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Cosmic radiations

Credit http://photojournal.jpl.nasa.gov/jpeg/PIA16938.jpg

Cosmic radiations are originated by 

stars, galactics and sun activities

due to high energy astrophysical

processes.
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2) Solar Energetic Particles: by solar 
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Interaction with the atmosphere
The interaction with the outer

atmosphere creates secondary and 

terciary cosmic radiations made of:

Neutrons Electrons
Gamma rays X-rays

Hadrons
Leptons

Neutrinos



Radiation effects

Cell death

Apoptosis

Due to energy deposition and distribution

along the tracks of the radiations
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What do guidelines or regulations say about cosmic
radiation exposure levels in aircrew ?

European Union member states require assessment of aircrew exposure when it is

likely to be more than 1 mSv /year and adjustment of work schedules so that no

individual exceeds 6 mSv/year.

There are findings that some crewmembers may have exposure to cosmic

radiation that is higher than what is recommended, and thus may be at greater risk

for possible health effects.

https://www.cdc.gov/niosh/topics/aircrew/cosmicionizingradiation.html

The National Council on Radiation Protection and Measurements reported that

aircrew have the largest average annual effective dose (3.07 mSv) of all radiation-

exposed workers. 1

Others estimate an aircrew cosmic radiation exposure range from 0.2 to 5 mSv per

year.

How much radiation for aircrew members ?

https://www.cdc.gov/niosh/topics/aircrew/cosmicionizingradiation.html#fn01


Radiation effects

Parameters Pilot Cumulative Faculty

Total Effective Dose(ED), mSv 34.4 (10.18--85.25) 0.83 (0.01--9.44)

Total Absorbed Dose, mGy 14.85 (4.54--37.80) 0.37 (0.003--9.44)

Muon ED, mSv 1.52 (0.44--3.75) 0.04 (0.001--0.34)

Muon Absorbed Dose, mGy 1.53 (0.44--3.76) 0.04 (0--0.35)

EMSc ED, mSv 8.78 (2.81--23.23) 0.23 (0.002--2.64)

EMS Absorbed Dose, mGy 8.1 (2.6--21.44) 0.21 (0.002--2.41)

Proton ED, mSv 3.9 (1.16--9.71) 0.09 (0.001--1.1)

Proton Absorbed Dose, mGy 1.72 (0.51--4.29) 0.042 (0.000--0.49

Pion ED, mSv 0.21 (0.07--0.55) 0.005 (0--0.06)

Pion Absorbed Dose, mGy 0.12 (0.04--0.32) 0.003 (0--0.03)

Neutron ED, mSv 19.88 (5.71--48.02) 0.46 (0.005--5.29)

Neutron Absorbed Dose, mGy 3.27 (0.95--8) 0.08 (0.001--0.88)

years



http://www-ns.iaea.org/tech-areas/communication-networks/orpnet/documents/cn223/7-frasch-presentation.pdf

Gerhard Frasch, Federal Office for 

Radiation Protection, Germany, 2014



www.caa.co.uk

The data required are: the date of departure, the 

location of departure, the flight profile, detailing the time 

in ascent, cruise and descent, and the arrival location.

All programs require regular updating, especially

for the effect of solar modulation and for changes

in geomagnetic field conditions.

There are several computer simulation programs able to calculate dose estimates

for civil and military aircrews on specific flight routes.



We decided to verify the accuracy of CARI-7 code by assessing

a basic level of radiation exposure (only ionizing events), in real-

time, and making a comparison with CARI-7 simulation data in

retrospective.

CARI-7 , recent upgrade of
CARI-6 code, calculates the
dose of galactic radiation on
aircrew members



For the real-time detection we used on board

(cockpit) a simple and very light geiger detector

(Gamma-Scout w/Alert, certified) with data logger, to

evaluate the exposition related to photons and

charged particles.

Radiation exposure was

assessed on five military flights,

of different contexts in terms of

Altitude (range 25kft-37,8kft)

and Latitude (range 41-59),

using the CARI-7 computer

program in a retrospective way.

Finally we made a comparison of the on board

recorded dose with the calculated one.



CARI-7,    3.2 µSv

Flight Rome-Genoa-Rome: 2.75 hours

Gamma Scout,    
2.4 µSv

Some measurement results

Gamma Scout dose 

30 % lower than

CARI-7



Flight Rome-Amari (Estonia): 2.65 hours

CARI-7,    9.6 µSv

Gamma Scout,    
8.69 µSv

Some measurement results

Gamma Scout dose 

12,5  % lower than

CARI-7



CARI-7,    12.2 µSv

Gamma Scout,    
13.2 µSv

Back flight, with longer duration

Flight Amari (Estonia) to Rome: 3.2 hours

Some measurement results

Gamma Scout dose 

8,3  % higher than

CARI-7



Global flight Rome-Amari (Estonia)-Rome

Very good

antisymmetry of

the two graphs

due to the latitude

differences



Some considerations ………..

 Similar data between measured value and

simulation value using CARI-6M software.

 It is not so different to use or not to use the

polar route because the higher latitude effect is

compensated by a shorter flight time.



Some considerations ………..

While CARI-7 proved to be good for calculation of doses to aircraft crew,

with error margins within 20-30%* of the measured median,  the problem of 

the biological effects of cosmic radiations still remain open, due to the 

existing differences between low and high LET radiations

Tissue Equivalent Proportional

Counter (TEPC)

*European Commission, Radiation Protection 140, 2004



Some considerations ………..

Considering the large variability in cosmic rays exposure, depending from

the different flight routes, different altitude, different latitude and period of

the solar cycle, in some cases, expecially for military aircrew, the

individual limit of 6 mSv/year in the European Union countries could be

exceeded.

New materials could be

used to shield radiations



and as reccommended in ICRP 132 (2016):

(i) inform the aircraft crew individually about cosmic radiation through an 

educational programme;

(ii) assess the dose of aircraft crew; 

(iii) record the individual and cumulative dose of aircraft crew. These data 

should be made available to the individuals and should be kept for a 

reasonable period of time that is, at a minimum, comparable with the expected

lifetime of the individuals; 

(iv) adjust the flight roster when appropriate, considering the selected dose 

reference level and after consultation with the concerned aircraft crew. 

Some considerations ………..
on perspectives

Regarding very high quote & latitude flights, it is mandatory to focus, in the near

future, on two main objectives:

- a more accurate dose evaluation, using adequate measurement devices, able to 

operate at different particles energies (Tissue Equivalent Proportional Counter)

- an exposure reduction of aircrew using organizative and shielding solutions.



Final considerations

Aircrew exposure to cosmic ray is still

an open issue.

The cumulative dose, along the years, 

is not negligible, expecially for pilots.  

We need a more accurate evaluation of 

the different energies of the particles

(low LET versus high LET).

We need to propose organizative and 

shielding solutions to reduce the pilot

exposure


