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Space radiobiology is an interdisciplinary science that examines the biological effects of ionizing 

radiation on humans involved in aerospace missions. The dose-effect models are one of the 

relevant topics of space radiobiology. Their knowledge is crucial for optimizing radioprotection 

strategies, the risk assessment of the health hazard related to human space exploration, and 

reducing damages induced to astronauts from galactic cosmic radiation. Dose-effect relationships 

describe the observed damages to normal tissues or cancer induction during and after space 

flights. They are developed for the various dose ranges and radiation qualities characterizing the 

actual and the forecast space missions.

Based on a Pubmed search including 53 papers reporting the collected dose-effect 

relationships after space missions or in ground simulations, 7 significant dose-effect 

relationships (e.g., eye flashes, cataract, central nervous systems, cardiovascular disease, 

cancer, chromosomal aberrations, and biomarkers) have been identified.

For each considered effect, the absorbed dose thresholds and the uncertainties/limitations of the 

developed relationships are summarized and discussed. The current knowledge on this topic can 

benefit from further in vitro and in vivo radiobiological studies, an accurate characterization of the 

quality of space radiation, and the numerous experimental dose-effects data derived from the 

experience in the clinical use of ionizing radiation for diagnostic or treatments with doses like 

those foreseen for the future space missions.

The growing number of pooled studies could improve the prediction ability of dose-effect 

relationships for space exposure and reduce their uncertainty level. Novel research in the field is 

of paramount importance to reduce damages to astronauts from cosmic radiation before Beyond 

Low Earth Orbit exploration in the next future. 

In that sense an innovative approach could come from state of the art instrumentation and 

detectors operating in space, built for astroparticle measurements, allows for the estimation of 

GCR properties and absorbed dose with a greater accuracy, thanks to the recent availability of 

the Alpha Magnetic Spectrometer (AMS) detector, installed on the International Space 

Station, that measures charged components of cosmic rays since 2011 and is approved to 

be operative for all the life cycle of the ISS.
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Alpha Magnetic Spectrometer AMS02 

AMS is a particle detector measuring Galactic Cosmic Ray fluxes. 

It was installed on the International Space Station (ISS) on May 19, 2011 
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The AMS02  detector has collected so far 
more than 200 billion Cosmic Rays events.

More Info in the AMS-02 webpage:
https://ams02.space

The AMS Payload Operation Control Center at 
CERN operates 365 days year h24 

It uses the unique environment of space 
to study the universe and its origin by 
searching for antimatter, dark matter 

while performing precision 
measurements of cosmic rays' 

composition and flux.
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Part of  the AMS02 experiment was built at Rome 

(INFN & Sapienza)
The INFN Roma and the Sapienza university 

joined the AMS collaboration in 2001.

The group has taken part to the construction 
of the Transition Radiation Detector (TRD), 

having as main task the responsibility to 
develop the slow control electronics of  the 

GAS System of the TRD (UG-Crate).

The UG-CRATE was part of a safety-critical 
system and the group took care of all the 

phases of the development 
(Design–Test-Integrate-Fly) 

following the NASA requirements.
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At INFN Roma AMS group, led by Alessandro Bartoloni, the 

primary activity is the use of the AMS measurements of cosmic 

rays  to improve the space radiobiology knowledge with a 

primary emphasis on the
space radiation relevance and risk for human space exploration.

In this topic, there is a strong collaboration and participation to 

the Roma group of the Medical Physics department of the IRCCS 

University Hospital of Bologna, led by Lidia Strigari.

INFN Roma AMS-02 wiki:
https://wiki.infn.it/strutture/roma1/experiments/ams2/homeAvailable Thesis 
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Dr. Lidia Strigari

Medical Physics Department 

IRCCS Azienda Ospedaliero-Universitaria di Bologna, Italy 
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Cosmic Rays Interactions with 
the geo-magnetosphere

Earth is a cocoon !!! 

Magnetosphere stops/deflects 
99.9% of charged particles

the Earth Atmosphere is 
equivalent to a metal shielding  

1 meter thick

(credit : ESA)

(credit : CERN)

The annual cosmic ray “dose” at sea level is 
around 0.27 mSv

<10% of “background radiation”
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Image courtesy of European Space Agency (ESA) From Strigari et Al Front. Public Health, 08 November 2021 | https://doi.org/10.3389/fpubh.2021.733337

Space Radiation composition 
- Galactic Cosmic Rays (GCR)
- Particle emitted by the Sun (SEP) during isolated events
- Particle trapped in Earth’s magnetic field (Radiation Belt)

None of the 3 components is constant in time, mainly due to the 
solar activity

Human Space activities must 
cope with the high radiation 
environment of outer space. 
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Limits and concerns 

The manned spaceflight especially the one beyond the 
LEO could represent a concern for the health of 

astronauts.

The limit in carrying out the missions are due to health 
effects 

- short-term (<hours)

- acute effects (<months) 

- late effects including severe toxicity

Radioprotection in space is a difficult jobs due to the 
presence of different species of particle and nuclei that 

present different characteristics in penetrating the 
barrier and shielding 

Questa foto di Autore sconosciuto è concesso in licenza da CC BY-SA
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Dose-Effects Relationship  

The known dose-effect relationships are 
based on a limited number of 

astronauts 

(hundreds)
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Radiation Exposure and Mortality from Cardiovascular Disease and Cancer in 
Early NASA Astronauts S.Robin et Al - 2018
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https://doi.org/10.3389/fpubh.2021.733337

Model Study Type Dose Range/Threshold or LET #Papers Reliability Priority

Eye Flashes Spaceflight LET>5-10 KeV/µm 4 **** *

Cataract Spaceflight 8 mSv 5 *** ***

CNS Ground/Simulations 100-200 mGy 11 ** *****

CVD Spaceflight 1000 mGy 4 * ***

Ground/Simulations 0.1-4,500 mSv 8

Cancer Spaceflight < 100 mGy 2 *** *****

Ground/Simulations < 100 mGy 9

Biomarkers or 
Chromosomal Aberrations

Spaceflight <5-150 mGy 11 *** *****

Ground /Simulations < 10,000 mGy 4

Other Risks Ground/Simulations 2,000 mGy 2 * ***

*= Very Low, **=Low,***=Medium,**** = High, ***** = Very High.
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Article Statistics (June 2022)
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Summary of mission personnel dosimetry from all 

past NASA crew (Cucinotta et al. 2008).



Double-Strand Break (DSB)

Single-Strand Break (DSB)
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Photo courtesy of NASA
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Image courtesy of IAEA
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https://www.frontiersin.org/articles/10.3389/fpubh.2021.733337/full#B27
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Work in progress at Roma AMS group 
(A.Bartoloni,  A.N. Guracho, L.Strigari) 

•“The scarcity of data with animal 
models for tissues that dominate 
human radiation cancer risk, 
including lung, colon, breast, liver 
and stomach , suggest that studies of 
NTEs in other tissues are urgently 
needed prior to long-term space 
missions outside the protection of the  
Earth’s geomagnetic sphere” 
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Cosmic Ray Observatory

“A cosmic-ray observatory 

is a scientific installation 

built to detect high-energy-

particles coming from 

space called cosmic rays. 

This typically includes 

photons (high-energy light), 

electrons, protons, and 

some heavier nuclei, as 
well as antimatter particles.

Credit : P. Picozza (INFN)
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International Space Station based

Principal Operating Cosmic Ray Space Detectors
Satellite Based

AMS02 – 2011

ACE - 1997

CALET - 2015

DAMPE - 2017

ISS-CREAM – 2017-2019
PAMELA – 2006-2016
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an ensemble of instruments 
each one designed to 

capture and measure the 
cosmic ray particles
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Missions Operations
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(Image by  V. Choutko – AMS Collaboration)
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HEP-APE Energy Range

AMS02 - 500 MeV-3TeV

50 – 500 MeV

CALET - 1 GeV-10TeV

CALET 

ISS-CREAM 

ISS-CREAM - 1TeV-1PeV

PAMELA - 50 MeV-2TeV

PAMELA 

AMS02 

ACE

Energy (GeV)
1010.1 102 103 104 105 106 1070.01

DAMPE - 5GeV-100TeV

DAMPE 
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The biological effects of ionising radiation 
is a consequence of the energy transfer 

by ionization and excitation
to body cells



Cosmic Rays 
Solar Modulation

Cosmic rays from interstellar medium are 
«screened» by the Heliosphere.

This effect is particularly visible at low energies

Measurements of time evolution of cosmic ray 
fluxes of different particles over an extended 

period of time is very valuable
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NTE in Tumor 
Prevalence

(TP) of HGT in 
rodent model

• Prevalence is the number of 
people/cell with a specific disease or 
condition in each population at a specific 
time. This measure includes both newly 
diagnosed and pre-existing cases of the 
disease. 

• Tumor prevalence (TP) is described by 
a Hazard function, H, which is dependent 
on radiation type for γ-rays or particles 
with charge number Z and kinetic energy 
per atomic mass unit (u), E and fluence F, 
the energy per unit area contained in the 
particles with which a cell is irradiated

TP= 𝟏 − 𝒆−𝑯(𝒁,𝑬,𝑭)
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Hazard 
Functions for 
Gamma &
Target 
Effects (TE) 



Hazard 
Function 
for 
Non-Target 
Effects 
(NTE) 



Models to 
evaluate the 

NTE 
contributions
using the AMS 

data 



Tumor Prevalence 
(TP)
•Endpoint Exp Data 

:Harderian Gland 
Tumor 

•Cells Survival 
Probability Models 
Library

•R-Script Coding 

Input
•background prevalence H0, 
linear gamma induction and 
quadratic gamma induction 

•absorbed dose interval 
(default 0-1000 Gray)

•selecting appropriate CSP 
models

Output
•Calculating the Tumor

prevalence with
different models

•Plot: Cell Survival
probability function,
Tumor prevalence (TP)

27/7/2022
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Tumor 
Prevalence (TP)
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Gamma Rays
• TP= 𝟏 − 𝒆−𝑯(𝒁,𝑬,𝑭)

• 𝐇𝛄 = 𝐇𝟎 + 𝛂𝛄𝐃+ 𝛃𝛄𝐃
𝟐 𝐒(𝐃)



TE vs NTE
In the plots the percentage of tumors prevalence is used to investigate 

the effects of Non-Target Effects (NTE) in predictions of chronic GCR 
exposure risk. 

The expected contribution of the NTE is an increase of radiation risk 2-
fold higher compared to a TE model. 

detrimental effects of ionizing radiation are not restricted only in the 
irradiated cells but also to non-irradiated bystanders or even distant 

cells manifesting various biological effects.
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https://loop.frontiersin.org/people/1315928/bio
https://wiki.infn.it/strutture/roma1/experiments/ams2/home
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Workshops on Radiation Monitoring for the International Space Station

For Infos and registration please contact 
Prof. Guenther Reitz (guenther.reitz@dlr.de)

Or visit the web page 25thWRMISS

mailto:guenther.reitz@dlr.de
https://wrmiss.sciencesconf.org/
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