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Abstract 

In this study, 226Ra, 232Th, 40K (natural) and 137Cs (artificial) concentrations of greenhouse soils 

collected from Gazipasa region were determined by Gamma Spectroscopy technique using High 

Resolution Germanium Detector (HPGe). Radioactivity concentrations of soil were correlated 

with soil physical and chemical characteristics and soil total metal concentrations. It was 

determined that 226Ra activities of greenhouse soils were in between 30,67 – 55,84 (37,76) Bq / 

kg, 232Th activities were in between 25,37 – 43,36 (36,20) Bq / kg, 40K activities were in between 

314,71- 691,79 (559,56) Bq / kg and 137Cs activities were in between 0,55 – 7,62 (2,45) Bq / kg. 

The calculated terrestrial gamma dose rate (D), radium equivalent activity (Raeq) and average 

annual effective dose equivalent (AED) from these sources were 63,26 nGy / h, 132,62 Bq / kg 

and 77,58 µsv /y respectively. Some correlations among the soil charactersitics and radioactivity 

were recorded. As a result, the dose amounts produced by the soil samples were well below the 

permissible levels determined by the IAEA, indicating greenhouse soils would not cause any 

radiological risk for the human being.  
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Introduction 
In last decades, radioactive contamination of agricultural soils is become to major 

environmental problems due to the fact of natural radioactive elements occurs in the soil and 

artificial radioactive elements.  Radioactivity can be found in the soil, water and food items of man 

and animal. In the soil system the concentration of natural radionuclides depends on the rock 

material type from which the soil is originated and contamination sources. The amount of 

radionuclides in the soil mostly depends on its characteristics organic matter content, soil to water 

ratio, site characteristics, rate and amount of rainfall and soil drainage [1]. On the other hand, 

intensive use of fertilizers in the production of agricultural products, cause pollution of lands and 

deterioration of the natural balance. Fertilizers with different geological origin may contain various 

heavy metals and radioactive elements (238U, 226Ra , 210Pb and 210Po) are considered as a potential 

source for global transport of these materials [2]. Long-term application of phosphated fertilizers 

and by-products to the soil enriches the content of fluorine, heavy metals and radioactive elements 

in the soils, and accumulation of these materials in plants can cause serious health risks by entering 

the human food chain. Since agricultural products have an important contribution to the internal 

dose to which human beings are exposed through the food chain, in this study we aimed to 

determine 226Ra, 232Th, 40K and 137Cs radionuclide contents in Gazipasa region greenhouse soils in 
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terms of sustainability of agricultural production and mapping of radioactivity distributions and to 

form a radiological database. 

Materials and Methods  
Sampling and Sample preparation  
Greenhouse soil samples were collected from 6 different basins of Gazipasa. Greenhouse soil 

samples were taken at a depth of 10-20 cm and these were air-dried, sieved (< 2 mm) and stored 

in polyethylene bags sealed awaiting analysis. The sieved samples were then filled into 

hermetically sealed 150 ml plastic beakers, labeled, weighed and stored for about four weeks in 

order to reach secular equilibrium between 226Ra and 222Rn prior to counting. 

Instrumentation: system and detector calibration 

Radioactivity measurement was conducted by HPGe gamma-ray detector [3, 4]. Data acquisition 

and analysis were carried out with MAESTRO32 software. A mixed calibration source, emitting 

gamma rays in the energy range between 47 and 1836 keV was used for efficiency calibration with 

the same geometry as the samples.  

Radioactivity measurements and dose calculations  

All samples were placed to the front face of the detector and counted for 50,000 s. Background 

intensities were obtained with an empty beaker for 50,000 s under the same conditions before and 

after measurement of the samples. 226Ra and 232Th activity concentrations were determined from 

their daughter products indirectly while 137Cs and 40K were determined directly by their gamma 

ray peaks. The gamma-transitions of 351.9 keV 214Pb and 609.3 keV 214Bi were used to determine 

the concentrations of 226Ra. The gamma-transition of 911.2 keV 228Ac was used to determine the 

concentration of 232Th. 661.66 keV and 1461.0 keV gamma-transitions were used to determine the 

concentration of 137Cs and 40K respectively. The activity concentration of the radionuclides in the 

analysed samples was calculated by the following well-known equation: 

A=N/(ε×P×t×m) 

where N is the net counts under the full energy peaks, ε is the detector efficiency of the specific 

energy, P is the probability of gamma decay, t is the counting live-time (s), m is the mass of sample 

(kg).  

Gamma dose rate (D)  
The absorbed gamma dose rate in the air at 1 m above the ground surface (D in nGy/h) for the 

uniform distribution of radionuclides (226Ra, 232Th and 40K) in the ground was computed by the 

following equation of UNSCEAR [5]. 

D=0.462×ARa+0.621×ATh+0.0417×AK 

where, ARa, ATh and AK are the concentrations of 226Ra, 232Th and 40K in Bq/kg, respectively.  

Radium equivalent activity (Raeq) 

Under the assumption that 370 Bq/kg 226Ra or 260 Bq/kg 232Th or 4810 Bq/kg 40K produces the 

same gamma dose rate [6], Raeq of the samples was calculated with the following equation [6]: 

Raeq=(AK×0.077)+(AU)+(ATh×1.43) 

where AK, AU and ATh are the activity concentrations of 40K, 226Ra and 232Th, respectively 

 

External hazard index (Hex) 

In order to check whether the permitted dose equivalent limit of 1 mSv/yr ICRP 60 [7] was 

exceeded or not, the Hex were also calculated with the following equation [8]: 
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Hex=(AU/370)+(ATh/259)+(AK/4810) 

where AK, AU and ATh are the activity concentrations of 40K, 226Ra and 232Th, respectively. 

Internal hazard index (Hin)  

Besides the external irradiation, radon and its short-lived products are also hazardous to the 

respiratory organs. The internal exposure from radon and its daughter products is quantified by the 

Hin which is given by the following equation [9]: 

Hin=(AU/185)+(ATh/259)+(AK/4810) 

where AK, AU and ATh are the activity concentrations of 40K, 226Ra and 232Th, respectively. 

Annual effective dose (AED) 

 In order to estimate the annual effective dose rates to human body, 0.7 Sv/Gy and 0.2 were used 

for conversion factor and the outdoor occupancy factor respectively, published by the [5]. The 

annual effective dose [10] is given by the following equation: 

AED(mSv/yr)=D(nGy/h)×8760(h/yr)×0.2×0.7(Sv/Gy)×10−3. 

Soil Analysis 
Electrical conductivity (EC) and pH were measured a soil:water ratio of 1:2. Cation exchange 

capacity (CEC) was determined by 0.1 M NN4AoC extraction; CaCO3 content was determined by 

the calcimeter; organic carbon was measured by wet oxidation; and texture was determined by 

Bouyoucos hydrometer method. For the etermination of ‘total’ heavy metal concentrations, soil 

samples were digested in aqua regia (1:3 HNO3/HCl) and HCLO4 according to the international 

standard [11] International Standard). Total Fe, Zn, Mn, Cu, Cd, Pb, Ni, Cr and As concentrations 

of greenhouse soil samples were analysed using ICP-MS under optimised measurement 

conditions, and values were adjusted for oven dried (12 h at 105 °C) material. 

Statistical Analysis 
Basic variance analysis and correlations among the parameters were  performed by using SPSS-

23 software. 

 

Results  
Measurement results of the soil samples indicate the existence of natural 226Ra (238U), 228Ac 

(232Th), 40K and artificial radionuclides 137Cs (from the Chernobyl accident and other nuclear 

activities). Summary of the statistics for the activities is presented in Table 1.  
 

Table 1. Radioactivity concentrations of greenhouse soils of Gazipasa Region (in Bq kg-1 ) 

 
226Ra 232Th 40K 137Cs 

KAHYALAR-1 33,99 34,95 691,79 2,96 

KAHYALAR-2 34,22 25,37 314,71 1,87 

MERKEZ 40,87 38,90 526,12 7,62 

COBANLAR 30,99 43,36 560,55 1,07 

MUZKENT 30,67 36,62 573,14 0,55 

MACAR 55,84 38,01 691,06 0,65 
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The activity concentrations of 226Ra ranged from 30,67 to 55,84 Bq/kg, of 232Th ranged from 25,37 

to 43,36 Bq/kg, of 40K ranged from 314,71 to 691,79  Bq/kg and of 137Cs ranged from 0,55 to 7,62 

Bq/kg. The highest 226Ra and 40K activity concentrations investigated in sample (Macar) were 

55,84 Bq/kg, and 691 Bq/kg respectively. Whereas the highest 232Th and 137Cs activity 

concentration investigated in sample (Cobanlar and Merkez) were 43,36 Bq/kg, and 7,62 Bq/kg 

respectively. For 226Ra and 137Cs sample (Muzkent), for 232Th and 40K sample (Kahyalar) 

demonstrate the lowest concentrations. According to measurement results, while Merkez and 

Macar samples show concentrations of 226Ra above 35Bq/kg, only Kahyalar samples’ 228Ac and  
40K  consantrations below the 30Bq/kg and 400Bq/kg. In general, measured activity concentrations 

are compatible with the results reported from other locations in Turkey and the world given in 

Table 2. 
Table 2. Radioactivity concentrations of agricultural soils (in Bq kg-1 ) 

Country 
226 Ra 232 Th 40K Literature 

Turkey 29 22 464 [12] 

Greece 16 55 305 [13] 

Hong Kong 59 95 530 [14] 

India 57 87 143 [15] 

Pakistan 51 59 665 [16] 

Serbia 60 49 379 [17] 

Yugoslavia 39 53 554 [18] 

Bosnia and Herzegovina 32 32 331 [19] 

Italy 79 48 640 [20] 

World mean 35 30 400 [5] 

 

The calculated (D) gamma dose rates values obtained in this study (with an average 63,26 

nGy/h) are in between the 10 and 200 nGy/h range. The calculated radium equivalent activity 

(Raeq) average  132,62 Bq/kg and annual effective dose average 77,58 µsv /y are quite lower than 

the world wide average values (370 Bq/kg and 460µSv/y) [5]. Hin and Hex values of all sample are 

less than unity. Radiological risk parameter of the greenhouse soil samples collected from different 

basins of Gazipasa region are presented in Table 3. 

 
Table 3. Radiologic risk parameters of agricultural soils 

  Minimum Maximum Mean 

D (nGy/h) 44,69 78,22 63,26 

Raeq (Bq/kg) 94,73 163,41 132,62 

AED (µSv/y) 54,80 95,93 77,58 

Hin 0,35 0,59 0,46 

Hex 0,26 0,44 0,36 
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Table 4.  Some physical and chemical characteristics of Gazipasa soils 

 
CaCO3, % pH EC, dS/m OM, % 

CEC, 

meq/100 g 
Sand, % Silt, % Clay, % 

KAHYALAR-

1 
1,72 7,29 2129 0,34 3,87 18,28 11,51 32,66 

KAHYALAR-

2 
4,85 7,63 1230 0,20 3,38 24,60 10,35 37,78 

MERKEZ 7,05 7,43 1166 0,19 3,39 21,10 9,32 43,12 

COBANLAR 0,70 7,27 1227 0,20 3,31 35,90 9,26 40,05 

MUZKENT 2,80 7,34 816 0,13 4,10 18,30 11,30 46,81 

MACAR 1,80 7,46 1072 0,17 1,80 24,00 9,90 38,20 

 

According to some soil physical and chemical paramaters, Gazipasa soils has generally low 

CaCO3, sligtly alkaline reaction,  low and moderate conductivity, low organic material, low CEC 

level and silty loam texture. 
  

Table 5.  Total heavy metal concentrations of Gazipasa soils 

 Fe Zn Mn Cu Cd Pb Ni Cr As 

KAHYALAR-

1 
12,037 4,237 27,305 8,643 0,023 6,595 0,542 0,990 0,192 

KAHYALAR-

2 
10,952 15,118 7,667 5,845 0,020 7,645 0,922 0,660 0,108 

MERKEZ 14,180 5,720 9,185 7,075 0,025 10,365 0,715 1,279 0,350 

COBANLAR 11,735 2,835 20,165 8,790 0,035 11,920 1,156 0,700 0,140 

MUZKENT 9,395 1,880 4,600 9,750 0,010 7,150 0,693 0,984 0,180 

MACAR 9,030 10,045 19,550 12,205 0,020 2,760 0,628 0,885 0,465 

 

The concentrations of total heavy metal concentrations of Gazipasa soils with the exception of As 

were found below the permissible soil metal limits. For the soil Fe and Mn concentrations no 

regulated limit values were set. 

There were positive correlations between CaCO3 concentration and 137Cs activity concentration 

(rCaCO3 =0.924  n=6 p=0.001)  and negative correlations between OM concentration and 226Ra 

activity concentration (rOM =-0.879  n=6 p=0.05).  

There were positive strong correlations between between Total As concentration and 226Ra activity 

concentration (rAs =0.927  n=6 p=0.01), Total Fe concentration and 137Cs activity concentration 

(rFe =0.888  n=6 p=0.01). Also positive correlations were found to be in between Total Cu 

concentration and 40K activity concentration (rCu =0.801  n=6 p=0.05), Total Cr concentration and 
137Cs activity concentration (rCr =0.754  n=6 p=0.05). On the other hand, negative correlation was 

detected between between Total Zn concentration and 232Th activity concentration (rZn =-0.754  

n=6 p=0.05).  
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Discussion  
In this study, greenhouse soil samples of Gazipasa region were analyzed for radioactivity due to 
226Ra, 228Ac, 40K and 137Cs isotopes. Since the presence of 137Cs, points the on-going effect of the 

Chernobyl accident in the region. The radioactivity levels in samples were found to be in the range 

of those published in Turkey so far. Two possible sources of relatively high radionuclide 

concentrations are considered as fertilizers used and mineral deposits in the vicinity of the region. 

The calculated (D) gamma dose rates values obtained in this study are in between the 10 and 200n 

Gy/h range. Similarly calculated radium equivalent activity (Raeq) with average  132,62 Bq/kg and 

annual effective dose with average 77,58 µsv /y are lower than the world wide average values (370 

Bq/kg and 460µSv/y) which means that the radiation hazard is insignificant for the population 

living in the investigated area.  

Conclusion  
Although the radiological risk parameters are below the recommended limit values, radioactivity 

concentrations of greenhouse soils are above the world average and it is important to keep the 

greenhouses, where a significant portion of our food needs are produced, under control at regular 

intervals, considering that these values will increase further in the future due to the use of 

agrochemicals or other inputs. 
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