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The assessment of the Aircrew exposure
L. Tommasino

The recommendations of the International Commission on Radiological Protection,
1CRP` issued in 1991 first included exposure of aircraft crew to cosmic radiation as
occupational exposure.
In addition to these recommendations, a significant increase in air travel and a trend
towards higher cruising altitudes for commercial aircraft throughout the world has
occurred in the past decade.
In 1992, because of these problems, the European Dosimetry Group (EURADOS)
established a Working Group to consider the exposure to cosmic radiation of air
crew, and the scientific and technical problems associated with radiation protection
dosimetry for this occupational group. The working group was composed of fifteen
scientists (plus a correspondence member) involved in this field of study and with
knowledge of radiation measurement at aviation altitudes. As outcome of the
activities of the Working Group, a report has been published by the title Exposure of
Air Crew to Cosmic Radiation -Radiation Protection 85, the content of which was
described in the Vienna meeting.

Radiation Protection 85
The first section of this report assesses the existing data on radiation exposure,
describes the radiation environment experienced at civil aviation altitudes, and
summarizes the computational approaches that have been developed to model the
cosmic ray radiation field in the atmosphere. A relatively good agreement has been
found among the different data from several laboratories. The agreement of these
data with theoretical estimates is less satisfactory. Unfortunately the data are not
sufficient to give accurate information on the solar cycle influence on the exposure
level. Some of the most important recommendations have pointed out the need to
carry out experimental studies to be prolonged at least up to the present solar
maximum.
From the entire set of data gathered in this section it has been possible to conclude
that the exposure of civil air crew will be most unlikely to exceed the dose limits
recommended for occupationally exposed workers by the ICRP. However it is clear
that aircrew flying above 8 km will experience annual doses which are greater than
the limit for members of the general public.
The second section of the report describes the dose quantities which are used in the
assessment of radiation dose and the relationship between the procedures which are
used in the determination of the various quantities. It is clear from the nature of the
radiation fields and from the particular circumstances associated with the working
environment for air crew that conventional radiation protection dosimetry is not
applicable in the same terms as in the more usual fields encountered in occupational
radiation exposure on the ground and that certain simplifications in approach must be



made. The strategies available for monitoring the doses of air crew in different
categories are considered.
The Group was of the opinion that there are some areas relating to the assessment of
the radiation exposure of air crew in which several uncertainties remain, such as the
spectrometry of low- and high-energy neutrons, the charge and the energy of heavy
charged particles, the effect of the solar cycle, the correct evaluation of the dose, etc.
To tackle these problems, the European Community funded different multinational
research projects, one of which, still under way, has the major objective to study the
dependence of the aircrew exposure on the solar activity which, at present, is going
through its maximum.
At the Vienna meeting, the final report related to the (1996-1999) CEC multinational
research contract was illustrated, a copy of which was also provided.

Final CEC Contract Report
The main aim of this European Commission Multinational Research Contract was to
bring together scientists with relevant expertise in several research disciplines to
investigate the problem of cosmic rays and dosimetry at aviation altitudes, with the
major goal in mind to remove the uncertainties listed above in the EURADOS
Report. The major objective of this research project was to measure the flux and
energy spectra of neutrons and charged particles over a wide energy interval at
aviation and mountain altitudes and to compare results with those calculated using
various transport codes. The determination of the response characteristics and the
investigation of calibration procedures for active and passive detectors was to be
undertaken and methods for the confirmation, by measurements, of calculated route
doses were to be established.
Within this multinational research project much progress was made in different areas
of research, namely the determination of the fundamental physical characteristics of
the cosmic radiation field at aircraft altitudes; the characterization and development
of instrumentation; the measurements of dose rates and routes doses and the
development of procedures for this purpose; and the application to routine radiation
protection.
Measurements and calculations were made of the particle fluence rates, and energy or
LET distributions for components of the cosmic radiation field at aircraft altitudes
plus determinations of ambient dose equivalent for the whole field and for its high
and low LET, or neutron and non-neutron components. These were supplemented
and supported by measurements and calculations on mountains at several thousand
meters and near to sea level. There was generally good agreement between results
from different methods and/or contractors, and with results for other non-contractor
laboratories. The form of the neutron fluence energy distribution and its possible
dependence on altitude or latitude was of particular interest. Apart from the more
significant contribution of the thermal neutron component for mountain top and sea
level fluence distributions, the determinations has shown little dependence on
altitude or latitude, with good agreement of the distribution determined in this project
with those in other studies.
Surveys of aircrew exposure have been carried out with different advanced
dosimetric systems, which have been characterized or even developed ad hoc for the
accurate evaluation of the aircrew exposure.



The key strategy of these surveys was to obtain on-board comparison of
measurements for both passive and real-time detectors flown together with
passengers. In particular, this was possible thanks to the Alitalia collaboration, which
provided special support and arrangements for deployment of detectors for
comprehensive in-flight measurements.
This exposure facility has been made available for a time sufficiently long to
compare the response of active and passive instruments. These surveys were carried
out in the period of solar minimum (1995-1997), in which the exposure to galactic
cosmic rays reaches its maximum value.
This circumstance has been used to good advantage to obtain comprehensive
investigations of the galactic cosmic radiation with little or no disturbance by the
solar activity modulation.
Great efforts have been made to obtain a very satisfactory coverage of flight routes
between 120 South and ±70' North geomagnetic latitude.

Comparison between the Old Data and those Obtained in the Recent
Surveys
As mentioned earlier, the new surveys, carried out under the 1996-1999 CEC
contract, have been obtained in a period of solar minimum (1995-97). During this
period, dose rates due to galactic cosmic radiations reach their maximum values. Fig.
1 compares the total dose rates obtained in the period (1 995-97) with those gathered
in the past respectively in the period 1974-76 (solar minimum) and 1991 (solar
maximum). The data referring to the period prior to 1995 and the way of plotting
them have been derived from the EURADOS report illustrated above. To facilitate
the comparison among the measured values obtained in different periods under the
same solar phase, the total dose rates of the period 9 5-97 have been expressed in
terms of the maximum dose equivalent, MADE, which is the same quantity used in
the period 74-76.
From this large variety of data, the following conclusions can be drawn:
-measured dose rates increase with flight altitude for all latitudes but more rapidly at
high latitudes;
-total dose equivalent rates correlate with the variation in cosmic radiation intensity
due to the solar cycle of about 1 1 years, being about 40% higher in the period of solar
minimum (74-76) than in that of solar maximum (1 99 1);
-data gathered more than 20 years at the same phase of the solar cycle (solar
minimum) agree within 20%;
The overall agreement among all the data is better than that reported above, since the
discrepancies are in part due to the different dosimetric systems used.
All the measurements described in this paper refer to galactic cosmic radiation,
characterized by easily predictable field intensity and relative dose rates.
At subsonic aviation altitudes, solar activity modulation may just contribute to lower
this exposure estimate by some tens of percentage, a reduction which may even be
concealed by the instrument measurement error.
For this reason, the conservative evaluation of the dose on the basis of the
experimental data presented above, may be a suitable procedure from the
radioprotection point of view.
No data exist on solar flares, which are rare events and unpredictable in terms of
energy spectrum, intensity, duration, etc. With the ongoing multinational research
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contract funded by the European Union it is hoped to gather sufficient data during the
present phase of the maximum solar activity.


