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P-MBU6: Radiation Exposure on Different Air Routes
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Radiation exposure of aircrew personnel has obtained special emphasis by a European Coun-
cil decision to consider the increased radiation level at high altitudes in the Earth’s atmo-
sphere as occupational exposure. The radiation field at typical jet cruising altitudes arises
from cascade-like interaction processes of primary cosmic rays with the top layers of the at-
mosphere and is composed of various charged and uncharged particles in a broad energy
range. The metrological assessment of all constituents with reasonable detection efficiency
commonly requires a large set of experimental devices. Lithium fluoride thermoluminescent
dosemeters (TLDs) evaluated according to the high-temperature ratio (HTR) method repre-
sent an appropriate alternative. The methodology was developed at the Atomic Institute of
the Austrian Universities to determine absorbed dose and average LET of a mixed radiation
field of unknown composition. The relative intensity of combined peaks 6 and 7 in the LiF
glow curve compared with the main peak 5 are used as an indication of the average LET.
Extensive irradiation campaigns with high-energy ions of different Z ranging from H to Fe
established a HTR vs. LET calibration curve. The HTR method has previously been applied
with great success on several space missions (including measurements onboard space station
Mir, space shuttles, bio-satellites and the International Space Station) as well as in radiother-
apeutic dosimetry. Within this paper measurements on several north-bound and equatorial
flight routes originating from Vienna, Austria, and Cologne, Germany, are reviewed. The
obtained route dose rates range from 2.1 µSv/h to 6.7 µSv/h and are compared with Monte
Carlo simulations by means of the well-established algorithm CARI-6M, taking into account
accurate route and altitude profiles on a 10-minutes scale. Contrary to previous releases of
the program, the CARI-6M calculations proved to be in general agreement with the exper-
imental data, although the values for north-bound routes are still underestimated by up to
15 % as neutrons contribute roughly 60 % of the dose equivalent. However, the most impor-
tant insufficiency common to all simulations concerns the treatment of irregularly occurring
solar flares.
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For purposes of routine radiation protection, it is desirable to characterize the potential ir-
radiation of individuals in terms of a single dose equivalent quantity that would exist in a
phantom approximating the human body. The phantom of choice is the ICRU sphere made of
30 cm diameter tissue-equivalent plastic with a density of 1 g.cm-3 and a mass composition
of 76.2% O, 11.1% C, 10.1% H and 2.6% N. Ambient dose equivalent, H*(d), was defined in
ICRU report 51 as the dose equivalent that would be produced by an expanded and aligned
radiation field at a depth d in the ICRU sphere. The recommended reference depths are 10
mm for strongly penetrating radiation and 0.07 mm for weakly penetrating radiation, respec-
tively. As an operational quantity in radiation protection, H*(d) shall serve as a conservative
and directly measurable estimate of protection quantities, e.g. effective dose E, which in turn
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are intended to give an indication of the risk associated with radiation exposure. The situa-
tion attains increased complexity in radiation environments being composed of a variety of
charged and uncharged particles in a broad energetic spectrum. Radiation fields of similarly
complex nature are, for example, encountered onboard aircraft and in space. Dose equivalent
was assessed as a function of depth in quasi tissue-equivalent spheres by means of thermolu-
minescent dosemeters evaluated according to the high-temperature ratio (HTR) method. The
presented experiments were performed both onboard aircraft and the Russian space station
Mir. As a result of interaction processes within the phantom body, the incident primary spec-
trum may be significantly modified with increasing depth. For the radiation field at aviation
altitudes we found the maximum of dose equivalent in a depth of 60 mm which conflicts with
the 10 mm value recommended by ICRU. Contrary, for the space radiation environment the
maximum dose equivalent was found at the surface of the sphere. This suggests that skin
dose equivalent may well be used as a conservative estimate for the whole body effective
dose. The intention of ICRU in introducing H*(d) was that this quantity should (i) be suitable
for metrology, and (ii) be unified, i.e. the same for all radiation fields. As was demonstrated
by our experiments, this demand can only be satisfied for radiation fields encountered in ter-
restrial standard dosimetry, but it will certainly fail for complexly mixed fields. It therefore
has to be discussed to substitute the philosophy of ambient dose equivalent by a new concept
that could be based on microdosimetric principles, offering the unique potential of a more
direct correlation with radiobiological parameters.
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At high altitudes in the Earth’s atmosphere cosmic-ray induced neutrons become the domi-
nant contributors to the biologically relevant dose equivalent. Depending on the geomagnetic
latitude and the solar activity cycle, neutron dose onboard aircraft amounts, for example, to
roughly 50 to 70% of the overall dose equivalent. Neutron detection in complexly mixed
radiation environments by means of active, i.e. power-consuming, detectors is commonly
aggravated by the fact that a variety of charged particles present in the field cannot be dis-
criminated and therefore biases the measurement. Passive thermoluminescent dosemeters
(TLDs) are proposed as a convenient alternative. They are easy-to-handle in practical use,
contain no flammable gases and emit no electromagnetic radiation that could interfere with
sensitive electronics. The simultaneous application of specific detector types is known in
neutron dosimetry as the pair method. Neutron-sensitive TLD-600 (6LiF) is combined with
TLD-700 (7LiF) which is almost insensitive to neutrons. The sensitivity for all other radiations
is identical for both types, so that a simple subtraction of the measured detector signals leads
to the thermal neutron dose. As the neutron cross sections of 6Li and 7Li differ significantly
only below 200 keV, the pair method in its conventional form assesses the dose only from
neutrons in this energy region. The method can be extended for utilization at high altitudes,
such as onboard aircraft, if the calibration of the TLDs is performed in a reference field which
simulates in close proximity the atmospheric neutron environment. For our purposes we used
the CERN-EU High-Energy Reference Field (CERF) for which the relative contribution of neu-
trons with energies below 200 keV to the entire fluence is practically the same as for the
cosmic-ray induced neutron spectrum. Measurements with Bonner sphere spectrometers at
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