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Abstract: The assessment of space radiation exposure ots péanimals, cell cultures, as well as the astrtsasicrucial not
only because it is very different from that to whtbey are subjected on the earth, but also torstatel the combined effects of
exposure to space radiation under microgravitypdrticular, we evaluated the equivalent dose dueetdrons and charged
particles for biology experiments, in two shortatemissions, FOTON M3 and STS-34 mission, using eet.uminescence
Dosimeters (TLDs) to evaluate the charged partidesimetry and a set of passive neutron bubblesctbets for neutron
dosimetry. In STS-34 mission, stack bismuth traokimheter was used in addition to bubbles detedtmesvaluate the dose
equivalent rate due to neutrons in a wide energged0.025 eV-200 GeV). Considering a total dosetdboth radiation types
particles, a value of about 1 mSv/day is obtaiféd neutron component represents about 18 % dbtak
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1. Introduction

Microgravity is associated with the disturbance aiumber
of parameters at both organ and cellular levels aaghy
studies have been conducted to evaluate if thesadsitivity
is modified under microgravity conditions [1]. Inadt
microgravity and radiation are the two main factacting on
biological systems during space flights. Sincettbginning of
the space era the idea of investigating biologitednomena
in microgravity has triggered the interest of stigs and the
scientific community.

So it is very important to assess the exposurd béang to
the mixed field of space radiation. Obviously, éxperiments
in space represent the ideal benchmark to teseffeets of
weightlessness on the processing of radiation-iedulamage
compared to ground-based radiobiology experimemtd,for
this reason flight opportunities are very importantaddition,
the measurements made for biology experimentsalgti be
useful to assess the exposure of astronauts te spdiation.

The radiation environment inside a spacecraft isy ve
complex, because it is due to the interaction dmary

radiation (electrons, protons and heavy ions fro@RGand

Van Allen Belts) with the shielding materials thmbduces a
shower of secondary particles. In particular, theeasment of
the neutron dose requires different detectors, usexaf their

energy spectrum, ranged from thermal energies terak
hundred of GeV.

The unmanned FOTON M3 and the STS-134 missions
represented two short-term flight opportunitiegvwaluate the
effect of microgravity in different experiments,
accommodated inside BIOKON, a Kl (Kayser Italia)
container for experiments processing (see FigBIPKON
provides a dedicated environment for the executibtife
science experiments in microgravity. BIOKON compéats
effectively all types of biological Experiment Usit(EU)
regardless the fact that they could require elesitpower or
not [2].

The radiation detector systems applied for the toong of
the radiation environment onboard the InternatioBphce
Station (ISS) include passive and active detedfjr$assive
detectors are largely used to determine the spadiation
exposure of the experiments because they are edgantlle,
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comparatively light-weight, do not require powerdisseminating scientific data generated by Europestoads
consumption, and give integral information abouselddy on FOTON. The team also receive support from twaugd
post-flight evaluation [4]. These features are ijeassential stations in Canada.

in case of unmanned mission, as FOTON M3 misside T o

dose contribution due to charged particles wasawedl using 22 STS134 Mission

three different types of TLDs: TLD 100 (LiF:Mg,Ti}LD STS-134 mission was the latest of the shuttle Brulaa
600 (LiF:Mg,Ti) and TLD 700 (LiF:Mg,Ti), while neutron (see Fig. 3). The ltalian Space Agency led on bchd
dosimetry was performed by bubble dosimeters (Biita@o, g15.134 Space Flight of Roberto Vittori a program o
Canada) from thermal energy to 20 MeV, Polycarb®naly,periments, that involved the interest and resmuraf a
detectors from 20 MeV to 100 GeV and Bismuth steakks  mper of different actors from institutions, intetional
detectors over 20 MeV to 200 GeV [3]. o . space agencies, scientific communities, industiy society
Two dosimeters for each type were hosted insid@stip (5 promote the exploitation of the InternationabSp Station.

box to record the radiation exposure during allghglaunch  tha mission lasted for 16 days, from May 16 to 1keJune
and return phases. The readings of these detewters 5471

subtracted from the readings of the on-flight dietex to
evaluate only the radiation in orbit.
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Figure 3. STS-134 Space Shuttle launch

Figure 1. BIOKON container In these short-term missions, has been exploitezl th
microgravity condition and they represented a gdaht
2. FIight Opportunities opportunity to carry out research activities raggifiom
material science to electronics, from cellular b@gyl to
2.1. FOTON M3 Mission radiation protection, from chemistry to medical gmosis.

_ ) ) ) During the last STS-134 Endeavour mission, the BODK
FOTON -M is a series of robotic spacecraft usedRbgsia 50k part into the DAMA mission promoted by thelikia
and the European Space Agency (ESA) for reseamtiucted  gpace Agency (ASI). On the whole, seven differdalian
in the microgravity environment of Earth orbit ($&g. 2). The experiments designed both in the domain of biokigic
unmanned FOTON-M3 spacecraft was launched on Septem ggiences and dosimetry were integrated in two BIOKO
14 2006 from Baikonur Cosmodrome, in Kazakhstansmmoht
12 days in low-Earth orbit. The FOTON capsule egra 400 .
kg European experiment payload with experimengsramge of 3. Materials and Methods
scientific disciplines - including fluid physicsiotogy, crystal 31 charged Particle Dosimetry
growth, radiation exposure and exobiology.
A thermo Luminescent Dosimeter measures ionizing

radiation exposure by measuring the intensity siblé light
emitted from a crystal in the detector when heafEde
intensity of light emitted is dependent upon theiation
exposure.

Although GCR consist of 85% protons, 14% heliumg an
1% heavier particles (iron 0,02% only), HZE nuces very
important in space radiation dosimetry becauselyigiarged
and very densely ionizing. As a consequence, dvaungh the
number of HZE particles is relatively small, thegvk a

Z

Figure 2. FOTON-M Capsule significant biological impact that is comparable ttat of
_ _ _ _ protons.
During the flight the European experiments and gopeint Measurements to evaluate the charged particlesnersi

are monitored by ESAs Operations Team at the Rallo j, these two short-term flights were obtained usthgee

Operations Centre based at Esrange near Kirunade&we (ifferent types of TLD: TLD 100 (LiF:Mg,Ti), TLD 60
They are responsible for receiving, evaluating and
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(6LiF:Mg,Ti) and TLD 700 (7LiF:Mg,Ti), previously
calibrated at the NASA Space Radiation LaboratbtgRL)
at the Brookhaven National Laboratory, Upton Newkvi@].
The main purpose of these ground based measuremaste
acquire TL efficiency to apply this knowledge toeth
determination of equivalent dose from space rastiatSince
the energy range of space radiation ranges ugdw &eV/n
and its spectral composition extends from protoristnuclei,
evaluation of TL-efficiency is crucial to the pemfisance of
TLDs [7]. The relative TL-efficiency,n (E), describes
quantitatively the efficiency of conversion of ration energy
absorbed in the detector into TL light, as compaveth
efficiency of such conversion after with standaadiation {

radiation):
TL(E
)= e
N _TL(W
D(v)

Our interest was to determine TL efficiencies, heseait
depends not only upon the LET but also on the farged.

TLDs were annealed in air at 4@ for 1 h before the
exposition. Post-flight reading of the TLDs wasfpaned by
an Harshaw model 3500 manual TLD reader.

3.2. Neutron Dosimetry

Neutrons are a not avoidable component of the skagn
radiation produced by interaction of primary raiatwith the
spacecraft shielding. Because of their high LETytrons
could represent a main risk for both the electramstruments
and the health of the astronauts during spaceanissk-or this
reason, in both missions, the neutron componentbleas
separately evaluated.

A set of passive detectors has been used: two bffmsble
detectors (BTl Ontario, Canada), BDT for thermalitnens
(0.025 eV- 4 eV), BD-PND for fast neutrons (100 k/MeV),
polycarbonate detectors (20 MeV-100 MeV) &fitBi stack
(20MeV-200 GeV). Because of space and weight linaitdy
bubble detectors BD-PND, sensitive in the energgrual 100
keV-20 MeV, are used in FOTON M3 mission.

In the STS-134 mission the entire detector sebkas used
and with the elaboration of the detector readingingithe
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unfolding code BUNTO [8], the neutron energy spatithas
been obtained. The equivalent dose rate has bedua¢ed in
the energy interval 0.025 eV- 200 GeV.

4. Results
4.1. FOTON M3 Mission

The re-entry module, a 2.2 m diameter sphere, hasily
retrievable part of the satellite. The FOTON-M3 sia® took
place during the minimum phase of the 23rd solatlegy
therefore, the satellite flew during a period cleteazed by
very low solar activity, without the occurrence afhy
high-energetic solar phenomena such as flares,nabMass
Ejections and Solar Energetic Particle events. Tthesspace
radiation environment at the Earth orbit can besatered as
stable during the mission.

During this mission, TLDs were allocated into three
different BIOKON (1, 4 and 5). The BIOKON 1 was
dedicated to dosimetry experiments for the studythaf
effectiveness of different shields in the reductidrthe dose,
while the BIOKON 4 and 5 hosted the TLDs to assiessiose
for biology experiments. The equivalent dose rate do
charged particles was obtained using TLD 700. Ekalts are
shown in tab.1 [9].

Neutron dosimetry was performed using BD-PND bubble
detectors, sensitive in the energy range (100 OVMeV).
Three detectors were placed on the top of Photiptical
sensor system, a high-tech system which measuredlitime
the chlorophyll fluorescence to study the effedtshe space
ionizing radiation and microgravity on several pisynthetic
microorganisms [10]. For this mission, a simulatiointhe
entire process of primary radiation interaction anoduction
of secondary neutrons inside the satellite has baeted out
and the various components of the secondary radidtave
been separately calculated with GEANT4 MC code.

FOTON M3 capsule geometry was modeled as a splfiere o
external radius 1130 mm and composed of three cdnce
shells in Carbon fibre (5 cm), Aluminum (3.3 cmyafevlar
(3.7 cm) [11]. The experimental value obtained V|8D-PND
detectors is in good agreement with the calculateg (see
Table 1).

Table 1. Equivalent dose rate during FOTON M3 mission

Conteiner Detector Particle Energy Equivalent dose rate (uSv/day)
BIOKON 1, 4, 5 TLD 700 Charged Particles All energies 520 +43
Photo Il BD-PND Neutrons 10 keV -20 MeV 73+20 83 8with GEANT4

4.2. STS-134 Mission

In Table 2 the results for all types of TLDs expbsmn

board of the Shuttle are reported. Errors are stahd

deviations. The value of the dose equivalent nagv(day) is
the same for TLD 100 and TLD 700, and highest fiod 500
that are sensitive also to neutrons.

Table 2. Charged particles equivalent dose rate

TLD type Equivalent dose rate (uSv/day)
TLD 100 775
TLD 600 870
TLD 700 772
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The neutron ambient equivalent dose has been dgdlira
a wide energy range (0.025 eV-200 GeV) by usingetitée
detector set above described. In table 3 the eardtreported.

Table 3. Neutron ambient equivalent dose rate

TLD type Equivalent dose rate (uSv/day)
0.025eV-10keV 14

10keV-20MeV 94

20MeV-200GeV 67

Total 175

5. Conclusions

From the comparison of the results obtained from th

[4]

5]

(6]

neutron dosimetry and those obtained with TLD 600

(subtracting the contribution of these TLD 700), whs
observed that the values obtained for neutron datsynmare
higher, this is due to the fact that the TLD 60@ anly
sensitive to thermal neutrons [12]. The total egléat dose
rate is about 1 mSv/day, in agreement with the dggarted in
the literature. In fact models of the space envirtent outside
of LEO have predicted that astronaut crews cariveeetotal
body dose of approximately 1-2 mSv per day in jpiseretary
space and approximately 0.5-1 mSv each day oruttfece of
Mars due to GCR radiation.
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