 10 20 30 40

X, g/cm?

Figure 7a. Comparisons on depth-Effective dose estimates versus shielding thickness using the ICRP
definition of quality factors for several matenials. Calculations are for 1-year GCR exposures at solar
minmum. 39
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Research emphases: research areas

and techniques

Defined and delivered GCR reference environment radiation field compatible
with NSRL operational and delivery parameters including animal care, cell
requirements and |OgiStiCS, GCR Simulation Beam consists of 33 beams

* 4 proton energies plus degrader
* 4 helium energies plus degrader
* 5Heavyions: C, O, Si, Ti, Fe

e GCRsim beam selection normalized to 500 mGy

Biological samples

experience
radiation field as if Energy (Mev/n)
they were located

Spacecraft Shielding

External Field
behind Shielding
Biological samples
experience

radiation field as if

they were located here. 20-100, 11 steps  Polyethylene degrader for energies 20 to 100
Bete: —— 150 150 0.54 35.0
H 250 3381 0.39 68.9
= H 1000 2268 022 1236
*He 20 -100. 11 steps Polyethylene degrader for energies 20 to 100
. T “He 150 16.0 247 75
*He 250 283 1.58 16.4
“He 1000 3278 0.88 249
The radiation field found within the female deep ::; o R i ==
tissue site (BFO) behind 20g/cm2of aluminum — = e - =
i 800 27 50.2 81

dynng solar minimum conditions is the reference == D R = —
field for the GCR simulator. oFe — = — =

Slaba et al. (2016) Total 500.0



New infrastructures for FAIR tested in
bhase. _ FAIR @@=
. FAIR-phase-0 (March-June 2021) g&\\?esa
simulator i
\\\\\\\x \ I &
g-esa

Schuy et al., Front. Phys. 2020

PE modulator
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ESA-FAIR Summer School in Darmstadt
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. www.gsi.de/esa-fair-summer-school.htm "
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Conclusion & Take-Home Messages F‘\lR \&\\ esa

Space radiation is the main health risk for humans in space and a
potential showstopper for exploration

High uncertainty on radiation risk caused by the radiation quality
difference compared to Earth

Lack of reliable countermeasures, due to the high energy of the cosmic
radiation

Need for more research at high-energy particle accelerators

Need for common risk models and dose limits for international
exploratory-class missions

FAIR | ESA
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