
Servicio Médico

The implementation of 
cosmic radiation monitoring 
in airline routine at IBERIA 

Airline of Spain: ONE 
YEAR EXPERIENCE OF 
IN-FLIGHT permanent 

monitoring 

Braunschweig, January 29th. 2009



EURADOS Annual Meeting, Jan 26th.-30th.  2009

The implementation of cosmic radiation monitoring in airline 
routine at IBERIA Airline of Spain: ONE YEAR 

EXPERIENCE OF 
IN-FLIGHT permanent monitoring

IBERIA L.A.E. Medical Services, Madrid (SPAIN):
Ramón Domínguez-Mompell

CIEMAT Radiation Dosimetry, Madrid (SPAIN):
José Carlos Sáez



Art. 64: Tripulación de aviones

Reglamento sobre Protección
Sanitaria contra radiaciones ionizantes

Real Decreto 783/2001 (6 de julio de 
2001)

IONIZING RADIATIONS AND 
COMMERCIAL FLIGHTS

Art. 40: Protection of air crew

Each Member State shall make arrangements 
for undertakings operating air craft to take 
account of exposure to cosmic radiation of air 
crew who are liable to be subject to exposure 
to more than 1 mSv per year. The 
undertakings shall take appropriate 
measures , in particular:
• to take into account the assesses exposures 
when organising working schedules with a 
view to reducing the doses of highly exposed 
aircrew.
• to inform the workers concerned of the 
health risks their work involves.
• to apply Art. 10 (Special protection during 
pregnancy and lactancy ) to female air crew.

EURATOM  Basic Safety Standards
Council Directive 96/29 (1996)

We started
in  year 2000!!

JOINT AVIATION AUTHORITY

JAR-OPS 1.390
Assessment of Cosmic Radiation



Presenting the experience in Iberia 
Airline of Spain

• First: The experience during four years together with 
CIEMAT of Madrid (from 2000 to 2004) when we first 
monitored cosmic radiations in our fleet. How we did 
approach the task and what we found.

• Second: I will present to you first time to an scientific 
audience our experience of implementing a 
permanent and regular system of monitoring the 
cosmic radiation in our fleet. 



· To perform experimental measurements of the doses r eceived during 
commercial IBERIA flights. 

· To compare the experimental results with the values  predicted by the 
available codes for route dose calculations (CARI 6 , EPCARD  3.2).

· To design an adequate program for the dosimetry surv eillance of the 
affected workers. 

OBJECTIVES

IONIZING RADIATIONS AND 
COMMERCIAL FLIGHTS



• Low LET (or ionising) component 
- RSS131 Ion Chamber, Reuter Stokes (USA)
- Gamma tracer GM tube, Genitron (Germany)
- FH40G Proportional counter, Eberline (USA)
- Dosicard electronic pocket dosimeter, Eurisys
(France)

• High LET (or neutron) component
SWENDI2 cylindrical 3He counter + W moderator, 
Eberline (USA).
-SNM-500X Linus spherical 3He counter + Pb
moderator, MAB (Germany)

• Tissue Equivalent Proportional Counter TEPC
Based on the measurement of the linear energy 
deposited by the incoming radiation, it is the only 
instrument able to detect simultaneously Low and 
High LET components. (HAWK, Far West Tech., 
USA)

IONIZING RADIATIONS AND 
COMMERCIAL FLIGHTS

Experimental measurements of the doses received 
during commercial IBERIA flights: 

THE INSTRUMENTS 



High LET calibration facility at CERN 
(France/Switzerland)

CALIBRATION 



•CARI6 (USA), EPCARD 3.2 (European Union)

• Based on simulation of Galactic Cosmic Rays inciden ce 
and cascade production of secondary particles. EPCA RD 
also includes corrections from experimental data.

• Entry data: Flight profile (altitude levels and dur ation), 
Solar activity, Flight trajectory (great circle app roach). 
Intermediate way points are also possible in the ne w CARI 
6M (April 2001)

• Output data: Effective Dose (E). EPCARD also provid es 
results in terms of Ambient dose equivalent  H*(10)  and 
contributions from high and low LET components.

• Data bases: ICAO Airport codes, Solar activity (CLI MAX, 
Heliostatic potential), Results.

• Some preliminary calculations were already performe d by 
using other computer codes (FREE 1.0, PC-AIRE)
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E= 1.13 · TEPC (H*)

An excellent correlation was obtained between the instrumental 
measurement and the computer based calculation

* For 600 h. flight per year

Computer codes for route dose 
calculations

IONIZING RADIATIONS AND 
COMMERCIAL FLIGHTS



ONBOARD MEASURENTS 1/2

The RS131 instrument was placed in a 
closet near the forward galley

The trolley was placed in the 
forward galley, close to the cabin

Powered instruments were operated by internal batte ries.
Autonomy ranged from 6 hours to  2 years.

All instruments were checked and certified accordin g to FAA 
and JAR regulations for EMI 

A trolley was specifically modified 
to host adequately all the 

instruments



• Instruments could work unattended 
during the entire flight.

• Dose rate was recorded by each 
instrument every 5 minutes.

• Instruments were switched on before 
takeoff and switched off after landing: 
Route dose was defined from take off to 
landing instants.

• Route data were obtained both 
automatically by using GPS fitted to the 
TEPC and manually from the performed 
flight plan provided by the technical 
crew.

• After each flight, the data were 
transferred to a laptop where they were 
analysed and compared with the 
estimates from the CARI6 and EPCARD 
3.2 codes.

ONBOARD MEASURENTS 2/2



IBERIA  DESTINATIONS

-90

-60

-30

0

30

60

90

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180

Chile Air Force Miami Hub Canary Is.

Real routes are approximately marked over a map use d by the code FREE 1.0 for route dose 
calculation. The map was kindly provided by Dr. E. Felsberger (Technical University Graz, 
Austria)

• Most of  the studied routes were initiated at Madri d Airport. Other IBERIA 
platforms (Barcelona, Miami) were also used

• Short duration flights (< 75 min): Domestics and Po rtugal, 
• Mid-haul flights: Canary Islands, Europe, North Afr ica and Mid-East

• Long-haul flights: America (North, South), Africa ( Central, South)

• Central America: IBERIA hub in Miami
• Antarctica: in co-operation with Chile Air Force

• Co-operation (expected): Far East, Australasia



Comparison of radiation quantities (EPCARD) 
Effective Dose and Ambient Dose Equivalent

• An excellent correlation was 
obtained considering all 
flights.

• Slight influence of the 
geographic area.

• H*(10) underestimates 
Effective dose in all flights.

• Approach to estimate 
Effective dose E from H*(10):

E = H*(10) · 1.13

E/H*(10) from EPCARD 3.1
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Annual Effective Dose

• Computer codes results and 
experimental measurements 
agree within 15%.

• Mean value for annual 
Effective dose from a single 
flight was 1.4 mSv, ranging 
from 0.4 mSv to 2.7 mSv.

• Higher doses were observed 
when flying to Northern 
latitudes.

• Lower doses (<1.0 mSv) 
were observed in domestic 
flights due to the short 
duration and low flight levels.

Annual Effective Dose, mSv
(600 flying hours)
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Error bars show the range of variation 
mainly due to the differences in flight 

parameters (track, altitude)



Number of 
Flights

Flying time
hours

North America 12 104.33 10.16 (0.49) 2.37 (0.41)
(9.59 - 11.28) (1.78 - 3.23)

Europe 42 88.38 10.25 (0.76) 1.76 (0.36)
(8.53 - 11.89) (0.98 - 2.46)

Spain 34 27.87 8.83 (1.20) 0.69 (0.28)
(except Canary Is.) (5.18 - 11.28) (0.16 - 1.44)

Central America 17 57.10 10.59 (0.64) 1.69 (0.35)
(9.61 - 11.89) (1.14 - 2.43)

Canary Islands 11 28.10 10.17 (0.92) 1.17 (0.26)
(8.23 - 11.40) (0.65 - 1.55)

Africa 6 31.90 10.24 (0.49) 1.24 (0.25)
(9.45 - 10.71) (0.81 - 1.48)

South America 25 199.58 9.52 (1.50) 1.24 (0.43)
(7.03 - 11.29) (0.16 - 1.93)

All flights 147 537.27 9.84 (1.17) 1.44 (0.60)
(5.18 - 11.89) (0.16 - 3.23)

Mean Flight Altitude
km

Annual Effective Dose
mSv

Annual Effective Dose



Flight dose calculations

Computer codes
• CARI-6, Effective dose E
• EPCARD 3.2, Effective dose E and 
Ambient equivalent dose H*(10)

Experimental data
• TEPC, H*(10)
• Tandem RS131 + SWENDI2, H*(10)

Dose estimates E, H*(10)
• Route dose from take off to landing
• Mean dose rate during the flight
• Annual doses for 600 flying hours 
(from take off to landing) 

Dose rate graphs
• Low LET or Ionising; RS131
• High LET or Neutron: SWENDI2
• Total: RS131+SWENDI2

Departure date: 02/09/2001 
Aircraft model: A340

Flight duration (h): 10.25 hours
Mean altitude (km): 10.9 km

Route dose Mean dose rate Annual dose*
µSv µSv/h mSv

CARI-6, E 28.8 2.81 1.69
EPCARD 3.1, E 26.6 2.60 1.56

EPCARD 3.1, H*(10) 23.8 2.32 1.39
TEPC, H*(10) 29.1 2.84 1.70

RS131+SWENDI2, H*(10) 27.4 2.68 1.61
* Computed for 600 flying hours (from take-off to landing)

Madrid-Quito
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Central America:  E(CARI6) »»»» E(EPCARD 3.1)



Flight dose calculation

North America: E(CARI6) < E(EPCARD 3.2)

Departure date: 28/04/2001 
Aircraft model: B747

Flight duration (h): 7.17 hours
Mean altitude (km): 9.7 km

Route dose Mean dose rate Annual dose*
µSv µSv/h mSv

CARI-6, E 21.8 3.04 1.83
EPCARD 3.1, E 28.7 4.00 2.40

EPCARD 3.1, H*(10) 24.5 3.42 2.05
TEPC, H*(10) 18.8 2.63 1.58

RS131+SWENDI2, H*(10) 18.4 2.57 1.54
* Computed for 600 flying hours (from take-off to landing)

Madrid-New York City (JFK)
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Departure date: 13/03/2001 
Aircraft model: A340

Flight duration (h): 13.12 hours
Mean altitude (km): 11.0 km

Route dose Mean dose rate Annual dose*
µSv µSv/h mSv

CARI-6, E 34.4 2.62 1.57
EPCARD 3.1, E 29.2 2.22 1.33

EPCARD 3.1, H*(10) 26.5 2.02 1.21
TEPC, H*(10) 28.3 2.16 1.30

RS131+SWENDI2, H*(10) 30.2 2.30 1.38
* Computed for 600 flying hours (from take-off to landing)

Madrid-Santiago Chile
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South America:  E(CARI6) > E(EPCARD 3.2)



Influence of the real flight 
airtrack

Madrid-Chicago-Madrid (03/2002)
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Fecha de salida: 15/03/2002 
Modelo de avión: A340

Duración del vuelo (h): 6.98
Altitud media (km): 10.0

Dosis ruta Tasa de dosis Dosis anual*
µSv µSv/h mSv

CARI-6, E 25.3 3.62 2.17
EPCARD 3.1, E 30.3 4.33 2.60

EPCARD 3.1, H*(10) 26.0 3.72 2.23
TEPC, H*(10) 26.4 3.78 2.27

RS131+SWENDI2, H*(10) 22.7 3.25 1.95
* Considerando 600 horas anuales de vuelo efectivo (desde el despegue hasta el aterrizaje)

Fecha de salida: 14/03/2002 
Modelo de avión: A340

Duración del vuelo (h): 9.38
Altitud media (km): 9.9

Dosis ruta Tasa de dosis Dosis anual*
µSv µSv/h mSv

CARI-6, E 33.8 3.60 2.16
EPCARD 3.1, E 40.3 4.29 2.58

EPCARD 3.1, H*(10) 34.4 3.67 2.20
TEPC, H*(10) 37.7 4.01 2.41

RS131+SWENDI2, H*(10) 32.2 3.43 2.06
* Considerando 600 horas anuales de vuelo efectivo (desde el despegue hasta el aterrizaje)

The great circle hypothesis can yield to an error  up t o (10-20%)
In the dose calculated by the computer codes



• The higher annual effective dose from a single flight was below 3.5 mSv and therefore 
individual monitoring were not required.

• It was envisaged to implement at IBERIA a procedure for the estimate of annual 
effective dose based in computer codes (probably EPCARD 3.2 final version) and its 
validation with onboard experimental measurements.

• Co-operation with other airlines and expert groups was expected in order to complete, 
maintain and assure the quality of the air crew dosimetry records.

• With the exception of domestic flights (excluding Canary Islands), Annual effective 
doses overpass 1 mSv which obliges IBERIA to prepare a RP program for air obliges IBERIA to prepare a RP program for air 
crews.crews.

CONCLUSIONS
for IBERIA  Aircrew RP program

IONIZING RADIATIONS AND 
COMMERCIAL FLIGHTS
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VALIDATION OF  MEASUREMENTSVALIDATION OF  MEASUREMENTS: 
THE EPCARD; THE TEPC AND THE 

SPECTROMETERS

E/H*(10) from EPCARD 3.1
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•In December 2005,  Iberia Medical Department (IBMD) bought eight spectrometers 
(MDU) to the Solar-Terrestrial Influences Laboratory of the Bulgarian Academy of 
Sciences . The spectrometer main purpose is to monitor for not less than 60 days the 
doses, fluxes and spectra during aircraft flights. 

Bulgarian Academy of Sciences in Sophia

The Spectrometer Liulin-6Sp



The unit is managed by specially developed 
firmware. Retrieve data via a plug-in USB-link 

into a standard PC.



Iberia Engineering Department fixed the spectrometers 
on board eight airplanes A-340-300 after clearing all 
permissions required by Spanish CAA. Since September 
2007 the IBMD is retrieving data obtained by the 
spectrometers. The data are submitted to CIEMAT for 
their supervision and control.



Every two months IBMD retrieves the data from 
the spectrometer into a PC, and changes the 

batteries. 



Monitoring period: 58 days
Number of flights: 90
Number of dose rate data: 16391

Monitoring period: 5 days
Number of flights: 13
Number of dose rate data: 1589

Monitoring period: 2 days
Number of flights: 4
Number of dose rate data: 560

Monitoring period: 12 hours
Number of flights: 1
Number of dose rate data: 154
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RESULTS

- Predicted route Effective Dose from plan flight (EPCARD)
- Route Effective Dose from real trajectory (EPCARD)

- Measured Route Dose H*(10) (LIULIN)
- Estimated Effective Dose (LIULIN)

- Validation Ratio for Effective Dose (EPCARD/LIULIN)

Spectrum of Energy deposited in Si (per flight)
Dose rate profile (Low and High LET)



MDU-09
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Monitoring period 01/01/08 30/06/08
Number of flights
Datos  < 1 µSv 1 0.3%
Non data from EPCARD 7 1.9%
Non valid LIULIN data 0 0.0%
Coincidences of non valid data 0 0.0%
Valid route dose data 354 97.8%
EPCARD/LIULIN ratio 
Mean value
Standard deviation
Minimum value
Maximun value
Within 1.0 ± 0.3 332 93.8%
Within 1.0 ± 0.5 351 99.2%
Spanish criteria: 95% of ratios
EPCARD/LIULIN should be
within 1.0 ± 0.3
ICRP criteria: 95% of ratios
EPCARD/LIULIN should be
within 1.0 ± 0.5
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Results

� In the previous project we demonstrate  that the dose received by 
the Liulin has an acceptable correlation with that obtained from 
TEPC measurements and EPCARD calculations. 

� In 2008 IBMD has just started a “control the controller program”; 
that is, a TEPC is carried onboard the different planes containing an 
MDU to check its measurement at least once a year.

� Also in 2008 the 8 Liulin installed permanently in A -340 planes 
have provided data from more tha 5000 flights and mo re than 
200,000 data on dose rate.



Conclusions

� Iberia has implemented a permanent radiation monitoring 
program on board its A-340 fleet. 

� This program accomplishes with national and international 
laws and  with the use of spectrometers it does not imply 
any more a big cost in both specialised personnel and 
technical equipment.

� So far the data obtained by the spectromoeters compared with 
those obtained by the TEPC at same time, date and plane, are 
approximately equal. 

• Route dose from more than 5,000 flights have been obtained 
with Liulin devices. When compared with EPCARD prdicted
values from flight plans, more than 90% of the measured route 
dose data are within 1.0±0.3 and more than 99% are within 
1.0±0.5.



METHOD: FISH Fluorescence In Situ Hibridation

ANALYSIS OF STABLE CHROMOSOMAL 
ABERRATIONS (traslocations )

BIOLOGICAL MONITORING



Muchas gracias por vuestra atención

Thank you very much for your attention


