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INTRODUCTION  

Natural radioactivity results mainly from primordial radionuclides, 

such as 
40

K and the radionuclides from the 
232

Th, 
238

U and 
235

U series and 

their decay products. Terrestrial radioactivity and exposure due to gamma 

radiation depend primarily on the geological conditions and appear in 

different quantities in the soils of each region in the world. [1] 

Fertilizers are chemical compounds that provide necessary chemical 

elements and nutrients to the plants. Fertilizers have become essential to the 

agricultural field all over the world. Different types of fertilizers, such as 

phosphate, NPK etc. used for agricultural purposes are essential components 

of agricultural activities that help to increase the crop production and to 

improve the nutrient-deficient properties of lands. 

Fertilizers usually employed in the agriculture contain traces of heavy 

metals and relatively high concentrations of naturally occurring 

radionuclides. Phosphate containing fertilizers have been used worldwide to 

increase the quantities of the micronutrients, which are being continuously 

taken off from the soil due to farming activities. At the same time, the use of 

such fertilizers is the main anthropogenic source of the uranium input in the 

environment (about 73 % of the total input of uranium) [2]. In Jordan, 

Tunisia, Algeria and Israel, phosphate fertilizers containing high uranium 

concentration have been discussed in the literature [3,4].  

Plants take some fraction of the radioactivity present in the fertilizers 

applied to soil. The soil to plant transfer factor is broadly used as one of the 

parameters to estimate the intake of radionuclides through food ingestion. 

Human beings are internally and externally exposed to radioactivity due to 

ingestion of plants raised on fertilized soil and inhalation of rock and 

fertilizer dust.   

Quantities of chemical fertilizers are tested continuously in the 

Radiation and Environmental Protection Department of the Vinča Institute, 
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Belgrade, as a part of the regular inspection of imported goods. The level of 

activity concentration of radionuclides in widely used fertilizers provides 

useful information in the monitoring of environmental contamination. The 

aim of this paper is to assess the implications of extended use of fertilizers 

on the concentrations of natural radionuclides in cultivated soil.  

 

MATERIAL AND METHODS  

The samples of chemical fertilizers imported from different countries 

were investigated. The preparation of samples included weighing and 

placing into the 500 cm
3
 Marinelli beakers [5,6]. Since the purpose of 

measurement is screening, the counting of the samples was conducted 

immediately after preparation, under the assumption that the radioactive 

equilibrium was already achieved in natural state of the sample. The total 

of 140 samples of chemical fertilizers obtained over the period of 1 year 

was analyzed. Samples were measured using a high purity germanium 

detector (HPGe) with relative efficiency of 20 % and energy resolution of 

1.8 keV for the 1332 keV 
60

Co peak. The spectra were analyzed using the 

program GENIE 2000. Counting time interval was 6000 s. The combined 

measurement uncertainty of the results was calculated at the 95 % level of 

confidence (k = 2). The maximum combined measurement uncertainty was 

10 %. 

 

RESULTS AND DISCUSSION 

In all samples of fertilizers, naturally occurring radionuclides 
226

Ra, 
40

K, 
238

U and 
235

U were detected. Activity concentrations of 
232

Th were 

below the MDA. The minimum and maximum values, ranges, as well as 

average values of activity concentrations for all 140 investigated samples, 
are presented in Table 1 along with the average values in the world for the 

same radionuclides in soil [7]. The mean values are presented with the 

standard deviation of the mean value. The obtained concentrations for all 

radionuclides are significantly high especially in some phosphate fertilizers, 

where the concentration of 
238

U exceeded 1 kBq and in some NPK type of 

fertilizers where the main contribution was from 
40

K (over 12 kBq). 
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Table 1. Activity concentrations of radionuclides in fertilizers and soil in the 

world; range and average  

 
Fertilizers Soil* 

226Ra 40K  238U  235U  226Ra 40K  238U  

Range 
[Bq/kg] 

4−393 23−12324 26−1145 1,6−53 1−440 40−1800 0−330 

Average 
[Bq/kg] 87±8 4860±250 220±20 15±1 35 400 35 

* The results taken from reference [7] 

 

 

As it can bee seen, the activity concentration of radionuclides in 

fertilizers exceed the activity concentrations in soil by an order of 

magnitude. The distribution of 
226

Ra, 
232

Th, and 
40

K is not uniform in soil 

[8]. Uniformity in the respect of exposure to radiation has been defined in 

terms of radium equivalent activity (Raeq) in Bq/kg in order to compare the 

specific activity of materials containing different amounts of 
226

Ra, 
232

Th, 

and 
40

K. Also, the external absorbed gamma dose rate ( D ) is another 

valuable parameter in estimation of exposure to ionizing radiation. The 

external gamma absorbed dose rate in the air at 1 m above ground level was 

calculated from the measured activities of 
226

Ra, 
232

Th and 
40

K in all 

samples, assuming that the other radionuclides, such as 
235

U series can be 

neglected as they contribute insignificantly to the total dose from 

environmental background. Radium equivalent activity and external 

absorbed gamma dose rate are calculated using the following relations [8]:  
 

KThRa 077,043,1 CCCRaeq          (1)   

KThRa 042,0604,0462,0 CCCD 


   (2) 

 

where CRa, CTh and CK represent the activity concentrations of 
226

Ra, 
232

Th 

and 
40

K, respectively, Raeq is radium equivalent activity in Bq/kg and D  is 

the external absorbed gamma dose rate in nGy/h. If we observe fertilizers as 

soil, we conclude that in 85 samples Raeq exceeds the recommended value of 

370 Bq/kg set in the OECD report and should not be discarded into the 

environment [9]. The mean external absorbed gamma dose rate for 
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fertilizers is 219 nGy/h. There are 118 out of 140 samples where the 

external absorbed gamma dose rate exceeded 55 nGy/h reported for the soil 

[7].  

In Serbia in average, 120 kg of fertilizers per 1 ha of cultivated soil is 

used during the course of one year [10]. Taking into account that there is 

4.21 × 10
6
 ha of cultivated soil in Serbia, it means that 505.2 × 10

6
 kg of 

fertilizers used yearly on that surface. Since mobility of radionuclides in 

soils may vary strongly depending on soil type and its physical and 

chemical properties, we estimate that the layer of soil 10 cm thick is of the 

interest. If the soil density is approximately 1 g/cm
3
 total mass of cultivated 

soil is 4.21 × 10
12

 kg. According to this, the concentration of fertilizer in the 

soil is 0.012 %. That means that the fertilizers contribute to the Raeq and D  

(if the maximum values are used in calculation) 0.1 Bq/kg of 
226

Ra, 1.5 

Bq/kg of 
40

K, while there is no contribution from the 
232

Th. Although the 

bulk of fertilizers represents a significant source of naturally occurring 

radionuclides, due to dilution of fertilizer in soil the impact of fertilization 

on the radioactivity of the soil is negligible. 

 

CONCLUSION 

A total of 140 samples of different types of fertilizers were measured 

for their radioactivity content using gamma spectrometry technique in order 

to assess the implications of extended use of fertilizers on the concentrations 

of natural radionuclides in cultivated soil. The obtained data show that the 

activity concentration of naturally occurring radionuclides in fertilizer 

samples were 87 Bq/kg, 4860 Bq/kg and 220 Bq/kg for 
226

Ra, 
40

K and 
238

U, 

respectively, which exceeds the activity concentration in soil by an order of 

magnitude. As it was shown in the paper, the use of fertilizers has a 

negligible effect on Raeq and D  in soil due to dilution of fertilizer used on 

the large amounts of cultivated soil. However, the long term application of 

these fertilizers can have the effect of an accumulation of radioactivity in 

soils that can be harmful for the health of farmers and consumers of the 

products. 
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The fertilizers are essential in agriculture as they supply nutrients to 

the farming fields. One of the sources of radioactivity other than those of 

natural origin is mainly due to extensive use of fertilizers. The 

concentrations of natural radionuclides, 
40

K, 
226

Ra, 
238

U and
 235

U in different 

chemical fertilizers, which are part of the regular control of imported goods 

from the border crossing were analyzed using gamma spectrometry with a 

high purity germanium (HPGe) detector, relative efficiency 20 %, in order 

to assess the implications of the extended use of chemical fertilizers. 

Measurements were performed at Vinča Institute, Radiation and 

Environmental Protection Department.  

The obtained results show remarkable wide variations in the 

radioactivity contents of different samples. The mean (ranges) of specific 

activities for gamma activity of those fertilizer samples for 
40

K, 
226

Ra, 
238

U 

and
 235

U are 4857 (23 – 12 324) Bq/kg, 87 (4 − 393) Bq/kg, 220 (26 − 1145) 

Bq/kg and 15 (1.6 − 53) Bq/kg, respectively. The radium equivalent activity 

(Raeq) as well as the external absorbed gamma dose rate ( D ) for all samples 

was also calculated.  
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