
IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague, 8-12 September 1997

TO THE EXPOSURE OF AIR CREW MEMBERS TO COSMIC RADIATION

F. Spurny1,1. Kovaf1, J.F. Bottollier-Depois2, L. Plawinski2 CZ9928476

'Nuclear Physics Institute-Department of Dosimetry, Academy of Sciences of Czech Republic, Na Truhldfce
39/64, 18086Praha8, Czech Republic

2Institut de Protection et de Surete Nucleaire, Departement de Protection de la Sante de L 'homme et de
Dosimetrie, Service de Dosimetrie, IPSN, BP n°6, 92265 Fontenay-aux-Roses Cedex, France

Abstract: ICRP 60 publication (1991) recommends to consider the exposure to radiation in jet aircraft
as occupational exposure to enhanced natural radiation in the cases when the annual equivalent doses
are liable to exceed 1 mSv. Many new data on this type of exposure have been gathered in our two
laboratories since 1991. The contribution presents and analyses these sets of data as a common com-
plex. The dose equivalent rates established are fitted as a function of flight altitude, mainly for the re-
gions far from the equator. A reasonable agreement of sets of data collected in both laboratories is ob-
served. The analysis of the cosmic rays monitors data has shown, that the cosmic rays presence in the
Earth's atmosphere is rather stable since the beginning of 1992. We have therefore tried to estimate the
possible influence of the solar cycle phase by means of a transport code. The results obtained are com-
pared with experimental data.

1. Introduction

Since the publication of the ICRP 60 recommendations in 1991 [1] we have started in both our labo-
ratories to gather the experimental data on the level of air crew members exposure [2,3]. Several meth-
ods of dosimetry have been used for both components of on board radiation: with low linear energy
transfer (LET)- electrons, high energy protons, photons; as well as with high LET- neutrons mostly.
The contribution presents and analyses these sets of data as a common complex, a fitting procedure has
been adopted for that. The possible influence of solar phase cycle is also analysed by means of a trans-
port code.

2. Experimental

Detectors used [2-4]

High LET radiation (neutrons)

* The NM2 moderator type « remmeter » based on the Anderson-Braun type of counter [5], with a BF3
proportional tube as a sensitive element. It permits to measure neutron dose equivalent rates from 0.1
to 104 u.Sv per hour.

* Bubble damage neutron detectors (BDND's) [6]. The samples available, with a 100 keV neutron en-
ergy threshold, presented a nominal sensitivity of 1 bubble per 1 \xSv of AmBe neutrons.

Low LET radiation (electrons, high energy protons, photons)

* Individual electronic dosimeters based on Si-diode and/or on the GM counters. All types tested ex-
hibit the lowest measurable dose equivalent below 1 uSv.

* Environmental dose equivalent ratemeters based on GM-counters and/or a scintillator. The lowest
measurable dose equivalent rates were in all cases of the order of 0.1 uSv per hour.

* Thermoluminescent dosimeters (TLD's). CaSO4:Dy and AbC^C have been chosen as sufficiently
sensitive materials.

168 Session 2



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

AH radiation

*NA USICAA equipment [7] with a cylindrical low gas pressure tissue equivalent proportional counter
(TEPC).It permits to determine the dose equivalent rates from 1 to 103 |j.Sv per hour. This type of in-
strument is for on board measurements taken as the reference one [8].

For low LET radiation measurements the instruments have been calibrated with 60Co photons, for high
LET measurements with neutrons of AmBe radionuclide source. For both components , the response
has been primarily expressed in terms of the dose equivalent of reference radiation.

Flight routes

From the April 1991 up to the middle of 1997 the measurements on board aircraft have been performed
during more than 20 round flights of both Air France and/or Czech Airlines companies. For Air France,
only subsonic routes will be discussed in this contribution. They have been composed of the northat-
lantic routes to Montreal, San Francisco and Los Angeles, near-polar routes to Tokyo, and transequato-
rial route to Buenos Aires; mostly on board B747 and Airbus. As far as the routes of Czech Airlines are
concerned, they extended from the equator (Singapore, 1.3°N) up to northatlantic routes to New York
and Montreal, mostly on board of Airbus A310-300 and TU 154M. For both companies, the flying al-
titudes varied from 27,000 feet (8.2 km) up to 41,000 feet (12.5 km).

3. Results and discussion

It is known, that the on board exposure level increases with the flight altitude, decreases in the equato-
rial region and would be higher in the periods of solar activity minima [8]. Only very limited informa-
tion on the solar activity influence can be obtained now, the cosmic rays presence in the Earth's atmos-
phere has been nearly constant since the beginning of 1992 [9]. Typical influence of two other
parameters is demonstrated in Figures 1 and 2. One can see there, that the exposure level is nearly con-
stant at the constant flight altitude when the route is situated sufficiently far from the equator region
(more than ~ 50-55° [8]). When going to the equator, it decreases by a factor more than two.

Figure 1. Influence of the flight altitude on the dose Figure 2. Influence of the geomagnetic latitude on
rate due to the low LET component of ra- the dose rate due to the low LET compo-
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Many results like these presented in Figures 1 and 2 have been obtained during our studies, the most of
them in the region far from the equator. The responses of different equipment expressed in terms of
ambient dose equivalents due to the reference radiations were in some cases different for the different
detectors. For neutrons, these differences are related to the difference in the spectra shape, neutron
spectrum on board contains high energy part not present at AmBe source. Due to that, the direct read-
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ings of moderator type equipment NM2, as well as BDND's underestimate the dose equivalent by a
factor of about 2 [3,4]. As far as the low LET component is concerned, the most of detectors underes-
timate the on board dose equivalent due to the differences in the depth dose distributions. Correction
factor necessary to take this fact into account was estimated to be about 1.25 [10]. When applying
these correction factors, the results obtained by different instruments at different flight altitudes and on
various routes can be taken as a set. We have tried to analyse such set through different fitting proce-
dures as a function of the flight altitude. The results obtained sufficiently far from equator have been
analysed in this way, some of fitted dependences are presented in the Figure 3. One can see there, that
they do not differ too much, we have therefore fitted all these results as one set. Generalized fitting
function obtained in such way is presented in Figure 4. The total dose equivalent rate increases from
about 4.5 u.Sv per hour at 9 km to about 10.5 uSv per hour at 13 km. It should be reminded that these
values correspond to « far-equator » region and to the period 1992-mid 1997.

Figure 3. Linear regression of the dependence of Figure 4. Linear regression of the dependence of
the exposure level on the flight altitude for the exposure level on the flight altitude for
some subsonic flights all set subsonic flight far from the equator
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This period is characterized by rather low solar activity, i.e. by rather high level of the cosmic rays
presence in the Earth's atmosphere. The question is what would be the maximum influence of solar
activity on the exposure level. To estimate it we used transport code CAR! available in the USA [11].
In it, the solar activity is taken into account through « heliocentric potential » which values vary from 0
to 1600 MV [12]. We have calculated the variation of exposure levels at the places of some cosmic ray
monitors, the results obtained are presented in Figure 5. One can see there that the influence changes
with the geomagnetic position. The influence is rather low close to the geomagnetic equator (Tokyo),
the exposure level at the minimun solar activity (~ 0 MV) can be however up to two times higher than
at the solar maximum close to the geomagnetic pole (Deep River). It should be mentioned that the re-
gression dependence presented in Figure 4 corresponds to the period with the mean value of heliocen-
tric potential about 450 MV. The values presented can be therefore still up to 30 % higher.

The values of heliocentric potential can be deduced from some geophysical data [12]. Nevertheless, it
was recommended to relate them to the counting of Deep River monitor[12]. However this station is
no more working. We have tried, therefore to correlate the data of Deep River with the data available
from the monitor station at the Lomnicky stit mountain (Slovakia). Their correlation is demonstrated in
Figure 6. One can see that it is quite good, we are now able to estimate the actual value of the helio-
centric potential on the base of Lomnicky stit data as well.
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Figure 5. The influence of solar activity on the level Figure 6. The correlation of countings of two cos-
of exposure at 12 km above some cosmic ray mic ray monitors situated at the opposite
monitor stations sides of the Earth
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