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HIGHLIGHTS

e We've performed measurements with the silicon detector onboard aircraft since 2001.
e We created online database of aircrew doses and energy deposition spectra.

o High number of records (>10°) provides good statistics of the results.

o The database is aimed on verification of routine calculations of aircrew doses.

o The database enables studies via dependencies of dose rates on flight parameters.
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Aircrew members are exposed to ionizing radiation due to their work onboard aircraft. ICRP recom-
mended the monitoring of their effective doses because they regularly exceed the limit of 1 mSv per year
for the public exposure. The effective doses are routinely calculated by computer codes that take into
account flight parameters like altitude, geographic position, and solar activity. This approach was
preferred against personal dosimeters method because the effective dose cannot be evaluated experi-
mentally. However, it is generally accepted, that these calculations should be periodically verified by
measurements of H*(10) which is frequently used as a surrogate for effective dose. This report refers
about the database (available online http://hroch.ujf.cas.cz/ ~aircraft/) of long-term measurements with
the silicon spectrometer Liulin onboard aircraft. The measurements have been performed since March
2001; so up to date, the database covers a period of 11-years (with a few interruptions) which is usually
the duration of the whole solar cycle. The database comprises more than 10° individual records of energy
deposition spectra, absorbed dose rates, and ambient dose equivalent rates. Each record contains also the
information on all flight parameters needed for calculation of dosimetric quantities by the computer
codes, and thus the database represent an useful tool for verification of the routine dosimetry of aircraft
crews.
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1. Introduction

The International Commission on Radiological Protection has
recommended (ICRP, 1991) that the radiation exposure due to the
cosmic radiation onboard aircraft should be taken into account as a
part of an occupational exposure. This recommendation was
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incorporated into the legislation of many countries, and thus all
airlines operating at these countries are obliged to monitor annual
effective doses of their pilots and flight attendants. This duty is
fulfilled via calculations by computer codes; however, they should
be periodically verified by measurements not only because of the
recommendation given by (ICRP, 1997) but also because of explo-
ration of systematical errors in the routine method of aircrew
dosimetry. Many measurements have been performed at flight
altitudes (Lindborg et al., 2004) but long-term measurements
covering the whole solar cycle were missing. Here, we are
presenting unique, publically available database of such long-term
measurements performed onboard aircraft with the semiconductor
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spectrometer Liulin. The detector has been placed in the cabin of
Czech Airlines aircraft since March 2001. The database, which
comprises several thousand flights and more than 10° individual
records with information on the energy deposition spectra, absor-
bed dose rates and ambient dose equivalent rates measured with
the Liulin, is available on the internet (http://hroch.ujf.cas.cz/
~aircraft/). It can be applied for instance for the verification of
computational programs routinely used for the estimation of
aircrew exposure to cosmic radiation. For example, the routine
aircrew dosimetry in the Czech Republic (Malusek et al., 2011) is
performed with the CARI-6 code (Friedberg et al., 1992). Therefore,
most of results in this paper are presented via the measured
ambient dose equivalent H*(10) related to the effective dose E
calculated with the CARI-6.

As mentioned above, the effective dose is used for the purposes
of dose limitation and control; it can be calculated by the computer
codes but cannot be measured experimentally. Therefore, H*(10) is
usually measured in experiments and, for the radiation fields in the
aircraft, it is a conservative estimate of the effective dose E (ICRU,
2010). More about the relation of these two quantities is
described in Lindborg et al. (2004 ). New radiation weighting factors
for protons and neutrons introduced in ICRP 103 recommendation
(ICRP, 2007) are not considered in the CARI 6 code. According to
Mares et al. (2009) and the EXcel-based Program for calculating
Atmospheric Cosmic-ray Spectrum (EXPACS) (Sato and Niita, 2006),
the effective doses at flight altitudes calculated using the ICRP 103
weighting factors are between 19% and 25% (depending mainly on
altitude and VCR) lower than those calculated using ICRP 60
weighting factors. CARI 6 also does not consider shielding by the
structure of the aircraft; the E is calculated in free atmosphere. The
real doses inside the plane can be lower (depending on the type of
aircraft, position inside, amount of fuel, number of passengers etc.
(Ferrari et al., 2004). Therefore the measurements with the detector
onboard aircraft are important also due to the effect caused by the
construction materials of aircraft.

However, the aim of this paper is to present the database of
measurements with silicon detector Liulin. The discussion on
problems with comparison of calculated and measured data is
behind the scope of this paper.

2. Liulin

The active detector Liulin measures mixed radiation fields, such
as those onboard spacecraft (Dachev et al., 2011b), aircraft (Spurny
and Dachev, 2002; Ploc et al., 2011), at alpine observatories and at
heavy ion accelerators (Dachev et al., 2011a). In a radiation field, the
Liulin spectrometer detects the energy, ¢, deposited in its active
volume (silicon diode) in a single energy deposition event. The built
in electronics records the spectrum of ¢ by incrementing by one the
content of the bin corresponding to this energy. The 256 channel
spectrum is then used to calculate the absorbed dose to silicon and
the flux of particles that imparted a detectable amount of energy to
the active volume of the detector. Energy deposition calibration and
absorbed dose calculation is described in Uchihori et al. (2002).
After an appropriate calibration, Liulin also gives an estimation of
the ambient dose equivalent H*(10).

The procedure of H*(10) evaluation for radiation field onboard
aircrafts with Liulin is performed in several steps, as follows. First,
the energy deposition spectra are transformed to the absorbed dose
in silicon, Ds;, using the following equation
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where m = 1.398 10~ kg is the mass of the active volume of the
detector, ¢; is the deposited energy in the centre of the imparted
energy bin i, and Nj is the number of events corresponding to bin i.

The absorbed dose is then divided into two parts, Digw and Dpeyt
defined as

Diow = Z Nie; (2)
e<1 MeV

and

Dneut = Z Nie;, (3)
e>1 MeV

supposing that detector’s signal bellow and above 1 MeV is caused
by low LET particles (electrons — including those from photon in-
teractions, positrons, muons, and high energy protons and alphas)
and neutrons or neutron-like particles (low energy protons and
alphas), respectively. Finally, H*(10) is calculated as

H*(10) = kiowDiow + kneutDneut (4)

where kjow and kpeyt are calibration coefficients obtained in the
CERN-EU high energy Reference Field (CERF) facility. CERF provides
a reference on-ground base for testing, intercomparing and cali-
brating passive and active instruments before their use on-board
aircraft (Mitaroff and Silari, 2002). The coefficient kjo\ was evalu-
ated as ratio of the low-LET-component (<10 keV/um) of the
ambient dose equivalent measured in CERF with the tissue-
equivalent proportional counter (TEPC) HAWK (Lillhdk et al.,
2007) and Djow. The coefficient kneyr Was evaluated as ratio of the
CERF's neutron reference value of the ambient dose equivalent
calculated with Geant4 (Mitaroff and Silari, 2002) and Dpeyt. More
information about the calibration method of Liulin in terms of
H*(10) and its use onboard aircraft can be found, for example, in
Ploc et al. (2011). The total uncertainties of H*(10) evaluated with
Liulin onboard aircraft is estimated as 15% according to Lindborg
et al. (2004).

3. The database

Liulin has been used for long-term cosmic radiation measure-
ments onboard the Czech Airlines aircraft since March 2001
(Spurny et al., 2007; Ploc and Spurny, 2007; Malusek et al., 2011).
The detector has been mounted inside the aircraft close to and
inside the aircraft cockpit, oriented with the largest area (2 cm?) of
the PIN diode up to the sky. After a certain period of time (run), the
datarecorded in the Liulin memory were downloaded and batteries
were changed.

During the monitored period (2001—2011), both — the Liulin
type and the aircraft type were changed: MDU-5 (run 1-21), MDU-
6 (runs 22—31), Airbus A310-300 (runs 1—26), and Airbus A319-112
(runs 27—31). Because both Liulin units were calibrated in the same
radiation field (CERF) they give the same results within +5%. The
effect of different aircraft type can also be a few percent (ICRU,
2010; Battistoni et al., 2005); since the detector was placed at the
pilot location (wall between corridor and cockpit in the case of
A310 and cockpit in the case of A319) and the detector’s side with
Si-diode was always facing towards the sky, we suppose that the
change of the aircraft had only a minor effect to the resulted data.
The run duration was 48 days and 69 days on average for MDU-5
and MDU-6, respectively.

Many routes from Europe to North- and South America have
been measured as well as inner European routes and some routes to
the east. From 2001 to 2009, the most frequent were transatlantic
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