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ABSTRACT 

The activity concentration of naturally occurring radionuclides 40K, 226Ra and 232Th have been measured in different 
brands of fertilizer samples in Saudi Arabia using sodium iodide gamma spectrometry. The results of measurements 
showed that the mean (ranges) of specific activities for 226Ra, 232Th and 40K activities in the nitrogen, phosphorus and 
potassium fertilizers are 64 (35.8 - 120.7), 17 (3.2 - 56.8) and 2453 (744.9 - 4227.1) Bq/kg, respectively. With respect to 
organic fertilizers under investigation, the average radioactivity of 226Ra, 232Th and 40K are 42, 10 and 333 BqKg−1, re- 
spectively. Radium equivalent activity is not exceed 370 Bq/kg, the maximum permissible limit for radiation dose for 
all present samples. Average values of the three natural radionuclides measured in the brands of fertilizers used in Saudi 
Arabia are within the range of values reported in several other countries. This study could be useful as baseline data for 
radiation exposure to fertilizers and their impact on human health. 
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1. Introduction 

In order to reach high agricultural productivity, the pre- 
sent practice of replacing nutrients in soils and conse- 
quently supplying substances is done by the application 
of chemical fertilizers, mostly compounds commercially 
named NPK (nitrogen (N), phosphorus (P) and potassium 
(K)) and NPKs (sulfate based fertilizer), the phosphorus 
portion is taken from phosphate rocks, which contain en- 
hanced concentration of natural radionuclides, [1,2]. So, 
fertilizers redistribute naturally occurring radionuclides 
at trace levels throughout the environment and become a 
source of radioactivity, this phenomenon may result in 
potential radiological risks owing to external exposure 
during resident time in the farms and internal exposure 
through ingestion of food grown on fertilizer soils, [3]. 
The use of different types of fertilizers in the agricultural 
sector for the purpose of enhancing crop yield has be- 
come very common nowadays, fertilizers are usually 
used in reclaiming the land and improving the properties 
of crops. Many types of fertilizers are used in Saudi Ara- 
bia like: Super Phosphate, Urea Sulfate, and Ammonium 
Nitrate Sulfate. Using phosphate fertilizers over a period 
of many years could eventually increase the radium and 
uranium content of the soil and consequently increase the 
radiation dose which would result in the corresponding 
increase of the dose and causes diseases for human body, 
[4]. Also, during handling, packing and transporting fer- 

tilizers, some workers can receive additional external 
exposure at dose rates up to 0.8 mGy·h−1 [5]. So it is im- 
portant to measure natural radioactivity in fertilizers and 
by-products, because the high radioactive content may 
lead to significant exposure of miners, manufacturers and 
end users. Furthermore, such measurements provide ba- 
sic data for the estimation of the amount of radioactivity 
spread on agricultural land along with fertilizers. 

Worldwide, several studies have been carried out in 
the vicinities of phosphate fertilizer industries [4,6-8]. 
All the studies mentioned, and others, have assessed the 
radioactive pollution caused by production plants on the 
human population. The main pathways of human expo- 
sure have been published by [9]. 

The aim of the present study is to: 1) determine the ac- 
tivity concentrations of naturally occurring radionuclides 
in a famous fertilizer samples of different brands of NPK 
fertilizer and organic fertilizers, which are available sam- 
ples in Saudi markets, 2) provide a useful information in 
the monitoring of environmental contamination by natu- 
ral radioactivity.  

2. Materials and Method 

Forty five samples of 9 different brands were collected 
from the local market of Al-Taif City, 30 samples che- 
mical and 15 samples an organic fertilizers. The code 
type and other information about these samples are sum- 
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marized in Table 1. All the brands of fertilizer are solid. 
After collection, the samples were ground, pulverized to 
fine powdered material, heated in the oven at 80˚C for 24 
h to remove moisture and then sealed in plastic contain- 
ers to avoid any possibility of out gassing of radon. The 
samples were left a side for a month to allow the attain- 
ment of 226Ra - 222Rn Radioactive equilibrium. The activ- 
ity concentrations of 226Ra, 232Th and 40K for all equilib- 
rium samples were measured by a gamma ray spectro- 
metry using a NaI (TI) detector 3 × 3 inch with a 1024- 
channel computer analyzer. The detector has a peak effi- 
ciency of 1.2 × 10−5 at 1332.5 keV Co-60 and an energy 
resolution (FWHM) of 7.5% for 662 keV, detector em- 
ployed with adequate lead shielding which reduces the 
background radiation. 

3. Theoretical Calculations 

3.1. Calculation the Activity Concentrations 

The specific activity of 226Ra was evaluated from gam- 
ma-ray lines of 214Bi at 609.3 keV and 214Pb at 351.9 keV, 
while the specific activity of 232Th was evaluated from 
gamma-ray lines of 212Pb at 238.6 keV, 228Ac at 911.1 
keV. The specific activity of 40K was determined directly 
from its 1460.8 keV gamma-ray line. Activity calcula- 
tions have been carried out using the procedure given by 
[10] the activity concentrations in each sample were eva- 
luated using the following relation [11,12]:  

 1
 Bq kgS a r sA C P M 

Th K0.077C

             (1) 

where Ca is the net gamma counting rate (counts per 
second), ε the detector efficiency of the specific γ-ray, Pr 
the absolute transition probability of Gamma-decay and 
Ms the mass of the sample (kg).  

3.2. Radium Equivalent Activity (Bq/kg) 

To assess the real activity level of 226Ra, 232Th and 40K in 
fertilizer, a common radiological index has been defined 
in terms of radium equivalent activity (Raeq) in Bq·kg−1 
can be used, provides a very useful guideline in regulat- 
ing the safety standards in radiation protection for a hu- 
man population. The index was calculated through the 
following formula is based on the assumption that 370 
Bq·kg−1 of 226Ra, 259 Bq·kg−1 of 232Th and 481 Bq·kg−1 of 
40K produce the same gamma-ray dose rate [13]: 

 1
eq RaRa Bq kg 1.43C C       (2) 

where CRa, CTh and CK are the specific activities (Bq/kg 
dry weight) of 226Ra, 232Th and 40K, respectively. 

3.3. Absorbed and Effective Dose  

The measured activity of 226Ra, 232Th and 40K were con- 
verted into doses (nGy·h−1 Bq−1·kg−1) by applying the 

Table 1. Some information of the collected fertilizer sam- 
ples. 

Sample code Composition 

F1 20N-20P-20K 

F2 12N-10P-10K 

F3 12N-12P + 2MgO + 6S 

F4 14N-12P-14K 

F5 15N-30P-15K 

F6 20N-20P-20K 

F7 Sheep fertilizer 

F8 Cow fertilizer 

F9 Natural organic 

 
factors 0.462, 0.604 and 0.0417 for radium, thorium and 
potassium, respectively, [14]. These factors were used to 
calculate the total absorbed gamma dose rate in air at 1 m 
above the ground level using the following equation: 

 1

Ra Th K

Absorbed dose nGy h

0.462 0.604 0.0417

D

C C C



  

 
 1 1 6

Outdoor annual effective dose mSv

nGy h 8760 h 0.2 0.7Sv Gy 10D

       (3) 

where CRa, CTh and CK are the activities (Bq·kg−1) of ra- 
dium, thorium and potassium in the samples. To estimate 
annual effective doses, must be taken into account of 1) 
the conversion coefficient from absorbed dose in air to 
effective dose and 2) the indoor occupancy factor. The 
annual effective doses are determined as follows [14]: 

        
 (4) 

Annual estimated average effective dose equivalent 
received by a member is calculated using a conversion 
factor of 0.7 Sv·Gy−1, which is used to convert the ab- 
sorbed rate to annual effective dose with an outdoor oc- 
cupancy of 20% [15]. 

4. Results and Discussion 

The measured concentrations of natural radionuclides 
226Ra, 232Th and 40K in fertilizer samples are shown in 
Table 2. In chemical fertilizers, the concentration of 
226Ra varies from 35.8 to 120.7 Bq·kg−1 with an average 
value of 64 Bq·kg−1, the concentration of 232Th varies 
from 3.2 to 56.8 Bq·kg−1 with an average value of 17 
Bq·kg−1, whereas the concentration of 40K exists in the 
range from 744.9 - 4227.1 Bq·kg−1 with an average value 
of 2453 Bq·kg−1. For the organic fertilizer, the average 
activity of 226Ra, 232Th and 40K are 42, 10 and 333 
Bq·kg−1, respectively. The results showed that the chemi- 
cal fertilizers have the highest emitter of the radiation in 
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Table 2. The activity concentrations of 226Ra, 232Th and 40K 
(Bq/Kg) in chemical and organic fertilizers. 

Activity concentration (Bq/Kg) Fertilizer 
type 226Ra 232Th 40K 

F1 
(29.3 - 67.3) 

45.7 ± 2 
(8.58 - 27.58) 

16.5 ± 7 
(1167.3 - 227.3) 

2373.2 ± 18 

F2 
(45.5 - 87.9) 

63.4 ± 8 
(6.5 - 11.12) 

9.6 ± 0.5 
(788.5 - 2502.9) 

2010.5 ± 23 

F3 
(35.8 - 81.1) 

62.9 ± 8 
(11.51 - 56.81) 

29.1 ± 3 
(2138.1 - 4227. 2)

3076 ± 37 

F4 
(45.5 - 75) 
58.6 ± 7 

(8.35 - 19.48) 
15.2 ± 0.4 

(749.9 - 4127.1) 
3065.7 ± 43 

F5 
(46.4 - 85.2) 

66.4 ± 8 
(12.21 - 37.72) 

22.9 ± 2 
(754.6 - 3175.8) 

2155.2 ± 22 

F6 
(54.9 - 120.7) 

83.9 ± 11 
(3.16 - 14.47) 

9.2 ± 0.4 
(1048.8 - 2959.1)

2038.3 ± 35 

Average 
Value 

64 17 2453 

F7 
(21 - 45.3) 
31.6 ± 1.6 

(3.2 - 9.8) 
6.3 ± 0.3 

(115.2 - 396.3) 
277.3 ± 12 

F8 
(25.8 - 48.6) 
41.1 ± 1.7 

(4.77 - 11.36) 
7.5 ± 0.3 

(135.4 - 523.8) 
284.5 ± 8 

F9 
(45.7 - 70.3) 
54.2 ± 1.3 

(4.95 - 21.31) 
16.9 ± 3 

(135.4 - 523.8) 
410.7 ± 14 

Average 
value 

42 10 333 

 
comparison with the organic samples under study. 

Table 3, presents, the range value of radium equiva- 
lent activity (Raeq) for chemical fertilizers varied from 
224.9 to 349.7 Bq·kg−1 with an average value 275 
Bq·kg−1, and for organic the average value 77 Bq·kg−1, 
therefor, the radium equivalent activity is not exceed 370 
Bq/kg, the maximum permissible limit for radiation dose 
for all samples. So, the results of this study will contrib- 
ute to the national data regarding natural radioactivity 
levels in fertilizers used in Saudi Arabia. 

The absorbed and annual effective dose rates from the 
samples were calculated as shown in Table 3. The mini- 
mum and maximum values of absorbed dose and outdoor 
annual effective dose in the chemical samples studied in 
the present work, were found to vary from 118 nGy·h−1 
to 155 nGy·h−1 with an average value 126 nGy/h, and 
0.13 mSvy−1 to 0.19 mSvy−1 with an average value 0.15 
mSvy−1, respectively. For organic fertilizer the maximum 
value is 77.2 nGy·h−1 and the minimum is 40.8 nGy·h−1 
with an average value is 57 nGy·h−1. The larger value 
given for the absorbed dose rate is of 55 nGy/h (24 - 85 
nGy/h, [16]. A more recent UNSCEAR report gave wide 
range (18 - 93 nGy/h) with an average value of 59 nGy/h, 
[14]. The results showed that absorbed dose rate for the 
chemical fertilizer samples are higher than the world li- 

Table 3. Radium equivalent, absorbed dose and dose equi- 
valent for different samples.  

Sample of  
fertilizer 

Raeq (Bq/Kg) 
Absorbed dose 

(nGy·h−1) 
Outdoor 
(mSv) 

F1 257.5 118 0.15 

F2 240.6 103.7 0.13 

F3 349.7 155.3 0.19 

F4 332.8 155.8 0.19 

F5 245.2 118.7 0.15 

F6 224.9 104.2 0.13 

Average values 
(chemical fertilizers)

275 126 0.15 

F7 40.8 28.6 0.03 

F8 52.3 35.3 0.04 

F9 77.2 51 0.06 

Average values 
(organic fertilizers)

57 38 0.04 

 
mits, but the effective dose rates for all samples were not 
exceed the recommended value 1 mSv. Therefore, all the 
samples analyzed in the present work satisfy the safety 
criterion for general public [17]. Hence, most of these 
samples do not pose much health hazard for the popula- 
tion. 

Figures 1 and 2, describe the average activity of 226Ra, 
232Th, 40K (Bq·Kg−1) and the radium equivalent with ab- 
sorbed dose of different fertilizer used in Saudi Arabia, 
respectively. Table 4 shows average concentrations of 
the radionuclides in our study compared with the re- 
ported values from other countries. It is found that for 
NPK fertilizers the average 226Ra concentration of (64 
Bqkg−1) is the lowest activity concentration values in 
comparison with other reported values concentrations ex- 
cept that of Finland (54 Bq·kg−1). 

The average 232Th concentration of (17 Bq·kg−1) is 
found lower than the reported concentration from Egypt 
(67 Bq·kg−1), India (28 Bq·kg−1), USA (49 Bq·kg−1) and 
Brazil (80 Bq·kg−1), but it is higher than the reported 
concentrations from Saudi Arabia-Reyadh (23 Bq·kg−1), 
Finland (11 Bq·kg−1) and Germany (15 Bq·kg−1). The 
average 40K concentration of (2453 Bq·kg−1) is lower 
than the values reported concentrations from Finland 
(3200 Bq·kg−1) and Nigeria (2729 Bq·kg−1) and higher 
than the other values under comparison.  

5. Conclusion 

Concentrations of 226Ra, 232Th and 40K in thirty five fer- 
tilizer samples collected from Al-Taif city (Saudi Arabia) 
have been measured using gamma spectrometry. Average  
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Table 4. Comparison of activity concentrations of 40K, 226Ra and 232Th in Saudi Arabian samples and other countries. 

Activity Concentrations (Bq/Kg) 
Country Sample 

226Ra 232Th 40K 
Raeq (Bq/Kg) Reference 

Egypt NPK 366 67 4 462 [18] 

India NPK 79 28 1024 198 [19] 

Germany NPK 520 15 720 597 [20] 

Nigeria NPK 143 9 2729 366 [21] 

Brazil NPK 420 80 153 546 [22] 

Finland NPK 54 11 3200 316 [23] 

USA NPK 780 49 200 865 [24] 

Saudi Arabia (Riyadh) NPK 75 23 2059 266 [6] 

Saudi Arabia NPK 64 17 2453 275 Present work 

 

 

Figure 1. Average activity concentrations of 226Ra, 232Th 
and 40K (Bq/Kg) of different fertilizer type from Saudi Ara- 
bia.  
 

 

Figure 2. Average radium equivalent (Bq/Kg) in chemical 
and organic fertilizers used in Saudi Arabia. 
 
concentrations of 226Ra, 232Th and 40K are 64, 17 and 
2453 Bq·kg−1, respectively. These values have been com- 
pared with the world wide reported data. The result 

showed that the highest values presented in chemical 
fertilizers and the lowest values were found in the or- 
ganic fertilizers. Radium equivalent activity for all pre- 
sent samples were below the recommended limits (370 
Bq·kg−1). The obtained results are in good agreement 
with those determined for Riyadh samples. From the cal- 
culated value it is recommended to use organic Fertilizer 
rather than chemicals. 
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