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Introduction 
 
Cosmic radiation is considerably higher on cruising altitudes used in aviation 
than at ground level. Exposure to cosmic radiation may increase cancer risk 
among pilots and cabin crew. The International Commission on Radiation 
Protection (ICRP) has recommended that aircrew should be classified as 
radiation workers (1). 
 
Quantification of cosmic radiation doses is necessary for assessment of 
potential health effects of such occupational exposure. For Finnair cabin crew 
(cabin attendants and stewards), flight history is not available for years prior 
to 1991 and therefore, other sources of information on number and type of 
flights have to be used. The lack of systematically recorded information is a 
problem for dose estimation for many other flight companies’ personnel as 
well. Several cosmic radiation dose estimations for cabin crew have been 
performed using different methods (e.g. 2-5), but they have suffered from 
various shortcomings. Retrospective exposure estimation is not possible with 
personal portable dosimeters. Methods that employ survey data for 
occupational dose assessment are prone to non-differential measurement 
error i.e. the cabin attendants do not remember correctly the number of past 
flights. Assessment procedures that utilize surrogate measurement methods 
i.e. the duration of employment, lack precision.  
 
The aim of the present study was to develop an assessment method for 
individual occupational exposure to cosmic radiation based on flight time 
tables. 
 
Material and methods 
 
We collected information on frequency of flights and craft type used on each 
route into a matrix from Finnair timetables at five year intervals (from 1960 
to 1995). A flight profile i.e. taxiing time, descent time, ascent time, and 
cruising altitude and time was assigned to every single route mainly based on 
the aircraft used on the specific flight and with the help of expert 
information. The Finnair route distribution does not change very much during 
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a couple of years. Thus, the doses estimated in five year intervals, could be 
used for adjacent years as well. 
 
Information was collected on the total number of cabin crew members for 
every fifth year (from 1960 to 1995). Also the number of personnel aboard 
was obtained. This number depends mainly on the aircraft type used. 
Information about cabin crew work history was acquired from Finnair archives 
and from Finnish Cabin Crew Union database.  
The cosmic radiation dose for every route and every five year interval was 
calculated using EPCARD (European Program package for the Calculation of 
Aviation Route Doses), a software package developed for this purpose by the 
GSF institute of radiation protection (6). The effective dose of galactic cosmic 
radiation for each route was calculated as a function of altitude, latitude, 
heliocentric potential, and flight time.  
 
The cosmic radiation dose i.e. the mean individual yearly dose was calculated 
first, by multiplying the radiation dose received from a single flight with the 
number of cabin crew on board during the flight, to obtain the group dose that 
all cabin crew members acquired together during a single flight. The dose was 
then multiplied by the number of the flights on the same route within the year 
to obtain the total dose during one year on that route. The total dose from 
this flight was then summed up with yearly doses from all other routes during 
that year, in order to obtain the collective cosmic radiation dose gained by all 
cabin crew during one year. That figure was divided with the total number of 
air crew during the year to get the mean yearly dose for a one member of the 
cabin crew. (Figure 1) 
 

D a te o f  t h e  
f l ig h t

F l ig h t
p r o f i le

N u m b e r o f  c a b in
c r e w o n  b o a r d

G r o u p  d o s e in
a  s p e c i f ic r o u t e

D o s e s f o r  a l l
r o u te s in  a  s p e c i f ic

y e a r s u m m e d u p

S u m d iv id e d w i t h
t o t a l n u m b e r o f

c a b in c r e w m e m b e r s
in  a  s p e c i f ic y e a r  

 
Figure 1. Calculation of the cosmic radiation dose i.e. the mean individual 
yearly dose  
 
 
The mean yearly cosmic radiation dose could be used for the calculation of the 
total individual dose received during the whole career. This requires the 
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information on the start and the end year of work for a single cabin crew 
member.  
 
Results 
 
In the year 1960, the number of Finnair cabin crew was estimated as 70 and in 
the year 1995 the number was 1250. The number of cabin crew on board 
varied notably, depending mainly on the aircraft type and time period.  
 
The mean calculated cosmic radiation dose per year was 0.71 mSv in 1960. 
The dose increased being 1.56 mSv in the year 1980, and 2.07 mSv in the year 
1995, reflecting the increasing number of high-altitude, long-haul flights due 
to rising proportion of jet aircraft. (Table 1.) 
 
Table 1. The mean calculated cosmic radiation (mSv) dose by year. 
 
1960 (1958 to 1962)  0.71  
1965 (1963 to 1967)  1.39 
1970 (1968 to 1972)  1.32 
1975 (1973 to 1977)  1.67 
1980 (1978 to 1982)  1.56 
1985 (1983 to1987)  2.27 
1990 (1988 to 1992)  1.55 
1995 (1993 to 1997)  2.07 
 
 
The mean calculated dose per one year was used for the assessment of 
cumulative dose during the whole career. For example, if a member of a cabin 
crew had a working career of 20 years, from the year 1975 to 1995, she/he 
gained the total dose of 36 mSv.  
 
Discussion 
 
The aim of the study was to develop an assessment method for cosmic 
radiation exposure based on flight time tables. Our method provides an 
assessment method that does not require survey data or systematic recording 
of flight history, and it is rather quick, inexpensive, and possible to carry out 
in all other flight companies whose past time tables for the past periods exist.   
 
Dose assessment methods that employ survey data are prone to random error 
i.e. the cabin attendants do not remember correctly the number or types of 
routes that they have flown during the past. Our method avoids this since 
survey data are not needed. Usually flight time tables are available in all 
flight companies. They might be archived in paper form, but computerizing 
them is relatively easy and affordable. Our method will be used in a cohort 
study among all Nordic countries’ cabin crew, where similar dose assessment 
is applied for SAS and IcelandAir personnel as well. 
 
Our method cannot provide truly individual dose as we assume a similar i.e. 
mean flight schedule to all cabin crew. Rather, the method provides a 
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calculatory cosmic radiation dose value where the variability on dose depends 
mainly on the timing of the career. Thus the method is prone to 
misclassification, which depends on the magnitude of the variability between 
cabin crew members route schedule. The method developed provides an 
alternative for exposure assessment in cabin crew studies for which work 
histories with limited information are generally available.  
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