
Activity Concentrations of Natural Radio Nuclides 
In Soil near TPP-4 of Ulan Bator

Erdev Batjargala*, Enkhbat Sodnomb, Enkhmaa Battogtvorc

a National University of  Mongolia, School of Physics and Electronics, Nuclear Research 
Centre, University Street 01, Main Building NUM, Ulaanbaatar 210646, Mongolia.

b Nuclear  Energy  Commission,  Government  of  Mongolia,  J.Sambuugiin  gudamj11, 
Ulaanbaatar-210646, Mongolia.

c Hacettepe University, Ankara, Turkey 

Abstract. The present paper shows the results of investigation on studying of radio active pollution in surface of 
soil  near  The  Ulaanbaatar  Fourth  Thermal  Power  Plant  (TPP-4) of  our  capital  city  and  cross  alpha  and  beta 
radioactivity in coal and ash of Baganuur and Shivee-Ovoo coalmines, which is used in TPP-4, carried out through 
the gamma spectrometric method and alpha and beta radiometric analysis.
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1. Introduction

The Ulan Bator Fourth Thermal Power Plant (TPP-4) is the largest in Mongolia. It is first unit started 
to operate in 1983. The installed capacity of TPP is 540 MW. The main sources of environmental 
pollution in Ulan Bator city are TPP-4, over 90 thousands  mongolian national ger using brown coal 
and vehicle combustion exhaust (70000 cars 3500 taxis and 2500 buses).

One  of  the  peculiarities  of  Mongolian  climate  is  that,  in  winter  it  gets  very  cold,  and  persistent 
temperature inversion dramatically increases environmental pollution. Especially contents of fly ashes 
and other pollutants in the environment of Ulan Bator exceed the permissible level.

The main fuel of the TPP-4 is brown coal of the Baganuur and Shivee-Ovoo coalmines. Radioactivity 
in brown coal is relatively concentrated. A year usage of coal is about 2.4 million tones. According to 
the  last  20  years  research,  the  TPP  had  used  38.511  million  tones  of  coal  and  given  into  the 
environment with flue gas 283233 tones of  ash,  40124 tones  of  CO, 219325 tones of  SO2,  4.752 
million tones NOx. The radioactivity concentration level of natural radio nuclides is one of the major 
causes of external gamma rays exposure.

2. Fly ashes

The majior part of mineral component of fuel is transformed into ash during burning and thrown out 
along with smoke emission. Due to fact that ash content  of coal ranges between 10-55%, the ash 
content  of  flue  gases,  formed by  combustion  of  coal,  ranges  between 60-70  g/m3.  The  chemical 
contents of solid fuel are also varying. Usually it consists of oxides of Zn, Al, Ti, K, Na, Fe, Mg, Ca in 
the ash is included in free oxides silicates, sulfates and other compounds. The harmfulness of solid 
fuel ash depends of the content of Ca oxide. 
 
The  ashes content of fly ashes falls on to the ground surface, and the flue gases distributes in the 
different  layers  of  air.  The concentrations  of  the  ashes  are  determined  by  estimation  and  several 
measurements. The flue gases are a cause for environmental pollution. For the Baganuur coal with 
mean ash content of Ap =10-19% of TPP - 4 with 540 MWT the flue gases contain approximately of 
1289 g/sec of ashes. In 1987-2007 the ashes formed during coal combustion at the TPP - 4 reach 
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5,455.9 tons or 14.16% of total burned coal. During this period, approximately 283,233 thousand tons 
of fly ashes were emitted into the air (Fig.1).

Figure 1: Fly ashes from TPP-4 into atmospheric air
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3. Activity concentrations of natural radio nuclides and gross beta activity

In the selection of samples for the analyses of soil,  relatively equal platforms were chosen: equal 
places by the size of 1 m2 at a depth 5 cm from surface soil and using high resolution HP Ge gamma 
spectrometry. Table 1 lists the directions of the TPP-4 where soil samples were taken.

Table 1: Activity concentrations of natural radio nuclides in soil, different directions from TPP-4 of 
Ulaanbaatar (SW-Southwest, NW-Northwest, NE-Northeast, SE-Southeast).

N Direction
Activity concentration, Bq/kg

40K 238U 232Th
Mean Range Mean Range Mean Range

Gross β
Activity, Bq/

kg

10 South 857 281-1880 16 4-35 29 13-50 399±23
8 SW 396 79-988 68 14-130 27 15-37 410±29
6 West 761 352-1419 25 20-30 25 11-32 444±34
6 NW 799 503-976 15 2-40 26 19-33 466±42
4 North 949 356-1343 7 3-14 39 23-59 484±36
9 NE 493 116-780 25 2-41 33 17-74 456±25
7 East 1453 412-6162 107 50-212 53 34-73 596±33

11 SE 1318 630-1965 66 17-109 29 14-38 503±31
Near TPP-4
 (61 point)

931 79-6162 45 2-212 32 11-74 461±31

Ulan Bator
 (40 points)

880 712-1100 33 21-42 39 21-41 285±4

Mongolia 
(19 provinces)

835 320-1330 28 14-49 32 11-55 -

World 370 100-1000 25 10-50 25 7-50 -

The results of determinations of activity concentration of natural radio nuclides and gross beta activity 
by high resolution gamma-ray  spectrometry  and beta  radiometry BC-4 in soil  at  8  directions  and 
distances from the TPP-4 are shown by following table 2 Compared results of cross alpha and beta 
radioactivity in coal and ash of Baganuur and Shivee-Ovoo coalmines which is used in TPP-4.
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Table 2:  Compared results  of  total  cross and beta  radioactivity  in coal and ash of Baganuur and 
Shivee-Ovoo coal mines which is used in TPP-4.

Sample
Àα,Bq /m2 Aβ, Bq/kg

Baganuur Shivee-Ovoo Baganuur Shivee-Ovoo

Coal 3.89 ± 0.16 8.67± 0.81 129.73 ± 7.13 262.24 ± 92.29
¯Ash 6.51 ±  0.56 - 136.73 ± 47.85 296.63 ± 79.72

Table 3 is showing compared results of total alpha and beta radioactivity in soil and snow samples 
from some distances at south direction of TPP-4. Activity concentrations of 238U, 232Th and 40K in 
soil samples collected from the most populous area of southern TPP-4 have been measured by 
gamma-ray spectrometry and radio meters. The measured activity concentrations for these radio 
nuclides are compared with the reported data from different other locals and it is found that 
measured activity concentrations are comparable with the worldwide measured average values 
reported by the UNSCEAR.

Table 3: Compared results of total alpha and beta radioactivity in soil and snow samples from some 
distances at south direction of TPP-4.

Distance, km Aα, Bq/m2 Aβ, Bq/kg
Soil Snow Soil Snow

4.5
5

5.5
average

0.82±0.1
1.12±0.12
2.09±0.2
1.34±0.14

17.9±4.0
44.1±6.2
17.5±4.1
26.5±4.7

421.76±10.1
395.13±12.2
304.41±23.0
373.78±15.1

1352.89±17.8
1442.68±27.3
1480.08±26.5
1425.22±23.9

Radioactivity in snow is higher than radioactivity in soil. This means that environment is polluted by 
TPP-4. Therefore, in our country less polluting power plant-NPP is needed.

4. Conclusion

• The problem of environmental contamination from TPP in winter is greater than any other 
seasons.  Therefore,  reaching  the  maximum value,  samples  taken  in  winter  are  useful  for 
comparing with the permissible values with a purpose of monitoring contaminations. 

• Environmental pollution is maximum at 20xH or 4-5 kilometers (height of a chimney H=250 
meters) from the TPP-4.

• Radioactive  contamination  in  surface  of  soil  is  greater  in  the  left  directions  [40K:  1453 
(412-6162) Bq/kg;  238U: 107 (50-212) Bq/kg;  232Th: 53 (34-73) Bq/kg;  β: 596±33 Bq/kg] of 
the TPP-4 than the right directions [40K: 761 (352-1419) Bq/kg ; 238U: 25 (20-30) Bq/kg; 232Th: 
25 (11-32) Bq/kg;  β: 444±34 Bq/kg] . It is because wind direction in Ulaanbaatar is usually 
from right to left.
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