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Abstract 
 

The use a fertilizers is a common practice in agriculture and several samples have 

radionuclides in their composition, this content is natural but some samples may have 

high concentrations of these radionuclides and this represent a potential radiological risk 

for plants, animals and water. Therefore the radiometric analyses these compounds is 

important and the main aim of this paper is to determine the specific concentration of K-

40, Ra-226 and Ra-228 in fertilizer samples available in market of Rio de Janeiro city and 

discussing the impacts to agricultural soils caused by this practice. The analyzed fertilizer 

samples are of four types: nitrogen, potash, phosphate and NPK, they were analyzed 

using gamma spectroscopy with a HPGe detector and with the LabSOCS software for the 

calculation of the efficiency curve. The specific activities of Ra-226 ranged from 1.48 

Bq/kg to 597 Bq/kg, Ra-228 ranged from 2.66 Bq/kg to 832 Bq/kg and K-40 ranged from 

16 Bq/kg to 13941 Bq/kg. All samples, except two nitrogen fertilizer samples, presented 

the absorbed dose rate in air at 1m above the ground level higher than the estimated 

average global terrestrial radiation of 51 nGy/h and the phosphate fertilizer samples 

presented the highest average absorbed dose rate of 532.5 nGy/h, which indicates a 

greater potential of environmental contamination. But considering a dilution (1:1000) g of 

fertilizer in soil was found an average increase of 0.36 μSv/y at the annual outdoor 

effective dose while the annual average for the soil is of 63 μSv/y, so the risk to human 

health is minimum. 
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1.- INTRODUCTION 

 

Everyone are exposed to natural radiation and as reported by UNSCEAR (2000) some human 

activities and practices involving the use of radioactive substances can increasethe radiation 

exposure, one of these practices is the use of fertilizers in agriculture. Fertilizers are mineral 

or organic compounds aimed at supplying the nutrients necessary for plant development or 

productivity increase. They contain high concentration of elements easily found in nature and 

that are essential for animal and vegetal life. Some kinds of fertilizers have radionuclides, 

such as U-238, Th-232 and K-40, among others, in their chemical composition, due to the 

origin of their raw materials. It is known that fertilizers, mainly phosphate, have 

radionuclidescontents such as U-238 and Th-232, as well as of their decay products, also 

radioactive, thus contributing to the increase of natural radionuclide content in vegetables, and 

consequently of the dose to which consumers are exposed (Zalidis et al., 2002). Therefore, 

know the level of radioactivity in the environment added by the fertilizers is essential to 

calculate its contribution to the annual effective dose to which humans are exposed. 

 

Gamma spectrometry technique is an excellent alternative for radiometric analyzes of 

environmental samples (Malanca et al., 1993). The LabSOCS is a software that makes 

mathematical calibrations in detection efficiency, using Monte Carlo code (MCNP), not being 

necessary to use radioactive sources. This software includes a characterized detector, 

computational algorithms to make the correction of photon energy attenuations of the sample, 

the sample-holder and the detector itself, besides several possibilities of sample-holder 

geometries (Bronson et al., 2003). 

 

The use of fertilizers is a consolidated practice around the world due to the need to produce 

food for a population of more than 7 billion people; therefore there are many studies in 

radiometric analysis of fertilizer samples in the literature but few in Rio de Janeiro city 

covering several brands available in local commerce.  
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The aim of this study is to determine the specific activities of the radionuclides Ra-228, Ra-

226 and K-40 in mineral fertilizer samples marketed in Rio de Janeiro city, using a hyper pure 

germanium detector (HPGe) and the LabSOCS software for the calculation of the detection 

efficiency curve in energy.And estimate the absorbed dose and the effective dose increased by 

the use of these fertilizer samples and analyze their potential for environmental contamination 

and human health damage. 

 

 

2.- MATERIALS AND METHODS 

 

2.1.-Sample Analysis 

A total of thirty mineral fertilizer samples were acquired in the retail market in different part 

of Rio de Janeiro city from thirteen fertilizer brands. They were weighed and sealed in 500 ml 

polypropylene pots (Figure 1) to reach the secular radioactive equilibrium condition (45 

days). The samples were analyzed in natura and were of two types: refined and granular. 

 

 

Figure 1.- Fertilizer samples. 
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2.2.-Gamma Spectrometer 

Radiation spectra were acquired with ahyper pure germanium detector (HPGe), coaxial type, 

N-type, model GC3020with relative efficiency of 30% from Canberra and a shield of the 

same brand, model 747E. The counting time used for sample spectrum acquisition was 28800 

seconds. Energy calibration was performed using three radioactive sources totaling five 

experimental points corresponding to the peaks of 
137

Cs (0.6617 MeV), 
60

Co (1.17 and 1.33 

MeV) and 
152

Eu (0.1218 and 0.3443 MeV). The multichannel system used was DSA 1000 

(Digital Spectrum Analyzer) with 8192 channels, with energy range from 50 keV to 2 MeV. 

To ensure the quality of the analysis a certified reference material of soil (089/ERA) tracked 

by National Institute of Standards and Technology (NIST) was used to generate the detection 

efficiency curve of the measurement system of this study, several energies were considered, 

including the energies used by the present methodology. 

 

The activities concentrations and respective uncertainties were determined according to the 

statistical uncertainties of the peak areas provided by the Genie2000 software. The measure of 

the specific activity and minimum detectable activity (MDA), based on Currie’s derivation, 

were used equations 1 and 2, respectively. 
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Where Aesp is the specific activity, σ is the standard deviation of the count in the background 

spectrum, NL is the net area under the photo peak, m is the sample mass, ε is counting 
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efficiency for a specific energy (γ), Pγ is the probability of emission of the measured gamma-

ray (γ) and t is the counting time. 

 

To localize Ra-226 and Ra-228 the energies 609.3 keV of Bi-214 and 911.1 keV of Ac-228, 

were used respectively, and 1460.8 keV for K-40. 

 

The values of correction in specific activities due to cascade effect calculated through Genie 

2000 software was 0.979 for Ac-228 and 0.953 for Bi-214, the software also applies 

corrections in the efficiency curve due to self-attenuation of photons in the sample due the 

density, and was made another correction in the specific activities of K-40, by hand, in the 

phosphate fertilizer samples where the concentration of Ac-228 are higher than those of K-40, 

due to the proximity between the emission energies of 1460.8 keV (Pγ=10.67%) by K-40 and 

1459.2 keV (Pγ=1%) by Ac-228. The correction in the specific activity of K-40 can be 

performed in accordance to equations 3 and 4 (Lavi et al., 2004). 
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Where Pγ(Ac228) and Pγ(K40) are the probabilities of gamma-ray emission of Ac-228 and K-

40, respectively, and K/Ac is the ratio between the specific activities of K-40 and Ac-228. In 

this manner, 1–δA(K40) is the correction factor to be multiplied by K-40 measured specific 

activity. 
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2.2.1.-Estimation of Radium Equivalent Activity 

The distribution of U-238, Th-232 and K-40 in soil, stones and water is not uniform and to 

assess the real activity level of Ra-226, Th-232 and K-40 in samples, a common radiological 

index has been defined in terms of radium equivalent activity ( eqRa ) can be used, provides a 

very useful guideline in regulating the safety standards in radiation protection for a human 

population based on Beretka and Matthew (1985) study that says 10 Bq/kg of Ra-226, 7 

Bq/kg of Th-232 and 130 Bq/kg of K-40 produce the same gamma ray dose rate. The radium 

equivalent activity uniform the radiation exposure as follows: 

 

KThRaeq CCCRa 077.043.1 
                                       (5) 

 

Where CRa, CTh and CK are the concentrations in Bq/kg of Ra-226, Th-232 and K-40 

respectively. 

 

2.2.2.-Estimation of absorbed dose and effective dose  

The measured activity of Ra-226, Th-232 and K-40 were converted into doses by applying the 

factors 0.462, 0.604 and 0.0417 for radium, thorium and potassium, respectively (UNSCEAR, 

2000). 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: 

 

KThRa CCChnGyseAbsorbedDo 0417.0604.0462.0)/(              (6) 

 

Where CRa, CTh and CK are the concentrations in Bq/kg of Ra-226, Th-232 and K-40 

respectively. 
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According to (UNSCEAR, 2000) “to estimate annual effective doses, account must be taken 

of (a) the conversion coefficient from absorbed dose inair to effective dose and (b) the indoor 

occupancy factor”. The conversion coefficient used in this report is 0.7 Sv/Gy for adults and 

the indoor occupancy factor, i.e. the fraction of time spent indoors and outdoors is 0.8 and 

0.2, respectively. The annual effective doses are determined as follows: 

 

610*)/(7.0**8760*)/()(  GySvactoroccupancyfhhnGyseAbsorbeddomSvoseEffectived

(7) 

 

2.3.-Software Validation 

The LabSOCS software calculates the approximate detection efficiency curve and depending 

on the age of the detection system the simulated detection efficiency curve presents a gap in 

relation to the experimental detection efficiency curve, then the use of reference material is 

required to validate the software, this equates to the classical methodology used in gamma 

spectrometry that consists of using reference materials to calculate the specific activities with 

the benefit of the software making the correction by self-attenuation for each sample.  

In the efficiency curve generation using the LabSOCS, the materials was simulated using the 

Geometry Composer feature of Canberra’s Genie™ 2000 software package, the material of 

the pot was simulated for polystyrene with a density of 1.06 g/cc, chemical composition of H 

(7.74%) and C (92.26%), software database file. The reference material (soil, density of 1.41 

g/cc) was simulated with a chemical composition based on the twelve most common chemical 

elements in the earth's crust, adapted by Schulze (1989): O (47%), Al (8.13%), Si (27.96%), 

K (2.59%), Fe (5%), Ca (3.63%), Na (2.83), Mg (2.09%), Ti (0.44%), H (0.14%), P (0.1%) 

and Mn (0.09%). The simulated geometry is 500 ml in volume and the reference material was 

weighed to know exactly how much material was in the pot, then the efficiency curve was 

generated already with the self-attenuation correction. 

Then the gamma radiation spectra of the reference material was generated by the gamma 

spectrometry system installed in the LAASC (Environmental Analysis and Computational 

Simulation Laboratory).  
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The gamma radiation spectra of the reference material was also done in LGS (Laboratory of 

Gamma Spectrometry/IRD/CNEN) with the aim to verify the existence of differences 

between the certificate and the reference material and also to validate the detection system. 

The LGS estimates the specific activities using the standard methodology with use of 

reference materials and is tracked by LNMRI (Brazilian Laboratory of Metrology of Ionizing 

Radiations/IRD/CNEN), that is tracked by Bureau International des Poidset Measures 

(BIPM), and has reached a good performance in intercomparision exercises with the MAPEP 

(Radiological and Environmental Science Laboratory Mixed Analyze Performance Evaluation 

Program) conducted by the USDOE (U. S. Department of Energy). Correction factors were 

created based on the percentage differences in the values estimated by the LAASC and the 

LGS and the certified values of the reference material. The results are presented in Table 1. 

 

Table 1.- Comparison of specific activities measured by LAASC/COPPE/UFRJ and the 

LGS/IRD/CNEN, and correction factors for use of LabSOCS software. 

 K-40 Ra-226 Ra-228 Ra-224 

LAASC     

LGS     

Certificate file     

Correction Factor 0.90 0.93 0.92 0.83 

 

Since the values estimated by the LAASC were lower than those found by both LGS and 

those in the certificate, the 5% difference was used as a parameter to construct the correction 

factors, when the percentage difference between the values estimated by the LGS and those of 

the certificate Is greater than 5% then the percentage difference between LAASC and LGS 

will be used to make the correction factor for this energy. If the difference between the LGS 

and the certificate is less than 5% then the difference between the LAASC and the certificate 

for the construction of the correction factors will be used. 
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An average correction factor was set for each energy used for this specific geometry. This 

correction factors validate the software. 

 

 

3.- RESULTS 

 

All procedures and analyzes were performed in the Environmental Analysis and 

computational Simulation Laboratory from Nuclear Engeeniring Department of the Federal 

University of Rio de Janeiro (LAASC/PEN/COPPE/UFRJ). 

 

Thirty fertilizer samples were analyzed in this study and of these only 10 samples presented 

specific activity values below the minimum detectable activity (MDA) for at least one 

radionuclide analyzed. All samples presented specific activity above the MDA values for K-

40 except of anitrogen fertilizer sample (urea-based), the MDA values are shown in Table 2 

for the three radionuclides and lists the average value found for each radionuclide as well as 

the maximum and the minimum value.  

 

Table 2.-Average, maximum and minimum MDA values for K-40, Bi-214 and Ac-228. 

 K-40 (Bq/kg) Bi-214 (Bq/kg) Ac-228 (Bq/kg) 

Minimum 3.3 0.5 0.05 

Maximum 8.6 1.1 0.1 

Average 4.2 0.7 0.06 

 

The Table 3 shows the results for nitrogen fertilizer samples (samples from 1 to 3), potash 

fertilizer samples (samples from 4 to 7) and phosphate fertilizer sample (samples from 8 to 

10). Of the three nitrogen fertilizer samples analyzed one is an urea-based and the others are 
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called NK-type because are nitrogen fertilizer samples (containing urea) but mixed with a 

small amount of potash fertilizer. 

 

The sample 2 contains 1% potash fertilizer and the sample 3 contains 5% potash fertilizer. Of 

the four potash fertilizer samples, the sample 6 is composed by potassium sulfate and sample 

7 by potassium chloride. 

 

 

Table 3.-Specific activity of nitrogen, potash and phosphate fertilizer samples. 

Sample 
Fertilizer Type 

(N.P.K)% 
K-40 (Bq/kg) Ra-226 (Bq/kg) Ra-228 (Bq/kg) 

1 (ref) Nitrogen (46.0.0) <4.9 ND ND 

2 (gra) Nitrogen (32.0.1) 870±70 15.04±0.68 5.32±0.71 

3 (ref) Nitrogen (16.0.5) 1391±43 <0.92 ND 

4 (ref) Potash (5.15.45) 10,469±313 1.48±0.59 ND 

5 (ref) Potash (0.0.49) 11,940±357 <0.65 ND 

6 (ref) Potash (0.5.55) 12,267±442 ND ND 

7 (gra) Potash (0.0.20) 13,941±418 3.56±0.94 ND 

8 (ref) Phosphate* 15.8±4.7 597±20 194.7±5.6 

9 (ref) Phosphate* 22.1±5.3 427±14 832±22 

10(gra) Phosphate* 53.2±6.0 419±22 509±20 

ND=Value not-detected 

ref=Refined Sample 
gra=Granular Sample 

*percentage concentration NPK not reported 

 

Due to the chemical affinity between the element phosphorus and the elements U-238 and Th-

232 were found Ra-226 and Ra-228 in all phosphate fertilizer samples analyzed. The 

phosphate fertilizer samples showed higher specific activity for Ac-228 than for K-40, 

therefore the correction proposed by Lavi et al. (2004) was applied, the corrections values in 

the K-40 specific activities were greater than the uncertainties of the specific activities. Before 

correction, the K-40 specific activities measured in the samples 8, 9 and 10 were (30.4±4.7) 
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Bq/kg, (90.3±5.3) Bq/kg and (90.6±6.0) Bq/kg respectively, the correction value varied from 

41,2% (sample 10) to 75,5% (sample 9) of the measured values. 

 

In sample 1 not was found radionuclide, for be a urea sample, in agreement with Hussain and 

Hussain (2011) who found in a urea-based nitrogen fertilizer all specific activity values below 

the MDA. The sample 2 presented radionuclides of the U-238 and Th-232 radioactive series, 

probably due to the origin of the potash fertilizer sample used.  

Potash fertilizer samples presented basically K-40 as radioactive element, this purity is due to 

the chemical processes to which they were submitted. The average specific activity of K-40 

found in this study in potash fertilizer samples was (12154±382) Bq/kg , similar value to that 

found by Nowak (2013) which found (11405±1788) Bq/kg. The Table 4 shows some 

phosphate fertilizer values found in the literature.  

 

Table 4.-Specific activities in Bq/kg found in the literature for phosphate fertilizers. 

K-40 Ra-226 Ra-228 Reference 

4.0±1.3 357±11 66.7±7.7 Ahmed and El-Arabi, 2005 

15±1.2 885±35 16.0±0.6 Olszewska-Wasiolek, 1995 

30.3±5.3 481±18 512±15 Present Study 

87.0±2.0 527±15 7.0±0.2 Chauhn et al., 2012 

181.8±9.1 557±27 67.3±3.3 Khan, 1988 

301±36 696±112 4.7±2.0 Jibiri and Fasae, 2012 

574±14 223.0±2.4 26.1±0.7 Cardoso, 2012 

2643±82 172.0±5.3 6.4±1.8 Alshahri and Algahtani, 2014 

- 233±26 152±45 Saueia and Mazzilli, 2006 

 

The values are consistent with those found in this study, with the exception of values for Ra-

228 whose specific activity is higher than Ra-226, but which is in agreement with the results 

found in soils in Brazil, which indicate a higher concentration of Th-232 than U-238 (Ribeiro, 

2016). 
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The Table 5 shows the results of mineral fertilizer samples (NPK) with different percentage 

concentration of nitrogen, potash and phosphorus fertilizer.  

 

Table 5:Specific activities of NPK fertilizer samples. 

Sample N.P.K K-40 (Bq/kg) Ra-226 (Bq/kg) Ra-228 (Bq/kg) 

11 (gra) 04.14.07 1467±45 179.8±4.7 590±15 

12 (gra) 04.14.08 1627±49 193.2±6.7 295.2±8.1 

13 (ref) 07.47.06 1630±60 <1.1 4.30±1.31 

14 (gra) 13.25.07 1689±51 30.5±1.2 4.85±0.74 

15 (gra) 04.14.08 1716±52 311±10 652±17 

16 (gra) 10.10.10 2022±61 6.24±0.41 18.4±1.0 

17 (gra) 10.10.10 2077±63 294±10 107.7±3.5 

18 (gra) 10.10.10 2096±63 151.7±5.3 337.5±9.2 

19 (gra) 10.10.10 2264±82 145.0±7.8 144.5±6.1 

20 (gra) 12.24.12 2608±79 3.76±0.54 5.12±0.99 

21 (ref) 09.45.11 2649±80 <0.7 ND 

22 (ref) 06.18.12 3093±93 66.5±2.4 20.8±1.3 

23 (gra) 02.30.15 3356±101 253.2±8.8 14.7±1.7 

24 (gra) 10.15.15 3607±108 11.03±0.70 2.66±0.82 

25 (gra) 08.28.16 3761±113 94.01±3.41 132.9±4.0 

26 (gra) 20.05.20 4258±154 81.7±3.0 168.0±7.1 

27 (gra) 20.05.19 4471±135 <0.87 ND 

28 (gra) 14.07.28 4737±143 12.85±0.87 3.86±1.19 

29 (ref) 20.20.20 5069±152 3.62±0.50 ND 

30 (gra) 14.07.28 6552±197 4.92±0.60 ND 

ND=Value not-detected 
ref=Refined Sample 

gra=Granular Sample 

 

The values shown in Table 5 are consistent with those found in Table 3. The highest specific 

activity values were found for K-40 and the average value of Ra-228 is higher than Ra-226. In 
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Table 5 the maximum, minimum and average specific activity values for K-40, Ra-228 and 

Ra-226 in the NPK fertilizer samples obtained in this study are compared with those found in 

the literature. 

 

The 12.10.10 NPK fertilizer sample (Table 6) analyzed by Alharbi (2013) is similar to 

samples 15, 16, 17 and 18 (Table 5) for K-40 specific concentration differently for the 

concentrations of radius 226 and radius 228. 

 

Table 6:Specific activities found in literature for mineral NPK compound fertilizers. 

K-40 

(Bq/kg) 

Ra-226 

(Bq/kg) 

Ra-228 

(Bq/kg) 

NPK 

(%) 

Reference 

1499±45 <3.2 <6.3 *.05.05 Alshahri and Alqahtani, 2014 

1760±74 <2.8 <5.4 *.18.06 Alshahri and Alqahtani, 2014 

2011±23 63.4±8.0 9.6±0.5 12.10.10 Alharbi, 2013 

2038±35 84±11 9.2±0.4 20.20.20 Alharbi, 2013 

2155±22 66.4±8.0 22.9±2.0 15.30.15 Alharbi, 2013 

2373±18 45.7±2.0 16.5±7.0 20.20.20 Alharbi, 2013 

3494±265 348±61 32.4±9.3 04.12.12 Nowak, 2013 

3610±190 37.3±8.6 35.0±3.8 16.16.16 Nowak, 2013 

3700±150 44±2 5.3±0.8 16.07.13 Mustonen, 1985 

4090±362 31.1±4.2 29.7±5.1 04.08.15 Nowak, 2013 

4100±200 1.5±0.5 <2 16.07.13 Mustonen, 1985 

4100±200 110±10 2.4±0.6 16.07.13 Mustonen, 1985 

4670±301 173±34 8.6±3.1 15.15.15 Jibiri and Fasae, 2012 

5709±170 35.8±2.5 <4.40 *.14.18 Alshahri and Alqahtani, 2014 

*percentage concentration NPK not reported 

 

In another sample of this study Alharbi (2013) analyzed two 20.20.20 NPK sample whose 

concentration values are different from those found in this present study (sample 29) and 

other values found in the literature with NPK similar. 
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In general, the specific activities can differ considerably and the results may depend more on 

the concentrations of those elements in the soil, from where the raw material is extracted and 

on the process of fertilizer production, which may conduct to the enrichment of a given 

radionuclide, than the percentage concentration NPK.  

 

The Table 7 shows the radium equivalent activity, the absorbed dose rate in air at 1m above 

the ground level and the outdoor effective dose. 

 

The values presented in Table 7 referring to 1 kg of fertilizers to compare with the average 

values present in the soil and thus to discuss the contamination potential of soils by the 

application of the fertilizers and also presents the values referring to the dilution of 1 g of 

fertilizer in 1 kg of soil, approximate value based on literature for NPK fertilizer samples 

(Conceição and Bonotto, 2006) which was generalized for all fertilizer types because this 

study is interested in an approximate value to estimate the contribution to the annual effective 

dose associated with the application of these fertilizers in the soil, and it must be said that 

each crop requires specific dilution based on crop and soil conditions and climatic conditions. 

 

Table 7.-Radium equivalent activity, absorbed dose rate in air and outdoor effective dose for 1 

g and 1 kg (1g/1kg) referring to the fertilizer samples. 

Sample Fertilizer 

Type  

Radium Equivalent 

Activity (
kgBq

gBq
/

/ ) 

Absorbed 

Dose (nGy/h) 

Effective 

Dose (
ymSv

ySv
/

/ ) 

1 (ref) Nitrogen 0/0 0/0 0/0 

2 (gra) Nitrogen 0.090/90 0.046/46 0.057/0.057 

3 (ref) Nitrogen 0.107/107 0.058/58 0.071/0.071 

4 (ref) Potash 0.808/808 0.437/437 0.536/0.536 

5 (ref) Potash 0.919/919 0.498/498 0.611/0.611 

6 (ref) Potash 0.945/945 0.512/512 0.627/0.627 

7 (gra) Potash 0.108/1077 0.583/583 0.715/0.715 

8 (ref) Phosphate 0.876/876 0.394/394 0.483/0.483 
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9 (ref) Phosphate 1.618/1618 0.7/700 0.859/0.859 

10 (gra) Phosphate 0.115/1151 0.503/503 0.617/0.617 

11 (gra) 04.14.07 1.137/1137 0.501/501 0.614/0.614 

12 (gra) 04.14.08 0.741/741 0.335/335 0.411/0.411 

13 (ref) 07.47.06 0.132/132 0.0706/70.6 0.087/0.087 

14 (gra) 13.25.07 0.167/167 0.875/87.5 0.107/0.107 

15 (gra) 04.14.08 1.375/1375 0.609/609 0.747/0.747 

16 (gra) 10.10.10 0.188/188 0.098/98.3 0.121/0.121 

17 (gra) 10.10.10 0.607/607 0.287/287 0.352/0.352 

18 (gra) 10.10.10 0.796/796 0.361/361 0.443/0.443 

19 (gra) 10.10.10 0.526/526 0.249/249 0.305/0.305 

20 (gra) 12.24.12 0.212/212 0.114/114 0.139/0.139 

21 (ref) 09.45.11 0.204/204 0.110/110 0.135/0.135 

22 (ref) 06.18.12 0.334/334 0.172/172 0.211/0.211 

23 (gra) 02.30.15 0.533/533 0.266/266 0.326/0.326 

24 (gra) 10.15.15 0.293/293 0.157/157 0.193/0.193 

25 (gra) 08.28.16 0.574/574 0.281/281 0.344/0.344 

26 (gra) 20.05.20 0.650/650 0.317/317 0.389/0.389 

27 (gra) 20.05.19 0.344/344 0.186/186 0.229/0.229 

28 (gra) 14.07.28 0.383/383 0.206/206 0.252/0.252 

29 (ref) 20.20.20 0.394/394 0.213/213 0.261/0.261 

30 (gra) 14.07.28 0.509/509 0.276/276 0.338/0.338 

 

 

4.- DISCUSSION 

 

The values presented in Tables 3 and 5 are consistent with the values presented in Tables 4 

and 6, with exception for values of Ra-228 which has an average higher than that found in the 
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literature, but this is because of the geological formation of Brazilian soil. The specific 

concentration of radionuclides found in the fertilizer samples do not have a linear relationship 

with the specific concentrations of potassium and phosphorus guaranteed by the 

manufacturers. The specific concentrations of thorium and uranium present in soils used for 

the manufacture of fertilizers have a great influence on the concentrations of Ra-226 and Ra-

228 found in the fertilizer samples, in addition to the substances used in the process such as 

phosphoric acid. The Table 7 showed that the radium equivalent activity values that ranged 

from 0 in a nitrogen sample (urea-based) to 1618 Bq/kg in a phosphate fertilizer sample and 

the average value found was 610 Bq/kg. The world average radium equivalent activity is 

108.7 Bq/kg and the world population-weighted values 129.7 Bq/kg (UNSCEAR, 2000), this 

values were above only the radium equivalent activity for nitrogen fertilizer samples. The 

Table7 also showed the absorbed dose rate in air at 1 meter above the ground level, the values 

ranged from 0 in a nitrogen sample (urea-based) to 700 nGy/h in a phosphate fertilizer sample 

and the average value found was 298 nGy/h. The world average absorbed dose rate in air at 1 

meter is 51 nGy/h and the world population-weighted values 60 nGy/h (UNSCEAR, 2000), 

this values were above only the radium equivalent activity for nitrogen fertilizer samples. 

Finally, the Table 7 showed that the effective dose associated with the absorbed dose values 

ranged from 0 in a nitrogen sample (urea-based) to 0.859 mSv/y in a phosphate fertilizer 

sample and the average value found was 0.364 mSv/y. The world average effective dose is 

0.0625 mSv/y and the world population-weighted values 0.0735 mSv/y (UNSCEAR, 2000), 

this values were similar only the effective dose found in nitrogen fertilizer samples. This 

values indicate that there is a potential for soil contamination by fertilizers but considering the 

dilution of 1 gram of fertilizer per kilogram of soil values are three orders of magnitude below 

the world averages which shows that this risk is minimal, however the phosphate fertilizer 

samples analyzed in this study show a considerable concentration of elements of the Th and U 

series that end in the lead element and the risk of contamination of the waters by lead should 

be investigated mainly in crop areas near river basins. 

The Table 8 shows the average values of radium equivalent activity, dose absorbed rate in air 

at 1 m above the ground level and outdoor effective dose for the nitrogen, phosphate, 

potassium and NPK fertilizer samples. 
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Table 8.- Average values of radium equivalent activity, absorbed dose rate in air and outdoor 

effective dose to the fertilizer samples. 

Fertilizer Type 
eqRa  

(Bq/kg) 

Absorbed Dose 

(nGy/h) 

Effective Dose 

(mSv/y) 

Nitrogen 98.4 52.2 0.064 

Phosphorus 1215.0 532.5 0.65 

Potash 937.1 507.4 0.62 

NPK 505.0 244.8 0.30 

 

The fertilizer type that presents the greatest environmental contamination potential and risk to 

human health according to Table 8 is the phosphate fertilizer  

 

 

5.- CONCLUSIONS 

The highest specific activities found were of K-40 that ranged from 15.7 Bq/kg to 13941 

Bq/kg with average value of 3852 Bq/kg.  

The average specific activity of Ra-228 were superior to Ra-226: 202 Bq/kg and 138 Bq/kg, 

respectively. Phosphate samples presented the highest concentrations of Ra-228 and Ra-226: 

832 Bq/kg and 597 Bq/kg, respectively. 

The specific concentration of radionuclides found in the fertilizer samples do not have a linear 

relationship with the specific concentrations of potassium and phosphorus guaranteed by the 

manufacturers.  

The radium equivalent activity and the absorbed dose values found in the fertilizer samples 

represent a potential risk for contamination of soil but the approximate values for the dilution 

(1: 1000) of fertilizer in the soil presented an average increase of 0.36 μSv/y at the annual 

outdoor effective dose while the annual average for the soil is of 63 μSv/y, so the risk to 

human health is minimum. 
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