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Bangka-Belitung is known as tin producer and it geologically contains higher 

concentrations of natural radionuclides than most other areas. The aim of this study 

was to evaluate the level of terrestrial gamma radiation in Bangka-Belitung Islands. 

The external gamma radiation dose rate from terrestrial gamma-rays have been 

measured at one meter above the ground by means of a portable gamma 

spectrometer at 66 survey points. The terrestrial gamma dose rates in Bangka island 

range from 43.67 to 511.54 nGy h-1 with a mean of 183.45 nGy h-1, while in 

Belitung island they range from 15.54 to 416.39 nGy h-1 with a mean of 132.60 nGy 

h-1. From this work, a strong correlation was found between dose rates found from 

in-situ radiation measurements and dose rates calculated theoretically from 

radioactivity contents of the soil at the same locations. Generally, Bangka-Belitung 

islands have higher outdoor natural gamma dose rates than the world average value 

of 0.058 μGy h-1 for the regions with normal background radiation specified by 

United Nations Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR). 

 

© 2015 Atom Indonesia. All rights reserved 

 

INTRODUCTION 
  

Terrestrial gamma radiation comes from two 

sources, namely terrestrial sources from 

radionuclides and extraterrestrial sources in the form 

of cosmic radiation. The terrestrial radionuclides 

include decay chain radionuclides, such as uranium-

238 (
238

U) and thorium- 232 (
232

Th), and non-decay 

chain radionuclides, such as potassium-40 (
40

K), 

which have been present in the earth (in rocks and 

soils) since its formation. The activity 

concentrations of these  radionuclides in the soil and 

in the surrounding environment, as well as the 

associated external exposure due to the gamma 

radiation, depend primarily on the geological and 

geographical conditions of the region [1].  

The Bangka-Belitung islands are known as a 

tin-producing area which forms a part of the 

Southeast Asian Tin Belt, the richest tin belt in the 

world which spans from South China - Thailand - 

Myanmar - Malaysia to Indonesia. Tin is the 
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essential mineral resource of the Bangka-Belitung 

islands, with accessory minerals consisting of 

monazite, zircon, xenotime, ilmenite, magnetite and 

pyrite. Tin deposits are found as primary and 

secondary deposits [2]. 

Tin mining and processing of by-product-

heavy minerals from tin mining as contributed a 

number of natural radionuclides to the environment; 

this contribution occurs since those minerals, such 

as heavy mineral sand, monazite, ilmenite, zircon or 

xenotime, contain natural radioactive elements 

which co-exist with the tin ore or cassiterite in the 

ground [3-6].  

The activity concentrations of natural 

radionuclides in soil of Bangka and Belitung islands 

have been previously reported [7]. Generally, the 

average and ranges of activity concentrations of 

radionuclides in soil collected from Bangka and 

Belitung islands are higher than the common areas 

world average, except for 
40

K. The activity 

concentrations of 
226

Ra, 
232

Th and 
40

K are in the              

4.8 - 544 Bq kg
-1

, 7.3 - 2170 Bq kg
-1

,  and 5.3 - 368 

Bq kg
-1

ranges with mean values of 72.3, 203 and               
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70.0 Bq kg
-1

, respectively. World averages for
226

Ra, 
232

Th and 
40

K are 35 Bq kg
-1

, 30 Bq kg
-1 

and 400 Bq 

kg
-1 

respectively. The previous study was also 

carried out to evaluate the natural radioactivity 

concentration in some food crops grown in Bangka 

and Belitung Islands. There was an indication      

that the mining activities in Bangka-Belitung   

islands impacted the radiation burden of the 

environment [8].  

The activity of tin dressing and refining 

during the past years which spread over the Bangka-

Belitung areas may cause the enhancement of the 

environmental dose rate due to natural 

radionuclides. In this study, the distribution of 

outdoor gamma dose rates from terrestrial gamma 

radiation in Bangka-Belitung islands and their 

effective dose rates were investigated. 

 

 

EXPERIMENTAL METHODS 
 
Site descriptions  

Geographically, Bangka - Belitung Islands are 

located at 104° 50’ - 109° 30’ E and 0° 50’ - 4° 10’ 

S. The total area of Bangka-Belitung Islands is 

about 81,725.14 km
2
, consisting of a land area of 

about 16,424.14 km
2 
or 20.1 percent of the total area 

and a sea area of about 65,301 km
2
 or 79.9 percent 

of the total area. The Bangka Strait separates 

Sumatera Island from Bangka Island whereas the 

Gaspar Strait separates Bangka Island from Belitung 

Island. North of the islands liesthe South China Sea, 

to the south lies the Jawa Sea, and Kalimantan 

Island lies in the east, separated from Belitung 

Island by the Karimata Strait. 

In general, the topography of Bangka-

Belitung is relatively flat, mostly ranging from 

lowlands to hilly lands, with only a small part of the 

islands being mountainous. The altitude of the 

lowland is around 50 m above the sea level.                   

The highest point in the Bangka Island is in the 

pinnacle of Maras Mountain at an altitude of 699 

meter, while in Belitung Island it is in the Tajam 

Mountain with an altitude of 500 m above the                

sea level [9]. 

 
 
Measurement points 

The sampling points were selected by 

dividing each of the total area of the Bangka and 

Belitung islands using a square grid as reported 

previously [7]. Geographical coordinates of 

sampling points were determined using a 60CHx 

global positioning system (GPS) map manufactured 

by Garmin.  

Gamma dose rate 

The gamma dose rate was measured at one 

meter above the ground by means of a portable 

gamma spectrometer (Model GR-130 Mini Spec, 

produced by Exploranium Company, Canada).            

The instrument was calibrated by a secondary 

standard dosimetry laboratory under the National 

Nuclear Energy Agency of Indonesia. For statistical 

purposes, 10 readings were taken at each point of 

reading and the average was recorded. Further, some 

environmental parameters such as temperature, 

pressure, relative humidity and weather conditions 

at the time of measurement were recorded. 

 

  
 

Fig. 1. MiniSpec Exploranium GR 130. 

 

 

RESULTS AND DISCUSSION 

The terrestrial gamma dose rate 

measurements at one meter above surface soil in 

Bangka and Belitung islands were found to be 

varying in different sites. The terrestrial gamma 

dose rate of Bangka Island ranged from 43.67 to 

511.54 nGy h
-1

 with a mean of 183.45 nGy h
-1

, 

while for Belitung island it ranged from15.54 to 

416.39 nGy h
-1

 with a means of 132.60 nGy h
-1

. 

The distribution of terrestrial gamma dose 

rate data is presented as a histogram in Figs. 2 and 

3. The histogram shows the variation of terrestrial 

gamma absorbed dose rates measured in various 

areas in Bangka-Belitung. It can be seen that 

generally the averages and ranges of gamma dose 

rate in Bangka Island are higher than those in 

Belitung island. High values of terrestrial gamma 

dose rate in Bangka may correlate with the 

differences in the patterns of mineralization between 

the two islands. In Bangka Island, mineralizations 

formed around granite bodies, and tin deposits are 

found mainly in contact zones. In Belitung Island, 

mineralizations formed far from the granite bodies. 

The altitude of the island above the sea level during 

the Tertiary and Quaternary period also contributed 

to the weathering intensity, which influenced the 

characteristics and existence of the primary mineral 

deposits [2,7]. 
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Additionally, the increasing tin mining 

activities by individuals and illegal mines in 

Bangka-Belitung islands may also be responsible      

for the enhanced radioactivity in the area. Generally, 

tin mining leaves some natural radionuclides                

which easily transfers from the mining location to 

its surrounding environment which goes up                    

to the land surface [10-12]. 

All surveyed areas (Bangka-Belitung) showed 

considerably higher ambient gamma dose rates, 

compared with the global outdoor natural gamma 

dose rate average of 0.058 μGy h
-1

 [13]. It may                

be caused by the possible rise in concentration                

due to the accumulation of mineral sands                    

from various mining activities in Bangka-Belitung 

islands. The soil in Bangka-Belitung is severely 

degraded due to uncontrolled mining. Illegal               

mining is the main cause of land degradation.                

The rapidly increasing number of illegal mines                 

is a large contributor to the destruction of the 

Bangka-Belitung soil [14]. 
 

 
Fig. 2. Frequency histogram of dose rate in Bangka 
 

 
Fig. 3. Frequency histogram of dose rate in Belitung 

 

The results of direct measurements                    

of the terrestrial gamma dose rate were compared 

with the results of calculations based on the 

concentration of radionuclides in soil samples                

as shown in  Figs. 4 and 5. The values of outdoor 

air-absorbed dose rates which was calculated               

based on the concentrations of 
226

Ra, 
232

Th, and                   
40

K in soil collected from the same site with                    

present work have been previously reported [7]. 

The outdoor air-absorbed dose rates due to 

terrestrial gamma rays at 1 m above the ground level 

have been calculated from 
226

Ra, 
232

Th and 
40

K 

concentrations in the soil by using the following 

formula [15-18]:  
 

 

KThRa AAAnGyhD 0417.0604.0462.0)( 1    (1) 

 

 

Where D is the absorbed dose rate in nGy h
-1

, 

and ARa, ATh and AK are the specific activities of 
226

Ra, 
232

Th, and 
40

K, respectively, in  Bq kg
-1

.     

The conversion factors 0.462, 0.604, and 0.0417            

are the corresponding dose conversion                   

coefficients which convert the specific                   

activities to absorbed dose rates; they are                 

expressed in nGy kg h
-1

 Bq
-1

. These coefficients 

were originally derived from Monte                           

Carlo simulations using mathematical phantoms 

[1,19]. 

Figures 4 and 5 show the correlations                    

found between dose rates obtained from                     

in-situ radiation measurements and dose                        

rates theoretically calculated from radioactive 

contents of soils at the same locations.                         

As can be seen in Figs. 4 and 5, the relationship 

between dose rates calculated from concentrations 

of 
226

Ra, 
232

Th and 
40

K in soil samples of                    

Bangka-Belitung and dose rates obtained                         

using a MiniSpec Exploranium  GR 130 gamma ray 

spectrometer at the same sites showed                             

high correlation coefficients (r = 0.8526 and 

0.8883). A reasonable relationship can be seen. 

Plots of the two variables (x = theoretical,                           

y = experimental) used in the study                           

showed that they were linearly related. The intercept 

might be explained as the contribution from                   

cosmic rays to the measured gamma dose                          

rate [20]. Besides that, natural radionuclides                   

may not be distributed uniformly in the soil;                     

radon and its decay products in the atmosphere                

may affect dose rates; soil moisture of the surface 

layer may affect dose rates; and the soil                        

samples were analyzed after removal of pebbles         

and stones [21].  
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Fig. 4. Relationship between directly measured dose rates and 

dose rates calculated from concentration of 226Ra, 232Th and 40K 

in soil samples from Bangka.   

 

 

 
Fig. 5.  Relationship between directly measured dose rates and 

dose rates calculated from concentration of 226Ra, 232Th and 40K 

in soil samples from Belitung 

 

 

Further, the in-situ measured data                          

of terrestrial gamma dose rates were mapped                   

using Surfer GIS software to simulate the                        

whole Bangka-Belitung region. The resulting                  

map of terrestrial gamma dose rate is shown                      

in Fig. 6; it shows the distribution of                        

terrestrial gamma absorbed dose rates measured in 

various places in the Bangka-Belitung islands.                     

It can be seen from Fig. 6 that the higher                        

gamma dose rates are found in the region of                                

Bangka island and in the western part of                     

Belitung island. It may be influenced by many 

factor such as the differences in soil characteristics, 

geological conditions of the island, and mining 

activities.  

 

 
 

Fig. 6. The map of terrestrial gamma dose rate of Bangka-

Belitung Islands. 

 

 
CONCLUSION 

The terrestrial gamma dose rates varied 

considerably within the study area, even among 

adjacent regions. This variation is associated with 

the distribution of radionuclide activity 

concentrations of the soil. It has been observed that 

there was a good correlation between direct 

measured dose rates and calculated terrestrial dose 

rates in all sites. Generally, the average and ranges 

of the terrestrial gamma dose rate the whole Bangka 

and Belitung islands are higher than the world 

average.  
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