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ABSTRACT 
 

     The natural radioactivity of 40K, 226Ra, 232Th and the fallout of 137Cs in 
rocks and soils samples collected around Juban town in Yemen (south west 
of Asia) were measured. Concentrations of radionuclides in samples were 
determined by gamma-ray spectrometer using HPGe detector with specially 
designed shield. The average radioactivity concentration of 226Ra, 232Th, and 
40K were determined expressed in Bq/Kg. The results show that these 
radionuclides were present in concentrations of (53.6±4 Bq/kg, 127±6.7 Bq/kg 
and 1742.8±62 Bq/kg), (55±4 Bq/kg, 121±6.6 Bq/kg and 2341±78 Bq/kg), 
(212.8±8.7 Bq/kg, 109 ±5.5 Bq/kg and 32.4±4.7 Bq/kg) and (32.1±3 Bq/kg, 
22.3±2.9 and 190.9±15 Bq/kg) for granite, gneiss, siltstone and sandstone 
rocks respectively. For soil the corresponding values were 44.4±4.5 Bq/kg, 
58.2±5.1 Bq/kg and 822.7±31 Bq/kg. Low deposits of 137Cs were noted in 
investigation area, where the activity concentrations ranged from 0.1±0.1 
Bq/kg to 23.2±1.2 Bq/kg. The data were discussed and compared with those 
given in the literature.  
  
 Keywords: radioactivity, rock, soil, radiological effects, radium equivalent, 
external hazard index, absorbed dose.  

 
INTRODUCTION 

 
      Studies and survey of natural environmental radiation are of great importance and interest 
in health physics not only for many practical reasons but for more fundamental scientific 
reasons. The progressive development of the nuclear industry and other contaminating 
technologies necessary widespread and ever-increasing use of radiation and radioactive 
isotopes make it absolutely necessary to evaluate the background of natural radiation in order 
to detect humanly manufactured contamination to protect the population and the environment. 
At the same time, since natural radiation is the main source of human exposure, studies of the 
dose from this source and its effects on health improve the understanding of radiation damage 
and, therefore, are of great value as a reference when standards and regulatory control actions 
on radiation protection are established. 
    
      Natural radioactivity arises mainly from the primordial radionuclides, such as 40K, and the 
radionuclides from 238U and 232Th series and their decay products, which are present at trace 
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levels in all ground formations[1]. The knowledge of concentrations and distributions of the 
radionuclides in these materials of the radionuclides are of interest since it provides useful 
information in the monitoring of environment radioactivity. Gamma radiation emitted from 
naturally occuring radioisotopes, also called terrestrial background radiation, represents the 
main external source of irradiation of the human body. Natural environmental radioactivity 
and the associated external exposure due to gamma radiation depend primarly on the 
geological and geographical conditions, and appear at different levels in the soils of each 
region in the world[2,3]. 
    
      Measurements of the levels of natural background level of the radioactivity from 226Ra 
and  232Th (and their decay progeny), as well as the primordial radionuclide 40K are the main 
objective of the current study. In addition, measurements of activity arising from decays of 
the artificially created fission product 137Cs have been made in parallel.     
                                              

EXPERIMENTAL 
 
1-1 Geological setting 
 
        The Republic of Yemen is located in the southern sector of the Arabian Peninsula 
(Fig.1).  Juban town area (~ 55Km2) is located some 220 Km southeast of sana'a and 
located between Lat. 13057' and 14004'N and long. 44047' and 44057'E (Fig 1), the area 
around Juban town constitutes three main lithologic rock units: gneissic granites and 
granitoids of Precambrian age, cretaceous sandstones and tertiary volcanics [4.5]. Tertiary 
volcanic comprise basalt flows, ignimbrites and tuffaceous rocks. Field data reveal 
unconformable and fault contacts between cretaceous sandstone and Precambrian gneissic 
granite. Cretaceous sandstone rested as an unconformable contact on the Precambrian 
granite-gneissic granite. The faults occurring in Cretaceous sandstone may be reactivated 
basement structures. Precambrian basement includes granites and gneissic granite giving 
rise to discordant intrusive sharp contact [6]. 
 
1-2 Sampling and sample preparation: 
 
    A total of 14 rocks and 16 surface soil samples have been collected randomly from the 
studied area. Rock sample was crushed to small pieces and ground to powder. Soil 
samples were collected with the only constraint that no sampling site should be taken close 
to a field boundary, a road,       a tree or other obstruction.  Surface soils were then taken 
from different places within the marked and cleared area from the ground surface up to 2 
cm, and mixed together thoroughly in order to obtain a representative sample of that area.  
Each sample (rock/soil) was dried in an oven at 1050C and sieved through a 100 mesh 
which is the optimum size enriched in heavy mineral [7]. The samples were packed in 
plastic containers dimensions of 75 mm in diameter and 90 mm height. The samples were 
weighed and stored for a minimum period of one month to allow daughter products to 
come into radioactive secular equilibrium with their parents 226Ra and 232Th and then were 
counted for 480-720 min depending on the concentration of the radionuclides.  
 
1-3 Experimental setup: 
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     Each sample was measured with a gamma-ray spectrometer consisting of an HPGe 
setup and multichannel analyzer 8192 channel. The detector used is coaxial closed end, 
closed facing window geometry with vertical dipstick (500-800 µm). The HPGe detector 
is p-type with the following specifications: resolution (FWHM) at 122 KeV, 57Co is 
1100eV and at 1.33 MeV 60Co is 2.00 KeV – relative efficiency at 1.33 MeV 60Co is 30℅. 
The detector is shielded in a chamber of four layers starting with plexiglass (10 mm thick), 
copper (30 mm thick), lead (100 mm thick) and finally cadmium (3 mm thick). This shield 
serves to reduce different background radioactivity. 
     
      The emitted X-rays from lead, which contains radioactive impurities due to antimony 
impurities, can be absorbed by lining the inside of the shield with a graded layer of 0.05 
inch cadimium and 0.25 inch perspex [8]. To minimize the effect of the scattered radiation 
from the shield, the detector is located in the center of the chamber. Then the sample was 
placed over the detector for at least 10 h. The spectra were either evaluated with the 
computer software program Maestro (EG&G ORTEC), or manually with the use of a 
spread sheet (Microsoft Excel) to calculate the natural radioactivity. 226Ra activity of the 
samples was determined via its daughters (214Pb and 214Bi) through the intensity of the m 
¼k 
 
      KeV,for 214Bi gamma-lines. 232Th activity of the sample was determined from the 
daughters (228Ac), (212Pb) and  (208Ti) through the intensity of 209.25 KeV, 338.32 KeV, 
911.2 KeV, 968.97 KeV �-lines for (228Ac), (212Pb) emissions at 238.63 KeV and (208Ti) 
emissions at 583.19 KeV, 2614 KeV gamma-lines. 40K activity determined from the 
1460.7 KeV emissions gamma-lines and 137Cs activity determined from the 661.1 KeV 
emissions gamma-lines.  
      
      The total air absorbed dose rate (nGy.h-1) due to the mean activity concentrations of 
238U 232Th and 40K (Bq/kg) can be calculated using the formula of Beck et al [13] and 
UNSCEAR [14]. 
             

D=0.429AU + 0.666ATh + 0.042Ak                                 
 
      Where; AU, ATh and AK are the mean activity concentrations of 238U, 232Th and 40K, 
respectively, in (Bq/kg). Beck et al. (1972), derived this equation for calculating the 
absorbed dose rate in air at a height of 1.0 m above the ground from measured 
radionuclides concentrations in environmental materials. 
    The results for radium equivalent activity, representative level index Ir, external hazard 
index Hex and the calculated dose rate in air at 1.0 m above the ground of the present work 
and other studies are presented in Table 2. The mean absorbed dose rates are 173.3 nGy/h, 
195.9 nGy/h and 161.9 nGy/h for granite, gneiss and siltstone respectively, these values 
are higher than the estimate of average global terrestrial radiation of the range 24-160 
nGy/h reported by UNSCEAR (2000)[15]. The corresponding values are 41.8 nGy/h and 
89.45 nGy/h for sandstone rocks and surface soil. These values agree with the worldwide 
average concentrations of these radionuclides in soils.  
  

RESULTS AND DISCUSSION 
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      A summary of measurement for the activity concentration (Bq/kg) of the natural and 
anthropogenic radioactivity levels in rocks and soils in the environs of Juban town due to 
226Ra, 232Th, 40K and 137Cs are given in table (1). The table also lists the type of rock.  
 

Table 1 Activity concentrations of 226Ra, 232Th, 40K and 137Cs (Bq/kg) of rocks and 
soils samples. 
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Fig. 1 describes the distributions of 137Cs in these samples. 
      

 
 

Fig.1. Distribution of 137Cs in soils. 
 

CONCLUSIONS 
 

      Natural radioactivity levels and the fallout of 137Cs in rocks and soils in the environs of 
Juban town in Yemen have been measured using gamma-spectrometry system and the 
exposure rates have been estimated. The results show that the highest concentration values 
of 226Ra, 232Th and 40K were found in granite and gneiss rocks, whereas the lowest values 
found in sandstone rocks.  For soils the activity concentration of 226Ra and 232Th agree 
with the worldwide average concentrations of these radionuclides in soils except 40K 
which was higher than the values reported by UNSCEAR (2000).On the other hand 137Cs 
was noted in soils. 
       
      The results indicate that the dose rate at 1 m above the ground from terrestrial sources 
in rocks samples under investigation were 173.3 nGy/h, 195.9 nGy/h and 161.9 nGy/h for 
granite, gneiss and siltstone respectively, these values are higher than the estimate of 
average global terrestrial radiation of the range 24-160 nGy/h reported by UNSCEAR 
(2000). The corresponding values are 41.8 nGy/h and 89.45 nGy/h for sandstone rocks and 
surface soil. These values agree with the worldwide average concentrations of these 
radionuclides in soil 
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