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Abstract 
 Our both institutions have started since 2000 year common studies in the field of 
environmental radiation background and its variation with the locality considered. First we have 
decided to compare the measuring methods used. They were compared on the territory of the Institute 
of Nuclear Research and Nuclear Energy of the Bulgarian Academy of Sciences (INRNE BAS), 
particularly in the surroundings of IRT 2000 research reactor. Further, they were compared also at the 
monitoring station on the territory of INRNE BAS. Finally, the studies were enlarged to the Moussala 
Observatory of the Institute at Rila Mountains. Some complementary studies were also realized at the 
Lomnický Štít Observatory of the Institute of Experimental Physics of the Slovak Academy of 
Sciences. 
 Results obtained are presented, analyzed and discussed.  
__________________________  
*) Studies supported through the Program of the basic research No. K4055109 

 

INTRODUCTION 

 Studies of the environmental radiation background are important from several points of view. 

First, they permit to estimate the exposure of humans to natural radiation background as a function of 

different geographical and geophysical parameters. Second, such studies can give also relevant 

information concerning the consequences of human activities on the presence of ionizing radiation and 

its sources in the environment. 

 This work presents the results of studies of the external environmental radiation exposure at 

some Bulgarian localities, particularly at the territory of INRNE BAS at Sofia, and, also, at the 

Observatory of the same institute at the Moussala peak (altitude 2925 m) at the Rila Mountains. The 

studies were realized in the frame of bilateral collaboration between Academy of Sciences of the 

Czech Republic and Bulgaria. 
 

MATERIALS AND METHODS 

Measuring equipments and methods 

 Several active measuring instruments were used to characterize external environmental 

radiation exposure: 
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1. Environmental radiation dose rate meter NB 3201 developed in the Czech Republic several years 

ago [1]. Its sensitive element is a plastic scintillator with small NaI-Tl crystal used to compensate 

the energy dependence to low energy photons. The equipment is able to measure the 

environmental radiation background with low linear energy transfer (LET) at the dose rates 

between 10 nSv and several mSv per hour. 

2. MDU-Liulin semiconductor spectrometer with Si-diode as the sensitive element [2-5]. 

The Mobile Dosimetry Unit (MDU) main purpose is to monitor simultaneously the doses and 

numbers of energy deposition events in a semiconductor detector. The amplitude of the pulses is 

proportional by a factor of 240 mV/MeV to the energy loss in the detector. Final adjustment of the 

energy scale is made through the 60 keV photons of 241Am. The amplitudes are digitized and 

organized in a 256-channel spectrum. 

The dose D [Gy] in Si is calculated from the spectrum as: 

D = K.*Σ(Ei*Ai)/MD,       (1) 

      where MD is the detector mass in [kg];  Ei is the energy loss [MeV] in the channel i; and     

                Ai is the number of events in it; and K is a coefficient. 

 Si-diode is situated at the head of a MDU unit. It has dimensions 1 x 2 cm2, the thickness 0.3 

mm. It is covered by 0.4 mm of Al and also about 0.3 mm of epoxy is behind it. The equipment is able 

to measure the radiation at the dose rates from 10 nSv to few mSv/h. 

3. Thermoluminescent detectors (TLD) CaSO4:Dy 

The procedure of their preparation was developed in one of our laboratories [6], based on the 

original recommendations by Yamashita et al. [7]. Powder of this TLD material was filled to an Al 

dose as described in our previous studies. 

4.  Track etch detectors in contact with B-radiators in the centre of a spheric polyethylene moderator 

of the diameter of 25.4 cm [8]. 

NB 3201 scintillator and TLD’s used were calibrated in the reference beam of 60Co radiation of 

the NPI AS CR in terms of kerma in air, the signal read for photons was transformed to H*(10). As far 

as the MDU-Liulin is concerned, they were exposed in photon and neutron reference radiation fields. 

The spectra of deposited energy for 137Cs and 60Co photons, as well as in the case of natural radiation 

background, and/or for the calculated energy deposition spectra due to 200 keV photons showed that 

the impulsions with energy deposited due to photons and the radiation with low linear energy transfer 

(LET) in general are practically absent in the region above 1 MeV. Different was the situation in the 

case of neutron irradiation and in CERN high-energy reference field (fast and high-energy neutrons). 

The energy deposited was going to much higher energies than in the case of photons, up to the 

maximum energy registrable, 21 MeV. In CERN, we observed that the event spectra above deposited 

energy 1 MeV do not depend on the field intensity, in this region there is also only small difference of 

the energy deposition spectra behind concrete and iron shields. We decided therefore to take as a 

measure of neutron response of a MDU unit the energy deposited in Si with the impulsion’s   height 
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above 1 MeV. To interpret the data in H*(10), CERN reference values for neutron component were 

considered as well as the results of direct comparison of data measured by MDU and TEPC during 

several common flights. 

 

Measuring localities 

 The external environmental radiation exposure was studied basically in two localities, the 

territory of the INRNE BAS at Sofia and at the Moussala Observatory of the same institute at Rila 

Mountains. 

INRNE BAS territory is situated at the South-East of Sofia city at the altitude about 580 m above see 

level. At the time being, no intense radiation source is operating on the territory of INRNE, up to the 

end of 80’s it was an IRT 2000 reactor operating there, and, also, a neutron generator based on the 

TLD nuclear reaction. It is supposed that some radioactive wastes could be distributed in the soil of 

the territory, particularly around the reactor building. Besides, some activities are now on the way to 

be undertaking to re-activate reactor. For these reasons the main locations in which the measurements 

were performed: outside of the building of the Division of Cosmic Ray Physics (DCRP) and on its 

terrace where radiation monitor is permanently measuring, and at two points around the reactor IRT 

2000 building. 

Basic Ecological Observatory (BEO) Moussala [9] is situated at the highest in South-East peak 

Moussala of Rila Mountains.  The characteristics of the site are: altitude 2925 m, geographic 

coordinates 25°35’ E and 42°11’ N; mean annual temperature -3.1 °C (from -31 °C up to +18.7 °C); 

precipitation 1300 mm. At the BEO Moussala the measurements were performed both at the ground 

and 1st floor, on the terrace and at the triangle on free air, about 50 m from the Observatory building. 

 

 

RESULTS AND DISCUSSION 

Measuring campaigns 

 Totally, four campaigns of measurements with active instruments of NPI AS CR were realised 

since November 2000 up to April 2004. Some variations were observed during all this period in the 

exposure level on the INRNE territory, the results given further represent the mean value at each point 

and/or their dispersions. TLD’s have been regularly used during all period to measure the exposure 

level, in the free air, at 1 m above the ground. 

Territory of the INRNE BAS, Sofia 

 Main localities at which measurements were performed and regularly repeated during all 

period mentioned above were: in front of the building of the Division of Cosmic Rays (DCRP – 4 

points); at the terrace of the DCR (DCRP-TS); in the front (roughly 10 m) of reactor building (point 

1); and at the back (roughly 30 m) of the reactor building (point 2). 
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When using the NB 3201 scintillator equipment it was observed that: 

• The reading does not depend on the orientation of the scintillation head vis-à-vis of the ground. 

• At the same position, the reading on the ground was in average (9±6) % higher than at the height 

of 1 m above. 

• The values of exposure level in one of points in front of the DCR building were two times 

higher than for other points, it depended critically on the orientation. We do not know exactly 

the reason for that, a contamination of the ground cannot be excluded. Further, only mean values 

for other three points are presented. 

The mean values of H*(10) rates measured at the territory of INRNE BAS are for all detectors 

used presented in Table 1. 

Table 1. Mean values of H*(10) rates measured at the territory of the INRNE with different 
equipments and dosimeters during 2001-2004 years at 1 m above ground (floor). 

 
Measuring point H*(10), nSv/h, as measured by 

 NB 3201 MDU-Liulin* TLD   

DCRP – in front of 106 - - 

DCRP – terrace 102 103 78-141 

Reactor – 1 110 134 130-154 

Reactor - 2 100 104 124 

* Mean value for two MDU units 

One can see there a reasonable agreement of values measured with active instruments. The dispersion 

of values established during longer period with TLD’s is more important, particular high values were 

found during the summer of 2004. Exact reason for that is not known yet. 

BEO Moussala 

Component with low linear energy transfer (LET) 

The results of measurements performed inside and outside of the building of BEO Moussala 

are presented in the Table 2, only values corresponding to the radiation component with low LET 

(photons, high energy electrons and protons, mesons) are given. 

Table 2. Mean values of H*(10) rates measured inside and outside of the building of BEO Moussala. 
 
Measuring point H*(10), nSv/h, as measured by 

 NB 3201 MDU TLD 

Ground level of building 240 - - 

First floor of building 138 130*) - 

Outside of building 176 - 165-183 

Terrace of building 138 140*) - 
*) Corresponding only to low LET radiation – see further 

 4



 

One can see there that the results obtained agree reasonably well. The values measured at the first 

floor can be also compared with the data of permanent low LET radiation monitor of INRNE BAS 

installed there [9, 10]. The average value measured with Harwell monitor type 3208-1 as well as with 

SBN-90 Gamma background detectors for the 2002 year was about 110 nSv/h with the minimum and 

maximum values 87.5 and 128.1 mSv/h. Also these values agree with our results, within the limit of 

uncertainties. 

Neutron component of cosmic radiation at BEO Moussala 

 At the altitude above sea of INRNE territory the contribution of cosmic neutrons to the 

exposure level is rather low. According to the last UNSCEAR Report it would be about 100 µSv per 

year [11]. At the altitude of BEO Moussala, however, this contribution would be according the same 

publication about 700 µSv per year. Such value could be already measurable with the equipment of the 

type of MDU-Liulin spectrometer. We proved that onboard aircraft we are able to measure the 

contribution of neutron component from about 2 µSv [2-5]. Actually, we have observed an important 

difference in the spectra of energy deposition events at the roof of DCRP building and at the Moussala 

(see Figure 1). At the roof, there are no events above about 0.6 MeV as usually for only low LET 

radiation [4], the total acquisition time was there 20 hours. At the BEO Moussala (acquisition time 14 

hours) the energy deposition spectrum is different, with non-negligible contribution of events above 1 

MeV. For the comparison the energy deposition spectra measured onboard aircraft during the flight 

from Dublin to Prague (December 2003) are presented in the Figure 1 as well. One can see that the 

spectra measured at BEO Moussala and that measured onboard aircraft are very similar, it corresponds 

well to known fact that the cosmic ray neutron spectrum does not depend neither on the altitude below 

20 km nor the geographical position [12, 13]. 

As far as the integral value of cosmic ray neutron contribution is concerned, it could be calculated 

from MDU-Liulin data, supposing that the correction factors used to pass from D(Si) to H*(10) are the 

same as for the neutron component of the onboard aircraft radiation field. The results obtained are in 

Table 3 compared with other available data. One can see there that, taking into account the 

uncertainties, all values are in quite reasonable agreement. Further and longer studies would help to 

improve statistical uncertainties considerably. To obtain some additional data, MDU-Liulin units were 

exposed also at the Observatory of the Institute of Experimental Physics of the Slovak Academy of 

Sciences at Lomnický Štít (High Tatras). The results obtained are presented in the Table 4. One can 

see there that with better statistics the results obtained with MDU-Liulin equipment agree with 

UNSCEAR estimation rather well. 
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Figure 1: The spectra of energy deposition in Si-diode of the MDU-Liulin measured at 
               INRNE, at BeO Moussala and during the flight Prague-Dublin, December 2003 
 
Table 3. Cosmic ray neutron contribution to external exposure on the terrace of BEO Moussala.  

Method Annual value Annual value 

Harwell 3208-1 [10] (190 - 390) µSv1) (380 – 780) µSv 

Sphere with 10B [13] (254 ± 26) µSv2) (508 ± 52) µSv 

MDU-Liulin (180 ± 72) nGy3) (1080 ± 380) µSv 

UNSCEAR 2000 [11] - ∼ 680 µSv 
1) Period 09/02 ÷ 05/03;      2) Period 11/00 ÷ 02/04;    3) November 2000 

Table 4: Cosmic ray neutron contribution to external exposure as estimated at the Moussala and 
Lomnický Štít high-mountain stations by means of MDU-Liulin equipment 

 
  Annual values measured at  

Estimated from Moussala1)  Lomnický Štít1)  

 D(Si),  µGy H*(10), µSv D(Si),  µGy H*(10), µSv 

MDU-Fr 180 ± 72 1080 ± 380 - - 

MDU-CZ01 - - 135±6 820±36 

MDU-CZ02 - - 113±7 757±45 

UNSCEAR 2000 [11] - 680 - 670 
1) Measuring times 14 hours at Moussala, 95 hours at Lomnický Štít 

As far as the event spectra are concerned they are very similar for both MDU units used and, also, very 

similar to those registered onboard an aircraft during the flight Paris – Buenos Aires, 26.3.2004 (see 

Fig. 2).  
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Figure 2. The spectra of energy deposition in Si-diode of the two MDU-Liulin units exposed     
                    at Lomnický štít and during the flight Paris-Buenos Aires, March 2004 
 

The data obtained with MDU-Liulin could be also analysed from the point of view the time necessary 

to get a reliable estimation of cosmic neutron contribution to the external exposure (see Table 5).  
Table 5. Time necessary to estimate cosmic neutron contribution to the external exposure equal to 1 

µSv with the relative statistical uncertainty (1 s) better than ± 10%. 
 
Radiation field Time necessary 

Onboard aircraft, 50 °N, altitude 10.7 km (35000 feet) 20 hours 

BEO Moussala; altitude 2.92 km, 42 °N 64 hours 

INRNE BAS; altitude 0.5 km, 43 °N 25 days 

50 °N, sea level 35 days 

  

One can see from the Table 5 that the use of MDU-Liulin for the cosmic ray neutrons to the external 

exposure would not be excluded even at much lower altitudes than that of BEO Moussala. 

 

CONCLUSIONS 

Results of our studies can be summarised as follows: 

• Reasonable agreement of results obtained with different passive and active methods used to 

estimate the level of external exposure to natural radiation background is observed. 

• The level of this background is on the territory of the INRNE BAS higher than world average; 

naturally it is still higher on both high mountain observatories considered. 

• MDU Si-diode spectrometer unable to determine the contribution of cosmic neutrons to natural 

exposure not only onboard aircraft but also on the Earth’s surface. 

 7



 

REFERENCES 
1. Vieverbl, L., Nováková, O. and Jursová, L.: “Combination Scintillation Detector for Gamma Dose 

Rate Measurements”. Radiat. Prot. Dosim. 20 (1990) 272-276. 
2. Dachev, Ts, Spurný, F. et al.: “Calibration Results Obtained with Liulin-4 Type Dosemeter”. Adv. 

Space Research 30 (2002) 917-925. 
3. Spurný, F. and Dachev, Ts.: “Aircrew inboard Dosimetry with a Semiconductor Spectrometer”. 

Radiat. Prot. Dosim. 100 (2002) 525-528. 
4. Spurný, F., Gschwindt, R., Makovička, L. and Dachev, Ts.: „Response  of a Semiconductor 

Spectrometer to Photons Comparison of Experiment with MC Calculation”. Nuclear Energy 
Safety 11(49) (2003) 396-400. 

5. Spurný, F, and Dachev, Ts.: “Long-term Monitoring of the onboard Aircraft Exposure Level with 
a Si-diode based Spectrometer”. Adv. Space Research 32 (2003) 53-58. 

6. Levi, S.M., Radicheva, M. and Gelev, M.: “Synthesis and Factors having Influence on 
Thermoluminescent Properties of CaSO4:Dy [Tm] Luminophor”. Jaderna energiya 20 (1983) 57-
62. 

7. Yamashita, Y., Nada, N., Onishi, H. and Kitamura, S.: “Preparation and Properties of new 
CaSO4:Dy [Tm] Thermoluminescent Detectors”. Health Physics 21 (1971) 295-299. 

8. Králík, M. and Turek, K.: “Characterisation of Neutron Fields around High Energy X-ray 
Radiotherapy Machines”. Radiat. Prot. Dosim. 110,  (2004) 

9. Stamenov, J. and Vachev, B.: “BEO Moussala . BEO Integrated Environmental Centre. Present 
and Future Activities”. in Proceedings of HIMONTONET European workshop, Borovetz 28/06-
03/07, 48-80. 

10. Ivanov, P. and Yaneva, N.: “Red-time Atmosphere and Radioactivity Background Monitoring at 
BEO Moussala”. in Proceedings of HIMONTONET European workshop, Borovetz 28/06-03/07, 
175-184. 

11. “Sources and Effects of Ionizing Radiation”. UNSCEAR Report to the GA of UN, UN 2000, vol. 
I, 87. 

12. “Cosmic Radiation Exposure of Aircraft Crews: Compilation of Measured and Calculated Data”. 
EURADOD WG 5 Report, European Communities 2004, will be published. 

13. Spurný, F., Turek, K., Gelev, M., Stamenov, J. and Dachev, Ts.: „Neutron Detection  and 
Dosimetry on and Close to the Earth’s Surface”.Presented at HIMONTONET workshop, Borovetz 
2003, INRNE 2003, 148-155 

 

 8


