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ABSTRACT 
 

Radionuclide radiation can effect on the human and creature’s health. Currently, soil radioactivity levels of  
Ilam ‘s wheat champs is not clear. To determine the degree of safety it’s necessary to specify the activity levels 
of the mentioned environment for persons. HPGe detector for measuring consistency of activities and in soil 
samples taken from wheat was used in Ilam province. 20 soil samples from Ilam provience from wheat fields 
were collected during Autumn of 2009, spring 0f 2010. From each location of an approximately 10×10  area, 
5 sub samples were collected. The sub sample materials were hipandthigh combined and homogenized.In soil 

samples, the average activity concentrations of Ra226 , Th232 , K40  and Cs137  were found to be 

26.82,13.74,189.29,5.14 1. kgBq (dry weight), respectively. Absorbed dose rate in air (D) for the areas under 

investigation at Ilam provience soil samples are 26.49 nGy/h. Hex and Hin in the present work are lower than 1. 
The average value of Hex  and Hin were found to be 0.14 and 0.27 in wheat filedsl samples in Ilam proviencs, 
respectively. The obtained values of AGDE are 199.39 1. ySv  and the AEDE rate values was found to be 

35.09 1. ySv  in wheat filed samples. 
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Introduction 
 

Soils naturally contain radioactive elements. The 
main radioactive elements in soil are uranium, 
thorium and potassium. Variation and amount of the 
radioactive elements of a soil to another soil are 
related to its Mineral structure and composition of it, 
which can be measured and identified using HPGE 
detector. Because the type and consistency of 
radioactive elements in human’s life environments 
affect on his health, having information about 
radioactivity in soil is important in basic science and 
medicine and the pattern drawing environment to 
determine the pattern of environmental radioactivity 
profile of a place is important[1]. Correlation 
between the dose of gamma radiation from soil and 
geologic underlying structures of an area Also have 
examined many times before in various studies [2,3]. 
Since the natural radioactive materials under certain 
conditions can create dangerous levels of radiation, it 
is felt that the study of natural radioactivity in soil is 
necessary to assess health risks[4,5]. Using the food 
containing radionuclide form a large part of the 
average radiation dose received by different organs 

of the body, on the other hand, radiation safety of 
agricultural products in each area is related to the soil 
in which are produced. Thus one of the major ways 
of the long-term physical injuries caused by ionizing 
radiation in humans can be achieved through 
consumption of agricultural products containing 
radionuclide with high concentrations. [6,7]. In 
addition to natural radionuclide, Due to human 
activities, some of the artificial radionuclide released 
in the atmosphere and they accumulate on the 
ground. This radionuclide absorbed through the soil 
by plants and entered into the life cycles [8-11]. Due 
to the high accuracy method of gamma spectrograph, 
So far, most researches in the world have done by it 
to measure the concentration of radioactive elements 
and the percentage of radionuclide in soil samples, 
rocks and etc., which are used in health science 
studies. From the things that be done in Iran we can 
point to the measurement of natural radioactivity in 
the bricks used in construction of residential 
buildings in Tehran that the samples collected from 
different parts of the city and have been analyzed by 
spectrograph of gamma radiation[12]. Another study 
in Zahedan in the year 2006 by Dr.seyyed Abbas 
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Hosseini took on soil and food. The result of studies 
showed that there is natural Radionuclide in soil with 
different amounts but there’s no danger in the soil in 
terms of disease risk and radioactivity[13]. 

Around the world, besides what is mentioned 
above, these detectors are used to check the 
distribution pattern of radionuclide and their 
concentration that few of these are: 

Measurement of natural radioactivity 
concentrations in collected soil samples Estrambuli 
located in the Mediterranean Sea and the relationship 
of their distribution model and the magnetic field (Of 
course, the simultaneous use of this methods and 
other techniques[14]. Venema L.B in China in 2001 
measured the concentrations of radioactive elements 
in soil samples collected from regions containing 
granit zhyazhing which measured to assess the 
radiological hazards resulting from natural 
radioactivity in the area, And were compared with : 

 Radium equivalent activity (Raeq) 

 Absorbed dose rate )(

D  

 Annual effective dose rate 

 External hazard index ( exH ) 
 
international values[15]. 
In Egypt, Bahi in 2003, a Comparison between 

salt radioactivity levels in sediments of the country’s 
northwest desert and salts packaged in the stores had 
done[16]. The results showed that activity of Desert 
sediments salts is high. Another study was conducted 
on soil in Soria country in 2007. External hazard 
index values in this study were measured and the 
values were between 0.1 to 0.73 [17]. In 2006 K. 
Kan in India did a research on soil .Results of this 
study showed that use of phosphate fertilizers causes 
soil radionuclide levels increased[18]. 
 
Method:  
 
1- Collect  Samples: 
 

After obtaining topographical map and 
measuring wind speed, Geographical coordinates of 
sampling area using a GPS device were recorded. 
Soil of the crop wheat zone from 20 different places 
of cities Saleh Abad, Dehloran, Mehran, Dareshahr, 
Chalsra, Chavar  observing protection Tips and using 
disposable gloves and shovel with the dimensions 40 
*40 cm and 30 cm depth were collected in plastic 
bags. Soils were screened to large rocks and roots 
and stems of plants were taken. Then with the action 
of natural aeration for 4 to 5 days were dried against 
sunlight. For complete drying them, Samples for 48 
hours at a temperature of 200 ° C were placed in the 

oven. Weight of the samples for being homogeneous 
in Marrinli containers was selected of about 950 g. 
To do this, samples were passed through 50 mm 
mesh. Samples were stored for 30 days to establish 
equilibrium of samples situation. 
 
2- Analysis of Samples: 

 
To determine the activity of each sample after 30 

days all samples were placed in germanium 
spectrometer system with  efficiency of 38.5% to 
determine concentrations of natural radionuclide  and 
also artificial radionuclide potassium - 40 and cesium 
137 and the amount and type of radioactive material 
was determined. 
 
3-Calculations:  

 
Detector used in this study, was an ultra pure 

germanium semiconductor detector (HPGe) and 
vertical coaxial P-type with power efficiency of 
38.5% and energy resolution of 920 keV at 
energy122 keV. 

Following calibration of detection system 
performance and determining the minimum 
detectable activity of system, quantitatively analysis 
of prepared samples has been performed. 

Photo peak efficiency for each of the peaks with 
the mentioned energy in the above table can be 
calculated using the following equation: 

 

100*
)(*).(*).(

(%)
.)((%))( SecBq tRBAct

NetArea
  

 
In this equation, ε is the detector efficiency, Act  

radionuclide activities existed in standard sample in 
terms of Bq, BR shows breakaway energy related to 
desired energy in terms of percentage, t the time 
range of the sample and measures the level of Net 
Area under the peaks is desired. to determine the 
average concentration of 226Ra Radionuclide from 
activity of element Pb-214 with peaks in the energy 
of 295.22 (kev) and 351.93 (kev) and Bi-214 element 
in peaks in energy with 609.31 (kev) and the 
activities of 228Ra Radionuclide element Ac-228 
with peaks at energies 911.2 (kev), 968.97 (kev) and 
338.32 (kev) average is taken. 

 
4-Results: 
 

Table 1. Mean concentrations Ra226 in  soil samples 
in this study was compared to values of other 
countries.
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Table 1: Mean concentration values of Ra226
calculated according to 

1. kgBq in soil samples. 
References Ra-226(Bq/kg)SampleCountry 

29 40 Soil UNSCEAR,1988 
21 39.3 Soil Yogoslavia 
24 39 Soil Turkey 
27 38 Soil pakestan 
23 31 Soil India 
23 30.5 Soil India 
27 26 SoilPakestan(lahor) 

Present work 26.82 Soil Total wheat soil samples 
 

Table 2. Mean concentrations Th232  in  soil samples in this study was compared to values of other countries. 
 

Table 2: Mean concentration values of Th232 calculated according to 1. kgBq  in soil samples
 

References (Bq/kg) Th232) Sample Country 
24 40 Soil UNSCEAR,1988 
28 59 Soilpakestan 
27 56 Soil Pakestan(faisalabad) 
21 53 Soil Yogoslavia 
27 51 Soil Pakestan(lahor) 
22 68 Soil stromboli 

Present work 18.74 Soil Total wheat soil samples 
 

Table 3 .Mean concentrations K40
 in  soil samples in this study was compared to values of other countries. 

 

Table 3: Mean concentration values of K40
calculated according to 1. kgBq  in soil samples.

 
References 

 (Bq/kg) K40
 

Sample Country 

24 643 Soil Turkey 
24 580 Soil UNSCEAR,1988 
24 573 Soil  (futina) Turke 
27 570 Soil pakestan 
21 454 Soil yogoslavia 
22 454 Soilstromboli 

29,30 260 Soil UNSCEAR,1982 
23 160 Soli India(kaiga) 
23 152.2 Soli India 

Present work 189.29 Soil Total wheat soil samples 
 

Table 4. Mean concentrations Cs137
 in  soil samples in this study was compared to values of other countries. 

 

Table 4: Mean concentration values of Cs137 calculated according to 1. kgBq  in soil samples.
 

References 
(Bq/kg)) Cs137  

Sample Country 

33 192.3 Soil Kosovo 
24 84.34 Soil Turkey(futina) 
34 23 SoilIran(boshehr)
34 10 Soil Iran(Hormozgan) 
34 9 SoilIran(Khozestan) 

Present work 5.14 Soil Total wheat soil samples 

 
Table 5: levels in the air absorbed dose rate (D) obtained in our study and other global values and comparing them with values of other 

international studies in other countries. 
References D(nGy/h) Sample Country 

33 488 Soil Egypt 
31 124 Soil China 
27 82 Soil Pakestan 
24 77.4 Soil Turkey 
27 75Soil(lahor)Pakestan 
28 73 Soil Pakestan(Faisalabad) 
21 71.5 Soil Yogoslavia 
24 67.2 sediment Turkey(futina) 
29 55 Soil UNSCEAR,1982 
27 49 Soil Pakestan(lahor) 
23 38 Soil India(kaiga) 

Present work26.49 SoilTotal wheat soil samples 
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Absorbed Dose Rate In Air (D): 

 
Natural radionuclide decay in the soil is one of 

the major sources of human exposure in radiation 
glint and this radiation level in soil and in different 
regions is different depending on the content of 
minerals and radioactive elements of that part.  
Gamma radiation dose from natural radiation 
material of the soil is important to population of the 
area in which they live. Absorbed dose rate in air for 
radionuclide has been calculated based on provided 
guidance. [17] 
 
D(nGy/h)=(0.462ARa    + 0.604ATh    +  0.0417AK )    (1) 

 
In which ARa, AK,and ATh  respectively are the 

average activity concentration of  Ra226, 232 Th, and 
K40 in terms of Bq/kg. Change factors of this 
Radionuclide are 0.462, 0.604 and 0.0417. (D) values 
obtained in this study, with the mean value of 18.54 
to 39.51 nGy / h 26.49 in wheat soil samples were 
obtained. 
 

Annual Dose Equivalent on Endocrine AGDE 
(Μsν.Y-1): 
 

Reported by UNSCEAR (2000) effect of 
radioactivity on the marrow and its surface cells is 
interesting. For this reason annual dose equivalent 
applied on endocrine according to the formula 
regarding the concentration of activity Ra226, 232 
Th, K40 is calculated in each sample: 
 
AGDE (μSν.y-1) =3.09 ARa +4.18 ATh+  0.314 AK     (2) 

 
In which ARa, AK,and ATh     respectively are the 

average activity concentration of  Ra226, 232 Th, and 
K40 in terms of Bq/kg  .In this study soil AGDE 
results in samples from the wheat fields of the area 
with the 128.95 to 246.43 1. ySv  with the Average 

199.39 1. ySv  achieved which is lower from both 

results in the Eastern Desert of Egypt (33) means 
2398 and the  Turkey Valley Firtina  with average 
550.5 (24). 

Table 6: Annual dose equivalent actions on endocrine (AGDE (μSν.y-1) for soil samples. 
References AGDE(μSν.y-1 ) Sample Country 
33 2398 Soil Egypet 
24 550.5 Soil Turkey(furtina valley) 
Present work 199.39 Soil Total wheat soil samples 

 
The Annual Effective Dose Equivalent) AEDE 
(Μsν.Y-1): 

 
In order to measure the annual effective dose 

equivalent, conversion coefficients associated with 
the absorbed dose coefficients in the air are used, the 
amount of 0.7 Gy / Sν to convert modified 
coefficients of absorbed dose in air changed to 
effective dose received annually by adults and 0.2 is 
used as external occupation factor. 

 
AEDE (μSν.y-1)=D(nGyh-1). 8766(h/year). 0.2 
.0.7(sv/Gy).10 -3                    (3) 

 
In which ARa, AK, and AThrespectively are the 

average activity concentration of  Ra226, 232 Th, 

and K40 in terms of Bq/kg. Calculation results for 
this study are given in table below. The results of this 

study respectively are 
1. ySv 48.48-22.96 with 

average 35.09
1. ySv  for soil samples of farms that 

are lower than global average that is equal to 70
1. ySv  and Istanbul-turkey that (26)is 69.8 

1. ySv  
and than the average of  granite area Xiazhuang- 

china(31) 152
1. ySv and Southeast of turkey –

Eskishehir (24)314.1
1. ySv . 

 
Table 7: Values calculated AEDE (μSν.y-1) in this study and comparing them with values of other international studies in other countries. 

References AEDE(μSν.y-1) Sample Country 
26 314.1 Soil Turkey(Eskisehir) 
31 152 Soil China 
24 88.7 SoilTurkey (Firtina) 

29,30 70 Soil UNSCEAR,1988 
Present work 35.09 Soil Total wheat soil samples 

 
External And Internal Hazard Index: 

 
To access the equivalent average of annual 

effective dose imposed on the residents of each area, 
external creation symbol for soil samples were 
calculated. This symbol supposed to review samples 
in a completely closed environment with thick walls 

without windows considering the following formula. 
Radiation dose limits for permissible dose equivalent 
is less than1 mSv/y and if the number is multiplied 
by 100, it shows the percentage of people at risk in 
the area. 
 
Hex = ARa /370 + ATh /259+AK  /4810 ≤1               (4) 
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In which ARa, AK,and ATh     respectively are the 
average activity concentration of  Ra226, 232 Th, and 
K40 in terms of Bq/kg  . 

exH Results in soil samples of wheat farms in the 

area range from 0.11 to 0.21 
1. kgBq with 0.14 

1. kgBq mean that should be said none of our sample 

has a high risk value symbol more than 1.

 
Table 8: Values calculated Hex(

1. kgBq in this study and comparing them with values of other international studies in other countries. 

References Hex Sample Country 
33 2.03 Soil Egypt 
31 0.84 Soil China 
26 0.99 Soil Turkey 
27 0.43Soil(lahor)Pakestan 
26 0.42 Soil Pakestan(Faisalabad) 
27 0.47 Soil Pakestan(Islamabad) 
27 0.27 Soil Pakestan(lahor) 
23 0.22 Soil India(kaiga) 

Present work 0.14 Soil Total wheat soil samples 
 

Table 9: Values calculated Hin 
1. kgBq in this study and comparing them with values of other international studies in other countries: 

References Hin Sample Country 
33 2.03 Soil Egypt 
31 0.84 Soil China 
26 0.99 Soil Turkey 
27 0.43 Soil (lahor)Pakestan 
26 0.42SoilPakestan(Faisalabad) 
27 0.47 Soil Pakestan(Islamabad) 
27 0.27 Soil Pakestan(lahor) 
23 0.22 Soil India(kaiga) 

Present work 0.21 Soil Total wheat  soil samples 

 
An important point that it can be noted is that if 

the average size of  Hex is greater than 0.3 , it means 
that the desired region has risk higher than 30 percent 
and  probably the environmental damage is more and 
who are living in that area, must comply with safety 
principles. 

The internal risk creation symbol  shows 
locating  within the exposure of radon and the 
descendants with a short half-life and it shows a 
similar formula with slightly different with external 
risk creation . 
 
Hin = ARa /185 + ATh /259+AK  /4810 ≤1             (5) 
 
Discussion and Conclusion: 
 

Natural radioactivity in Ilam city environment is 
very low and does not cause health risks and almost 
is world-level standards. However, under certain 
circumstances if the natural radioactivity of be more 
than specified amount will create risk. In all the 
samples radium compactness were allowed and in 
this respect there was no risk of ionizing radiation 
effects. It should be necessary to say, allowed global 
standard quantities UNSCEAR; 1988,93 for element 
radium is between 80 to 160 with mean 40 1. kgBq

and standard UNSCEAR; 2000 limit value is 35
1. kgBq . In our study, the mean concentration for 

wheat soil radium equivalent activity was 0.72 ± 
26.82 1. kgBq  which not only our mean amount were 

above the average permitted level of global mean, 
but also none of the data samples  were outside the 
permitted range of the World UNSCEAR; 1988,93 
and these values are low enough to threaten the 
health of the consumer.  For Thorium also the 
allowed global average 40 1. kgBq ; at 1988.93 

UNSCEAR and UNSCEAR; 2000 and range 80-130
1. kgBq ; results of the study  of wheat soil were with 

average 1.12 ± 13.74 1. kgBq ; however its  necessary 

to mention that none of the samples were above the 
higher permitted global range . The world average 
authorized amount of potassium Bq/kg580 at 
UNSCEAR; 1988, 93 and UNSCEAR; 2000 its value 
is equal to 400. For wheat soil samples the average 
potassium concentration 40 1. kgBq , is 11.97 ± 

189.29 1. kgBq and lower than allowed World 

amount UNSCEAR; 1988, 93 .The element cesium 
was observed in all samples, that the main cause of it 
could be the Chernobyl accident and probably 
geographical factors such as land slope and wind 
flow which is due to the existence of Zagros 
Mountains large amounts of elements from the 
incident have been gathering in this area. 

In Nigeria, the natural radioactivity of soil was 
investigated and identified that the elements in some 
parts are in high level (35) and probably high 
radioactivity affects on humans and other creatures in  
this areas. 

In experiments we were faced with the 
limitations and deficiencies such as taking only three 
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sub samples from each environment to determine the 
radioactive materials .It is better to be taken more 
samples. However, we had also restrictions on 
sending samples to determine concentrations with the 
devices. Concentration of radioactive material 
measurement devices only are in Tehran and the 
samples must were taken by meeting standards and 
maintaining appropriate storage conditions. 

Absorbed dose rate in air (D), danger symbol 
creation external (Hex) and internal (Hin),annual dose 
equivalent of imposed on endocrine (AGDE), active 
annual dose equivalent (AEDE) also calculated and 
their average order values with amounts 
recommended by the world were compared Global 
mean value of absorbed dose equal to Air nGy / h 55 
and D levels in our soil samples wheat is nGy / h 
1.14 ± 26.49. All the samples have lower D 
coefficient than global average. obtained  Hex results 
in whet soil samples are in the range of 0.11 to 0.21 
with the average of 0.14 than can be said none of our 
samples have risk creation higher than 1.obtained Hin   

is like Hex should be lower than 1
1. ymSv  that these 

results for whet soil samples are in the range of 0.16 
to 0.34 with the average of 0.21 and no samples like 
Hex have the higher amount of 1. For annual effective 
dose the limited amount considering UNSCEAR is 
70 µSv/y. in this study for the soil samples the 

average AEDE
1. ySv   is Our results respectively are 

22.96-48-48 
1. ySv with the average of 35.09±1.40

1. ySv  for the soil samples that is lower than global 

average of 70
1. ySv . All the samples have AEDE 

average lower that the global average. In this study 
the AGDE results in soil samples of the area from 

128.95 to 246.43 with the average of 199.39 
1. ySv  

were obtained.All the results were compared fully 
with   international values and results of other studies 
in other countries in the world in the previous chapter 
and the result is that natural radioactivity levels in 
this area are not at the range of high risk of morbidity 
and are about international standards. The results of 
this study show that the soil of different area is active 
to cultivation of wheat but comparing them with 
international amounts show that the soil in this places 
have no danger in terms of radioactivity. 

There are some suggestions that existed radio 
isotopes’ and their concentration in soil at least once 
a year be determined and the ways to prevent the 
danger of radioactive materials in different areas be 
studied.  

Also it is suggested that the similar studies be 
done on the other agricultural products in different 
cities of the province.   
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