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Abstract— The presence of natural radioactivity in building materials may cause both external and internal radiation exposure to the 

dwellers. Elevated level of radioactivity concentration in naturally occurring radioactive materials (NORMs) like sand, brick etc. may cause 

great harm to the dwellers via prolonged exposure when used as building materials. Different types of brick are popular building materials 

used for constructing houses in urban and sub-urban areas in Bangladesh. The current study presents probable radionuclide contents in 

these building materials, their activity concentrations and the effects of these radionuclides on the dwellers living in these houses. A total of 

14 brick samples of three different types (burnt by wood, coal and gas) were collected from different brick fields of Dhaka and Savar areas 

of Bangladesh. Moreover, 14 soil samples which were used as the starting materials to make the bricks under study were also collected 

and analyzed. The samples were analyzed by gamma spectrometry technique using a Hyper Pure Germanium (HPGe) detector with 20% 

relative efficiency. The results showed that only the natural radionuclides such as 
226

Ra, 
232

Th and 
40

K were present in the samples and no 

artificial radionuclide was detected in any of the samples. The activity concentrations of 
226

Ra, 
232

Th and 
40

K in the brick samples were 

58.44±5.61 Bqkg
-1

, 86.26±8.15 Bqkg
-1

 and 982.03±118.85 Bqkg
-1 

,whereas  59.76 ±6.47 Bqkg
-1

, 89.02 ±9.51 Bqkg
-1

 and 999.64 ±143.65 

Bqkg
-1

  in soil samples respectively. To evaluate the radiological hazards, radium equivalent activity, various hazard indices, alpha index, 

gamma index and excess life-time cancer risk have been calculated, and compared with the literature values. The absorbed dose rate and 

outdoor annual effective dose are slightly higher than the world average values and found that the brick and soil samples of the study are 

not hazardous by the radiation and does not pose any harmful effect to the environment. The activity concentrations presented herein are 

expected to be useful in assessing the impact of future radiological loadings from use of construction and decorative materials in dwellings. 

Index Terms— Brick,Building materials, Dose rate, Excess Lifetime Cancer Risk, Gamma spectroscopy, Natural radioactivity,  Radiation 

hazard, Soil ,                                                           ——————————      —————————— 

1 INTRODUCTION                                                                     

HIS Humans are exposed to natural radioactivity at dif-
ferent levels depending on natural radioactive elements 
present in each area; as such, researchers investigated the 

natural environmental radiation and radioactivity in soils to 
conduct background checks and detect environmental radio-
activity [1]. The levels of radioactivity can be used to assess 
public dose rates and radioactive contamination and predict 
changes in environmental radioactivity caused by nuclear ac-
cidents, industrial activities, and other human activities [16] 
Ionizing radiation, arising either from external sources outside 
the body or from internal contamination of the body by radio-
active substance, interacts with human body and may cause 
biological effects like radiation damage and biochemical 
change [2]. Human beings are exposed to radiation from the 
environment continuously. Naturally occurring radioactive 
materials (NORM) come mainly from cosmic and primordial 
radiation. Primordial radioisotopes coming from terrestrial 
sources like rocks and soils of the earth‘s crust frequently exist 
in building materials. The most prominent naturally occurring 
radioisotopes are 40K and radionuclides from 238U and 232Th 
radioactive series with their decay products which represent 
the most commencing sources of ionizing radiation on earth 
[2].  
———————————————— 
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Most of the environmental elements and construction materi-
als contain vestige amount of natural radioactivity [3]. It is 
important to estimate activity concentration of radionuclides 
in soil and building materials as they are source of external 
radiation exposure in dwellings [4]. 

Most inhabitants spend about 80% of their lifetime indoor 
surrounded by different types of building materials of which 
brick is notable [2],[5-8]. The materials used for construction 
purpose can result in long term exposure. Gamma-rays emit-
ted from the radioactive isotope are the fundamental source of 
this radiation exposure in buildings [2]. Elevated level of radi-
oactivity may cause any related health risk. So the study of 
assessment of natural radioactivity is an inevitable matter to 
radiological environmental protection[9]. Measurement of 
radioactivity levels will be helpful to estimate associated envi-
ronmental and health venture as well as to place the standard 
and national guidelines used for providing recommendation 
[3].  

Brick is one of the most eco friendly and popular building 
materials commonly used in urban and sub-urban areas in 
Bangladesh. Various types of bricks and soils, which are used 
as the starting materials to make these bricks, have been col-
lected in this study. Building materials cause direct radiation 
exposure because of their radioactive content and as a result of 
their noxious health issue it is now a rising public concern [2]. 

In the present study, to assess the impact of  some brick 
fields on the environment, the environmental pollution impact 
was analyzed by determining the concentrations of the radio-
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nuclides and other radioactive indices in soil and brick sam-
ples which were collected from some brick fields from where 
maximum bricks are delivered to populated city specially 
Dhaka city. Such information will lead to an accurate dosimet-
ric evaluation of the risk of human exposure due to enhance-
ments of TENORM (technologically-enhanced naturally oc-
curring radioactive materials) levels. 
 
2    METHODS AND MATERIALS  
 
2.1 Study Area 

Brick and soil samples (starting materials to make the bricks) 
were collected during 2014 from 3 locations in the area of 
Dhaka district at Savar Upazila province in the north of Bang-
ladesh. 
Savar is located at 23.8583°N 90.2667°E. It has 66956 units of 
household and a total area of 280.13 km². It is bounded by Kal-
iakair and Gazipur Sadar upazilas on the north, Keraniganj 
upazila on the south, Mirpur, Mohammadpur, Pallabi and 
Uttara thanas of Dhaka City on the east, and Dhamrai and 
Singair upazilas on the west. The southern part of the upazila 
is composed of the alluvium soil of the Bangshi and 
Dhalashwari rivers. Main rivers are Bangshi, Turag, Buriganga 
and Karnatali.  

2.2 Sample Locations, Collection and Preparation 

 
A total of 28 samples namely; 14 soil and 14 brick samples; 

were collected from in and around the brick field area. 14 
brick samples of three different types (burnt by wood, coal 
and gas) were divided into three groups namely; gas, coal and 
wood brick samples. 14 soil samples which were used as the 
starting materials to make the bricks were given the similar 
name. 

 
2.2.1 Sample Processing 
After the collection of all soil and brick samples, they were 

transported and preserved at the sample preparation laborato-
ry of the Health Physics and Radioactive Waste Management 
Unit of Bangladesh Atomic Energy Commission (BAEC), 
Savar, Dhaka. All Collected samples were purified by remov-
ing all contaminants such as rocks, woods, metals, vegetation 
residual parts etc and dried in the sun and crushed into fine 
powder by using a grinder and collected after passing through 
400 µm mesh screen. The homogenized samples were then 
dried in an oven at about 110˚C for about 24 hours and the 
weights of the samples were recorded using an electrical bal-
ance. The processed samples were then transferred to sealable 
cylindrical plastic containers of 7 cm height and 5.5 cm in di-
ameter, marked individually with identification parameters 
e.g, name and location of the sample, date of preparation and 
net weight. All the containers are then sealed tightly with an 
insulating tape around their neck and stored for about 30 days 
to attain radioactive secular equilibrium between 226Ra and its 
daughter products.  

 
 
 

Table 1: List of the collected soil samples for study 

 
2.2.2 Experimental Set-up 

 The detection and measurement of radionuclides in the 
samples were carried out by gamma spectrometry system us-
ing a vertical coaxial cylindrical high purity germanium 
(HPGe) detector of 172 cm3 active volume and with 20% rela-
tive efficiency. The p-type HPGe detector supplied by CAN-
BERRA (ModelGC4020), has a resolution of 2 keV at 1332 keV 
of Cobalt-60 gamma-ray line. The detector was coupled to a 16 
k multi-channel analyzer. The spectra of all samples were per-
fectly analyzed using Genie-2000 spectra analysis software 
(which matched various gamma energy peaks to a library of 
all possible radionuclides) to calculate the concentrations of 
226Ra, 232Th and 40K. All the samples were counted for 10 ks.  

Collection Area Sample 

Code 

Type of 

Sample 

Date of 

Collection 

Quantity of 

Samples 

Nabinagar, 

Savar 

S1(G) Soil  

 

16.04.2014 

165.60 gm 

S2(G) Soil 204.90 gm 

S3(G) Soil 225.26 gm 

Genda, Savar S4(G) Soil 02.04.2014 172.90 gm 

S5(G) Soil 195.60 gm 

Doshail, Au-

khpara, Savar 

S6(G) Soil 02.04.2014 170.60 gm 

Ashulia Bridge, 

Ashulia 

S7(C) Soil  

 

06.03.2014 

126.30 gm 

S8(C) Soil 150.60 gm 

S9(C) Soil 143.30 gm 

S10(C) Soil 125.70 gm 

S11(C) Soil 124.40 gm 

Ashulia Bridge, 

Ashulia 

S12(W) Soil 06.03.2014 138.00 gm 

S13(W) Soil 136.30 gm 

S14(W) Soil 127.40 gm 

Nabinagar, 

Savar 

B1(G) Brick  

16.04.2014 

227.8 gm 

B2(G) Brick 187.00 gm 

B3(G) Brick 225.00 gm 

Genda, Savar B4(G) Brick 02.04.2014 205.90 gm 

B5(G) Brick 214.40 gm 

Doshail, Au-

khpara, Savar 

B6(G) Brick 02.04.2014 170.40 gm 

Ashulia Bridge, 

Ashulia 

B7(C) Brick  

 

06.03.2014 

140.80 gm 

B8(C) Brick 176.00 gm 

B9(C) Brick 194.30 gm 

B10(C) Brick 166.40 gm 

B11(C) Brick 162.00 gm 

Ashulia Bridge, 

Ashulia 

B12(W)      

Brick 

06.03.2014 202.50 gm 

B13(W) Brick 232.70 gm 

B14(W) Brick 199.00 gm 
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Figure 1: Location map of samples with Dhaka district map 

of Bangladesh 
 
Prior to the measurement of the samples, the environmen-

tal gamma background at laboratory site was determined with 
plastic container used in the sample measurement. The gam-
ma ray lines of 295.221 keV and 351.922 keV from 214Pb, and 
609.32 keV, 1120.31 keV and 1764.551 keV from 214Bi were used 
to determine the activity concentrations of 226Ra. The activity 
concentrations of 232Th were determined using the net counts 
under the 238.63 keV and 300.087 keV photo-peaks from 212Pb, 
911.205 keV and 968.97 keV photo peaks from 228Ac, and 
583.19 keV and 2614.533 keV from 208Tl.  The single transition 
1460.822 keV gamma-line was used to determine the activity 
concentrations of 40K. For the evaluation of 226Ra and 232Th ac-
tivity, a weighted mean approach  was applied using the 
aforementioned gamma lines[10]-[11]. 

 
2.2.3 Calibration of the Detector 
The efficiency calibration of the detector was performed by 
standard sources of solid matrices, prepared using 226Ra 
standard using identical containers used for the measurement 
of the samples, e.g., 180 ml plastic container for solid samples. 
The preparation process of standard sources had been report-
ed elsewhere [12]. The detector efficiency calibration curves as 
function of energy for solid matrices are shown in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
2.2.4 The Activity Concentrations  
The activity concentrations (A) of each radionuclide in the 

sample was determined by using the count per second (cps) 
after subtracting the background counts from the gross counts 
for the same counting time under the selected photo peaks, 
weight of the sample, the photo-peak efficiency and the gam-
ma intensity at a specific energy as [13] : 

 
      A= cps/E×I×W                                              (1) 

 
Where, A = Activity concentrations of the sample in Bqkg-1 

or BqL-1 
cps = The net counts per second= cps for the sample - cps 

for the background value 
E = the counting efficiency of the gamma energy 
I = Absolute intensity of the gamma ray and  
W = Net weight of the sample (in kilogram or litre). 
The errors in the measurements were expressed in terms of 

standard deviation (±2σ), where σ is expressed as [14]:  
        

      σ =[Ns/Ts
2 +Nb/Tb

2]1/2                                      (2) 

Where, Ns is the sample counts measured in time Ts, and Nb 
is the background counts measured in time Tb. The standard 
deviation ±2σ in cps was converted into activity in Bqkg-1 ac-
cording to the equation (1). 
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Fig.2 Efficiency curve for solid matrix 
 
 

 
Figure 2: Efficiency curve for solid matrix 
 

 

2.3 Estimation of radiation hazard indicators 

2.3.1 Gamma Absorbed Dose Rates (DR) 

The external outdoor absorbed gamma dose rates due to 
terrestrial radionuclides 226Ra, 232Th and 40K at 1m 
above the ground level was calculated as [15]: 

DR (nGyh-1) = 0.462 ARa+0.604 ATh+0.042 AK    (3)  

where, ARa, ATh and AK are the specific activities of 226Ra, 
232Th and 40K, respectively in Bqkg-1.  

 
2.3.2 Annual Effective Dose Equivalent (AEDE) 

 
The absorbed dose rate was converted into annual effec-

tive dose equivalent by using a conversion factor of 0.7 
SvGy-1 recommended by the UNSCEAR (2000) and 0.2 for 
the outdoor occupancy factor by considering that the peo-
ple on an average, spent 20% of their time in outdoors [17] . 
The effective dose due to natural radioactivity in the col-
lected samples was calculated by: 
AEDE = D × 24 × 365.25 × 0.2 × 0.7 × 10-6      (4) 
 

2.3.3 Radium Equivalent Activity (Raeq) 
 
The radionuclides 226Ra, 232Th and 40K are not homoge-

neously distributed in the studied sand sample. The inho-
mogeneous distribution from naturally occurring radionu-
clides is due to disequilibrium between 226Ra and its decay 
products. For uniformity in exposure estimates, the radio-
nuclide concentrations are defined in terms of ‗Radium 
equivalent activity‘ (Raeq) in Bqkg-1

. This allows comparison 
of the specific activity of materials containing different 

amounts of 226Ra, 232Th and 40K according to Beretka and 
Mathew  as follows[18]: 

 
Raeq (Bqkg-1) = ARa + 1.43 ATh + 0.077 AK              (5) 

 

2.4 Hazard Indices 

 
2.4.1 External Hazard Index (Hex) 
The external hazard index (Hex) is the indoor radiation 

dose rate due to the external exposure to gamma radiation 
in construction materials of dwelling, which was calculated 
by [19]. 

Hex = ARa /370 + ATh / 259 + AK / 4810                  (6) 
 
2.4.2 Internal Hazard Index (Hin) 
Respiratory organs can be vulnerable to inhaled randon 

and its short-lived progency too, and the the value of inter-
nal exposure to radon and its progeny can be estimated 
using Eq (7) [7]. 

Hin = ARa /185 + ATh / 259 + AK / 4810                   (7) 
 
 Hin 

 must be less than 1 for the building materials to be 
considered as safe [7]. 

 
2.4.3 Gamma activity concentration index or gamma in-

dex (Iγ) 
An index is defined for using as a screening tool for cat-

egorizing materials used in construction to control the ex-
cess gamma radiation from the building materials [21-24]. 
The European Commission (European Commission 1999) 
has recommended Eq (8) for estimating  the gamma index  
for a typical building material :  

Iγ = ARa /300 + ATh / 200 + AK /3000                      (8) 
 
where ARa, ATh and AK are the calculated activity con-

centrations in Bq kg-1 for 226Ra, 232Th and 40K, respectively; 
it is predicted that activity concentrations of 300 Bq kg–1 for 
226Ra, 200 Bq kg–1 for 232Th and 3000 Bq kg–1 for 40K each 
generate the same gamma dose rate. For a structural mate-
rial, the exemption dose criterion (annual effective dose) of 
0.3 mSv y-1 corresponds to a gamma index of Iγ≤ 0.5, 
whereas the upper dose criterion of 1 mSv y-1 is satisfied 
for Iγ≤ 1 [23-24]. 

 
2.4.4 Alpha index (internal index, Iα)  
The alpha index (Iα), which has been applied by various 

researchers can be used to estimate  excess alpha radiation 
caused by the inhalation of radon liberated from building 
materials[21-23].  

 Iα= ARa /200                                       (9) 
where ARa is the activity concentration of the alpha emit-

ter 226Ra (Bq kg-1). Radon exhalation from a given construc-
tion material may lead to indoor radon concentrations that 
exceed the recommended action level of 200 Bqm−3 if the 
activity concentration of 226Ra in the material exceeds a 
value of 200 Bqkg-1 , thus the safe limit is defined by an al-
pha index of less than or equal to unity[21],[23],[26]-[27]. 
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2.4.5 Excess Lifetime Cancer Risk (ELCR) 
The probability of occurrence of cancer and cancer-

related diseases among workers who are involved with 
construction, sand collection type activities and the public 
due to their continuous exposure to low doses of radiation 
from resident and offices cannot be ignored. The risk of 
exposure called excess lifetime cancer risk (ELCR) was es-
timated based on 70 years lifetime of continuous popula-
tion exposure to low-level radiation. It was calculated from 
the equation [2]: 

ELCR=AEDE×DL×RF                                (10) 
 
Where, AEDE is the annual effective dose equivalent, 

DL is the average lifetime duration 60 countries including 
Bangladesh (70 years), and RF is the fatal risk factor per 
sievert assumed to be 0.05 in this study as per ICRP-106 
[26].  

 
2.4.6 Significance of various hazard indices 
All earth born materials have some common elements like 

238U and 232Th decay series radionuclides and also the 40K. All 
radioactive progenies of 238U and 232Th parents emit α or β 
particles followed by γ-rays until their end-up to stable 206Pb 
and 208Pb, respectively. However, due to low penetration 
power of the majority of α and β particles emitted from the 
parents radionuclides cannot come out from the sample ma-
trix to the outside environment but most of the γ-rays can easi-
ly penetrate the sample matrix and enter into the building at-
mosphere. Since γ-rays emitted from building material can 
easily travel long distances within the surrounding environ-
ment, human beings may continuously exposed to by gamma 
radiation and adverse health effects may occurred via extend-
ed period of exposure. Thus, the representative gamma-index, 
absorbed dose rate and annual effective dose find great signif-
icance to understand the health hazards from gamma-
radiation exposures. Furthermore, external hazard index (Hex) 
is often used to characterize the building materials via set up a 
limiting value on the acceptable equivalent dose (or to limit 
the external γ-radiation dose), Generally, the distribution of 
226Ra, 232Th and 40K in environmental sample including con-
struction materials are not uniform. In order to overcome the 
non-uniformity of the radionuclides, a common index called 
―radium equivalent activity (Raeq)‖ is used to obtain the repre-
senting activity and also to assess the radiological hazard 
caused by the building materials. Moreover, people can easily 
inhale sand‘s dust during construction and other activities 
with sand and then the α and β emitters (sub-series headed by 
226Ra and 228Ra) can easily be attached to the living cell of the 
respiratory organs, causes the cell damage as well as create 
cancer. For these reasons internal hazard index (Hin), alpha 
index (Iα) and gamma index (Iγ) are often used to character-
ized building materials [2]. 

 
 
 
 

3 RESULTS AND DISCUSSIONS 

The activity concentration levels of the 226Ra, 232Th and 40K in 
soil and brick samples were determined by following the 
standard procedure. The detailed results are given in Table 2 
and Table 3.. 
The average activity concentration of 226Ra, 232Th and 40K in 
soil ranged from 37.47±4.51 to 76.21±7.63, 71.04±7.5-
103.48±11.52 and 527.68±94.01 to 1282.96±174.52 with mean 
values 59.76±6.47, 89.02±9.51 and 999.64±143.65 Bqkg-1 respec-
tively.In brick samples, the activity concentrations of 226Ra, 
232Th and 40K ranged from 42.73±4.33 to 68.62±6.63, 67.87±6.56 
to 99.26±7.95 and 635.54±95.26 to 1212.13±157.74 with mean 
values 58.44±5.61, 86.26±8.15 and 982.03±118.85 Bqkg-

1respectively. 
 
Table 2: Specific activity levels (Bqkg-1) of the detected ra-

dionuclides in different soil  samples 
 

Sample 
Code 

Activity concentration in Bqkg-1 

226Ra 232Th 40K 

S1(G) 63.49±5.48 94.87±7.99 559.15±102.93 

S2(G) 52.49±5.83 81.00±8.78 1095.75±135.3
8 

S3(G) 55.80±4.93 94.15±7.56 527.68±94.01 

S4(G) 53.02±5.67 84.01±8.59 887.26±126.50 

S5(G) 37.47±4.51 71.04±7.5 740.17±110.95 

S6(G) 55.28±6.05 100.1±9.20 835.99±126.95 

S7(C) 70.05±7.71 82.59±10.54 1282.96±174.5
2 

S8(C) 56.03±6.53 77.60±9.15 1147.59±147.7
5 

S9(C) 55.45±6.70 80±9.59 1160.88±154.4 

S10(C) 72.64±7.82 91.71±10.86 1306.25±175.6
9 

S11(C) 76.21±7.63 103.48±11.5
2 

1059.74±172.3
6 

S12(W) 62.72±6.97 88.39±10.16 1111.65±158.4
9 

S13(W) 63.00±7.3 103.03±10.7
7 

1109.68±160.1
6 

S14(W) 62.99±7.50 94.31±10.95 1170.27±171.0
1 

Range 
(Average) 

37.47±4.51
-76.21±7.63 ( 
59.76±6.47) 

71.04±7.5-
103.48±11.52 
(89.02±9.51) 

527.68±94.01-
1282.96±174.52 
(999.64±143.65 ) 
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Table 3: Specific activity levels (Bqkg-1) of the detected ra-

dionuclides in different  brick samples 
 

Sample 
Code 

Activity concentration in Bqkg-1 

226Ra 232Th 40K 

B1(G) 58.17±5.0
6 

93.03±7.49 635.54±9
5.26 

B2(G) 55.84±4.9
9 

83.86±8.15 1120.35±
122.74 

B3(G) 57.93±5.3
6 

89.01±7.38 777.71±9
9.08 

B4(G) 60.84±5.3
5 

94.92±8.04 954.64±1
10.28 

B5(G) 65.36±5.4
7 

99.26±7.95 806.09±1
03.79 

B6(G) 63.07±6.2 95.84±9.08 1139.52±
133.02 

B7(C) 67.6±7.09 94.64±10.2
2 

1212.13±
157.74 

B8(C) 60.44±5.9
75 

80.43±8.35 945.19±1
25.72 

B9(C) 48.62±5.2 73.92±7.59 911.69±1
14.95 

B10(C) 63.28±6.3
3 

85.26±8.82 1116.42±
135.23 

B11(C) 68.62±6.6
3 

93.88±9.29 1146.74±
138.9 

B12(W) 57.03±5.4
4 

81.82±7.70 1077.21±
114.14 

B13(W) 42.73±4.3
3 

67.87±6.56 863.24±9
7.93 

B14(W) 48.58±5.1
2 

73.91±7.51 1041.95±
115.13 

Range 
(Average) 

42.73±4.3
3-68.62±6.63 
(58.44±5.61 ) 

67.87±6.56
-99.26±7.95 
(86.26±8.15) 

635.54±9
5.26-

1212.13±157
.74 

(982.03±118.
85 ) 

World 
average 

value (UN-
(UN-

SCEAR 
2000) 

35 (17-
60) 

30(11-64) 400(140-
850) 

 
 
3.1 Radiological indices  
In order to assess the health effects, the radiation hazards 

such as radium equivalent activity (Raeq), external hazard in-
dex (Hex), internal hazard index (Hin), absorbed dose rate (DR), 
outdoor annual effective dose equivalent (AEDE), alpha index 
(Iα), gamma index (Iγ) and excess life-time cancer risk (ELCR) 
have been calculated from the activity concentrations of 226Ra, 

232Th and 40K and the values are shown in Table 4.  
From Table 4, it is seen that the mean value of radium 

equivalent activity was 263.83 Bqkg-1 for soil samples, 257.63 
Bqkg-1 for brick samples. The radium equivalent activity falls  

 
below the world average value of 370 Bqkg-1. It is apparent 
that the radium equivalent activity originating from different 
regions shows some variations, which are likely to be related 
to the position of collected soil and brick samples, transport 
process etc. This is important in selecting suitable soils and 
bricks not only for construction but also for agriculture pur-
poses in order to keep the radiation hazard minimum.  
The mean value of external and internal radiation hazard in-
dex were 0.71 and 0.87 for soil samples and 0.70 and 0.85 for 
brick samples respectively  which was far less than the unity 
indicating the non-hazardous category of the samples. The 
values of hazard indices confirmed that it was safe for human 
to live and work at that area. 
The absorbed dose rate was 91.31 to 143.82 nGyh-1 with an 
average 123.36 nGyh-1for soil samples, for brick samples was 
96.99 to 139.30 nGyh-1 with an average 120.54 nGyh-1. These  
values were higher than the world average 57 nGyh-1 for the 
both samples.  
The outdoor annual effective doses for soil and brick samples 
were 0.11 to 0.17 mSvyr-1 with an average value of 0.15 mSvyr-

1 and 0.12 to o.17 mSvyr-1 with an average value of 0.15 mSvyr-

1 respectively. These values were less than the world average 
value of 0.480 mSvyr-1 for soil. 

 
For a building material, the exempted dose criterion and 

dose criterion of values 0.3 mSvy-1 and 1mSvy-1are satisfied for 
Iγ≤0.5 and Iγ≤1 respectively [23-24].  According to the dose 
criterion, those building materials should be avoided which 
have Iγ≥1 because this value of gamma index leads the dose 
rate higher than 1mSvy-1[24].  

For all collected samples, it was found that Iγ 0.5 but 
Iγ 1,indicating that the gamma dose contributions from the 
studied building materials exceeded the exemption dose crite-
rion of 0.3 mSvy−1 while remaining lower than the upper dose 
criterion of 1 mSvy−1, with the exception of six soil samples 
and five brick samples. The evaluated alpha index (Iα) values 
were well below the recommended upper level of 1 for inter-
nal exposure[20],[21],[23],[26]. It was found that six samples of 
soil and five samples of brick showed higher values and re-
maining samples of both type were in the range of permissible 
limit. 

The computed average value of excess lifetime cancer risk 
is 0.54×10-3 and 0.52×10-3 for studied soil and brick samples 
respectively and both the samples exceeded the world average 
value of 0.29×10-3 [16]. 
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Table 4: Calculated various hazard indices associated with  
the radioactivity of  the studied soil and brick samples 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

 
 
 
 
 
 

 
 
 
 
 

 

  

Sample 
Code 

Raeq 

(Bqkg-1) 

Hex Hin DR 
(nGyh-1) 

AEDE 
(mSvyr-1) 

Iα Iγ ELCR×10-3 
 

S1(G) 242.03 0.65 0.83 110.12 0.14 0.32 0.87 0.49 

S2(G) 252.49 0.68 0.82 119.19 0.15 0.26 0.95 0.53 

S3(G) 230.89 0.62 0.77 104.81 0.13 0.28 0.83 0.46 

S4(G) 241.29 0.65 0.80 112.50 0.14 0.27 0.89 0.49 

S5(G) 195.89 0.53 0.63 91.31 0.11 0.19 0.73 0.39 

S6(G) 262.58 0.71 0.86 121.11 0.15 0.28 0.96 0.52 

S7(C) 286.72 0.77 0.96 136.13 0.17 0.35 1.07 0.60 

S8(C) 255.16 0.69 0.84 120.95 0.15 0.28 0.96 0.53 

S9(C) 259.03 0.70 0.85 122.69 0.15 0.28 0.97 0.53 

S10(C) 304.14 0.82 1.01 143.82 0.18 0.36 1.14 0.63 

S11(C) 305.55 0.83 1.03 142.22 0.17 0.38 1.12 0.60 

S12(W) 274.50 0.74 0.91 129.05 0.16 0.31 1.02 0.56 

S13(W) 295.54 0.80 0.97 137.94 0.17 0.32 1.10 0.60 

S14(W) 287.74 0.78 0.95 135.22 0.17 0.32 1.07 0.60 

Mean 263.83 0.71 0.87 123.36 0.15 0.30 0.98 0.54 

B1(G) 239.95 0.65 0.81 109.76 0.13 0.29 0.87 0.46 

B2(G) 261.82 0.71 0.86 123.50 0.15 0.28 0.98 0.53 

B3(G) 244.90 0.66 0.82 113.19 0.14 0.29 0.90 0.49 

B4(G) 269.87 0.73 0.89 125.53 0.15 0.30 1.00 0.53 

B5(G) 269.16 0.73 0.90 124.00 0.15 0.33 0.99 0.53 

B6(G) 287.63 0.78 0.95 134.88 0.17 0.32 1.07 0.60 

B7(C) 296.04 0.80 0.98 139.30 0.17 0.34 1.10 0.60 

B8(C) 248.05 0.67 0.83 116.20 0.14 0.30 0.92 0.49 

B9(C) 224.35 0.61 0.74 105.40 0.13 0.24 0.84 0.46 

B10(C) 270.96 0.73 0.90 127.62 0.16 0.32 1.00 0.56 

B11(C) 290.94 0.79 0.97 136.57 0.17 0.34 1.08 0.60 

B12(W) 256.78 0.69 0.85 121.01 0.15 0.29 0.96 0.53 

B13(W) 206.09 0.56 0.67 96.99 0.12 0.21 0.77 0.42 

B14(W) 234.31 0.63 0.76 110.84 0.14 0.24 0.88 0.49 

Mean 257.63 0.70 0.85 120.54 0.15 0.29 0.95 0.52 

Rec-
ommended 

Values 

370 1.0 1.0 55 0.46 1.0 1.0 0.29×10-3 
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Table 5: Comparison of specific activities of radionuclides 

in soil uses as the starting materials to make the bricks in 
Bangladesh with those in other countries 

 

Country 226Ra 232Th 40K Ref
er-
ences 

Soil 

Present 
study 

59.76
±6.47 

89.02
±9.5 

999.64 
±143.6

5 

 

Australia 62.9 162.8 403.3 [27] 

China 44 47 593.1 [28] 

Egypt 13 6 433 [29] 

Pakistan 46.5 60.8 698.6 [30] 

India ( 
South-west) 

50±1
2 

58±1
0 

380±6
1 

[20] 

Brick 

Present 
study  

58.44 
±5.61 

86.26 
±8.15 

982.03 
±118.8

5 

 

Italy  20±2 
−110

±9 

25±2 
−97±

8 

160±1
0 

−680±
60 

[25] 

China 
(Xian)  

58.6±
4.7 

50.4±
3.5 

713.9±
8.2 

[31] 

China 
(Urumqi)  

49.3±
2.9 

44.5±
1.7 

860.4±
65.7 

[32] 

Greece  35±1
1 

45±1
5 

710±1
65 

[33] 

South 
Korea  

33.3 79.8 698 [34] 

Cuba  57±1
6 

12±1
0 

857±7
59 

[35] 

Egypt 
(Qena)  

33±2
0 

37±1
7 

511±1
58 

[36] 

Turkey 
(Manisa)  

42.4 16.1 553.3 [5] 

India 
(South-
West)  

21±4 21±3 290±2
0 

[20] 

India 
(Tamil-
nadu)  

18.3 19.4 238.4 [37] 

Pakistan 
(Punjab)  

58±4 84±5 542±1
8 

[38] 

Bangla-
desh (Dha-
ka)  

43.4±
2.7−45.
9±2.8 

97.1±
6.7−105
.6±7.2 

1550.8
±119.2−1
564.2±12
0.1 

[39] 

Brazil 51.7 65.3 747 [40] 

Recom-
mended 
Values 

35 30 400 [16] 

 

 

4 CONCLUTION 

The activity concentrations of 226Ra, 232Th and 40K 
found in building materials suggest that the use of such 
building materials in the construction of buildings is un-
likely to give rise to any significant radiation exposure (< 
1 mSv per annum) to the occupants. In this respect the 
materials analyzed comply with the parameters outlined 
in the relevant national and international legislation and 
guidance. The natural radioactivity concentrations of 
226Ra, 232Th and 40K were higher than the world average 
values in soil, brick samples. The values of external haz-
ard indices and the radium equivalent activity were lower 
than the global average value; whereas mean absorbed 
dose rate and outdoor annual effective dose were slightly 
higher than the global average value.  
In general, the radionuclide activity concentrations noted 
in the building materials analyzed are comparable with 
the results of similar studies performed in other countries. 
Whereas the results found in the building materials used 
in Bangladesh were higher than those obtained in other 
studies, though such results were still of no radiological 
health significance. 
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