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ABSTRACT 

Gamma spectrometric measurements were obtained for the agricultural soils aiming at characterizing the spatial 
distribution of radionuclide concentrations (K, eU and eTh), as well for the samples of phosphatic fertilizers and 
agricultural gypsum. In the study areas, three types of soils occured: Eutrophic Red Nitosol (Alfisoil), Eutroferric 
Red Latosol of clayey texture (Oxisoil) and Dystrophic Red Latosol of medium texture (Oxisoil). The results showed 
that the radionuclide concentrations in more clayey soils were higher than in more sandy soils, mainly as a function 
of a higher adsorption capacity of the former. For the area where human activity predominated, the average 
contents of K, eU and eTh were respectively 54.75; 10.22 and 7.27 Bq/Kg, significantly higher than those for the 
area where no fertilizers were used (34.15 Bq/Kg K; 1.69 Bq/Kg eU, and 5.36 Bq/Kg eTh). Variations in the 
radionuclide concentrations were also observed in various fertilizer formula used in soybean and wheat crops. 
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INTRODUCTION 
 
Modern agriculture applies high technology, 
aiming at increasing the productivity. Cultures 
such as soybean and wheat adopt cultivars with 
high genetic potential that, together with chemical 
fertilizers, result in high productivity. In the last 20 
years, the Brazilian agriculture would not have 
been possible without the application of large 
volumes of fertilizers. However, the presence of 
radionuclides in phosphatic fertilizers (Guimond 
and Hardin, 1989; Khan et al., 1998; Zielinski, et 
al., 2000; San Miguel et al., 2003; Becegato et al., 

2008) interferes in the environment and the 
consequences are still unknown. 
Recent research in Brazil with radioactive 
elements derived from different fertilizer 
compositions has triggered the interest of the 
Brazilian scientific community regarding their 
environmental implications. 
Gypsum, a secondary product of the production of 
acidified fertilizers, has been recently used. 
Agricultural gypsum, derived from the phosphoric 
acid, is composed of calcium, sulfur and water in 
varied concentrations. This product is used in 
order to supply calcium and sulfur to the deeper 
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soil horizons, enabling the development of the 
plant root system and thus exploring a larger 
volume of soils in the search of nutrients and water 
(Nuernberg et al., 2002). 
The fertilizers commercialized in Brazil contain 
radioactive elements (e.g. Mazzilli et al., 2000; 
Yamazaki and Geraldo, 2003; Saueia et al., 2004). 
Their contents depend on the source rock. In the 
case of phosphatic fertilizers, there are several 
trademarks and commercial compositions, with 
varying nitrogen, phosphorus and potassium 
contents. Pfister et al., (1976) observed that the 
high uranium concentration in triple 
superphosphate, in relation to the simple 
superphosphate, depends on the mode of 
production. In the first case, the rock undergoes a 
phosphoric acid attack, holding uranium as a 
dissolved uranyl complex. In relation to the 
monoammonia and diammonia phosphates, these 
are obtained combining phosphoric acid and 
ammonia. 
Brazilian soils, mostly situated in the tropical 
zone, are in general poor as a consequence of 
constant losses by leaching (Andrello et al., 2003) 
of certain elements such as nitrogen, phosphor and 
potassium (Santos Júnior et al., 2005), which are 
essential to the cultures such as soybean, wheat 
and sugar cane. The present practice of replacing 
nutrients in the soils and consequently supplying 
substances in order to reach high productivity is by 
the application of chemical fertilizers, mostly 
compounds commercially named NPK. Their 
formula vary widely and the concentrations are 
chosen according to the need of each soil and 
culture. 
Soils differ in their capacity of cation retention. 
The cation exchange capacity (CEC) depends on 
the texture, physical properties, and clay and 
organic matter contents. More clay soils retain 
more cations; the opposite happens with sandy 
soils, where percolation of water is made easy by 
their high macroporosity, resulting in leaching of 
chemical elements that remain in solution in the 
soil. 
The research on radionuclides in arable soils is 
still incipient in Brazil. This work shows the 
application of gamma spectrometry in an area 
where soybean is planted in the summer and wheat 
in the winter and where high technology is used, in 
order to reach maximum grain productivity. 
 
 
 

MATERIALS AND METHODS 
 
The study area is located close to Maringá in the 
State of Paraná, considered an regional agriculture 
pole. The area has been used for soybean 
plantation in the summer and wheat in the winter. 
The climate, according to the Paraná climatic chart 
(Iapar, 1978) and following Köeppen’s 
classification, is Cfa, or mesothermal humid 
subtropical, with hot summers; rainfalls tend to 
concentrate in the summer, with an average annual 
values of 1200 mm (Rufino et al., 1993). Situated 
on the Third Paranaense Planalt, the area is 
inserted in the Cauiá Group, more specifically the 
Goio-Erê Formation (Fernandes and Coimbra, 
2000), in transitional contact with the Serra Geral 
Formation (basalts). 
A portable GS-512 gamma spectrometer from 
Geofyzika (Czech Republic), represented by 
Scintrex (Canada), designed to operate with 512 
channels in a 0.1 to 3 MeV interval and pertaining 
to the Research Laboratory of Applied Geophysics 
– LPGA/UFPR, was used for data collection in the 
field. The GS-512 spectrometer is a probe (45 cm 
in length; 12.5 cm in diameter, weighing 4.6 kg), 
containing a 76 x 76 mm NaI(Tl) crystal, a 
detection circuit, and a reference radioactive 
source (137Cs). Another module (23.5 x 23.0 x 9.0 
cm) stores and processes the data obtained. 
The natural occurring elements that produce 
gamma rays of intensity and energy enough to be 
measured by gamma spectrometry are potassium, 
uranium and thorium. Potassium is identified and 
quantified by means of the absorption of the 1.46 
MeV energy, which corresponds to a sole natural 
isotope (40K) that represents 0.012 % of total K 
(the other isotopes, 39K and 41K, are not 
radioactive and represent respectively 93.26 % and 
6.73 % of total K). The natural isotopes of the 
uranium series constitute a mixture of 238U (99.3 
%) and 235U (0.7 %), representative of complex 
decay chains that end with the stable isotopes 206Pb 
and 207Pb, respectively. Uranium is detected by the 
1.76 MeV energy that corresponds to the 
absorption of 214Bi of the 238U series, used to 
identify and quantify natural uranium. Natural 
thorium is composed of the 232Th isotope and its 
decay products, representing 100 % of total Th. It 
is identified by the 208Tl peak, which corresponds 
to the 2.62 MeV absorption energy. Therefore, the
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uranium and thorium concentrations are 
determined indirectly by gamma spectrometry. 
This is the reason why these concentrations are 
named uranium equivalent (eU) and thorium 
equivalent (eTh) respectively. 
The gamma-spectrometric data were obtained in 
situ from a georeferenced grid on agricultural 
soils, totaling 77 points, and from two native forest 
areas, one characterized by a clayey and other by a 
sandy-clayey soil; 20 points were sampled in each 
area. Additionally, 20 points in piles of 
agricultural gypsum were sampled. Soil textures 
were determined in the laboratory. 
 
The gamma spectrometer calibration 
The instrument was calibrated by the Institute of 
Radioprotection and Dosimetry (IRD) of the 
Brazilian Nuclear Energy Commission (CNEN) on 
23rd February 2003, according the procedures 
described in Ferreira et al., (2003). The calibration 
system (Barretto et al. 1986) was constituted by 
eight concrete cylindrical blocks or pads (3.0 m of 
diameter and 0.5 m of thickness, with density of 
2.1 g/cm3 and volume of 3.53 m3, weighing 7.41 
tons), lying around a circle of 20 m of diameter in 
the IRD/CNEN gardens (0.5 m above sea level). 
Weather and atmospheric radon variations can 
influence the measurements with time; however, 
during the visual inspection, no fractures or 
significant modifications due to the weather were 
observed on the surface of the pads. To monitor 
the cosmic radiation, radon and instrumental 
background, a reservoir in the center of the circle 
with 4 m of diameter and 0.7 m of thickness was 
filled with the water. 
The radiation sources were intermingled with 

concrete, resulting from a 1:2:3 mixture of cement, 
crushed granite and sand. The aggregate grain-size 
was less that 1 cm, to make the mixture and 
homogenization with radioactive material easy. 
All the sources, excepting the background (BKG), 
were contaminated with the radioactive material in 
several proportions and combinations (Barretto et 
al., 1986). Table 1 shows K (%), U (ppm) and Th 
(ppm) concentrations obtained for the sources, 
derived from a large number (1266 valid 
determinations among 2180) of chemical analyses 
and by neutron activation, according to Barretto et 
al., (1986), and considering secular equilibrium. 
The uncertainties were indicated in terms of the 
standard deviation from the average (Ribeiro et al., 
2005) and the number of determinations. The 
concentrations were also monitored by gamma 
spectrometers during the preparation of the 
sources, resulting K, U and Th contents as 
recommended by Barretto et al., (1986). For 
uranium, the differences in relation to Table 1 
came from BKG (0.50 ± 0.01 ppm) and pads U1 
and UTh2 (56.9 ± 1.15 and 38.95 ± 0.81 ppm, 
respectively). Regarding thorium, the 
recommended content for pad U2 was 45.57 ± 
0.57 ppm. Such differences were suggested by 
Barretto et al., (1986) to compensate the effects of 
possible disequilibria in the uranium series. 
Ribeiro et al. (2005) stated that, the radiometric 
data, it was not clearly whether disequilibrium 
totally justified the corrections proposed. They 
mentioned that the majority of radiometric 
determinations fell in an interval twice the 
standard deviations around the values obtained by 
means of the chemical analyses and by neutron 
activation.

Table 1 – Radioelement concentrations in the IRD/CNEN pads, determined by chemical analyses and neutron 
activation, according to Barretto et al., (1986). The uncertainties correspond to standard deviation estimates and the 
number of determinations is indicated in brackets. 
Pads K Concentration (%) 

 
U Concentration (ppm) 

 
Th Concentration (ppm) 

 
BKG 0.08 ± 0.01 (95) 0.82 ± 0.01 (70) 1.75 ± 0.12 (28) 
K1 6.74 ± 0.06 (25) 2.00 ± 0.07 (62) 20.90 ± 0.81 (23) 
K2 4.43 ± 0.08 (64) 2.97 ± 0.06 (79) 29.72 ± 1.39 (22) 
U1 3.47 ± 0.04 (39) 69.92 ± 0.67 (85) 50.13 ± 0.99 (44) 
U2 3.43 ± 0.08 (39) 19.45 ± 0.14 (58) 53.06 ± 1.68 (34) 
Th1 3.54 ± 0.07 (52) 11.63 ± 0.15 (37) 255.97 ± 5.25 (47) 
UTh1 3.64 ± 0.03 (64) 12.10 ± 0.24 (78) 71.59 ± 1.76 (48) 
UTh2 3.65  ±0.03 (27) 44.47 ± 0.63 (91) 152.39 ± 4.76 (55) 
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The calibration readings were taken every 10 
minutes in pads K1, U1, Th1, BKG. The cosmic 
radiation (more than 3.000 KeV) was 
automatically monitored by GS-512. It was known 
that countings measured in the calibration pads 
from the K- (40K – 1.46 Mev), U- (214Bi – 1.76 
Mev) and Th- (208 Tl – 2.62 Mev) windows were in 
linear relation with the source concentrations. 
Subtracting BKG from the countings, three 
equations with three unknowns derive for each 
window. According to the manual (Geofyzika, 
1998), a 3 x 3 concentration matrix [Q], calculated 
by the representative parameters for the contents 
of the K1, U1 and Th1 sources and a geometric 
factor (which, for a cylindrical pad is given by G = 
1 – h/r, where h (m) is the height of the detector in 
relation to the source surface and r is the pad 
radius; during the calibration process the sensor 

was placed directly on the center of the sources, 
thus G = 1), is related to a equivalent counting 
matrix [n], calculated from the pad measurements 
and BKG taken on the water level, and with the 
calibration matrix [C] composed by some 
calibration constants, resulting the following 
matrix equation: 

 
[Q] = [C] x [n], or [C] = [Q]/[n] 

 
Once the instrument was calibrated, readings in all 
eight pads were taken for three minutes, time 
considered satisfactory for routine fieldwork. 
Tables 2, 3 and 4 show K (%), eU (ppm) and eTh 
(ppm) concentrations respectively, after 
subtracting BKG, according to Barretto et al., 
(1986), modified by Ribeiro et al., (2005), Ferreira 
et al., (2003) and Ribeiro et al., (2005). 

 
 
Table 2 – Comparison between K concentrations (%) from IRD/CNEN pads determined by chemical analyses and 
neutron activation by Barretto et al., (1986), modified by Ribeiro et al., (2005)1, and calculated by Ferreira et al., 
(2003)2 and Ribeiro et al., (2005)3. 
Pads K Concentration (%) 1 

 
K Concentration (%) 2 

 
K Concentration (%) 3 

 
K1 6.66 ± 0.32  6.53 6.50 ± 0.16 
K2 4.35 ± 0.65  4.89 4.63 ± 0.13 
U1 3.39 ± 0.27  3.35 3.40 ± 0.13 
U2 3.35 ± 0.51  3.41 3.42 ± 0.13  
Th1 3.46 ± 0.52  3.62 3.51 ±  0.22 
UTh1 3.56 ± 0.26  3.49 3.55 ± 0.11 
UTh2 3.57 ± 0.19  3.47 3.43 ± 0.19 

 
 
The comparison of Tables 2 and 4 showed that K 
and Th determinations, calculated by Ferreira et al. 
(2003), agreed with Barretto et al. (1986)’s data, 
modified by Ribeiro et al., (2005). In relation to 
the U contents of pad U1 (Table 3), differences 
were found out of the interval defined by the 
standard deviation around the average 
concentrations values, also signaled by Ribeiro et 
al., (2005). Insignificant contrasts were found in 
pads U2 and UTh2 (Table 3). On the other hand, 
the comparison between results for potassium by 
Ferreira et al. (2003) and Ribeiro et al., (2005) was 
satisfactory, excepting a small modification in pad 
K2 (Table 2). For uranium, a difference around 1 
ppm in pad U1 was detected, whereas variations in 

pads U2 and UTh2 were insignificant (Table 3). 
Regarding thorium, the following values were 
obtained by Ferreira et al., (2003) versus the 
minimum indices calculated by Ribeiro et al., 
(2005) for pads K1, K2, Th1, UTh1 and UTh2, 
respectively: 15.93 x 16.5; 28.81 x 29.2; 248.63 x 
261; 68.81 x 71; 162.11 x 167.6 (Table 4). 
The gamma-spectrometric data were obtained 
from cultivated soils, as well as soils under native 
forest (not contaminated by the human activity) 
and samples of fertilizers and gypsum. In the soils, 
90% of the gamma rays come from superficial 
layers up to a maximum depth of 45 cm (Wilford 
et al., 1997). 
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Table 3 – Comparison between U concentrations (ppm) from IRD/CNEN pads determined by chemical analyses 
and neutron activation by Barretto et al., (1986), modified by Ribeiro et al., (2005) 1 and calculated by Ferreira et al., 
(2003) 2 and Ribeiro et al., (2005) 3. 

Pads 
U Concentration (ppm) 1 

 
eU Concentration (ppm) 2 

 
eU Concentration (ppm) 3 

 
K1 1.18 ± 0.56 1.70 1.69 ± 0.45 
K2 2.15 ± 0.54 1.89 2.11 ± 0.55 
U1 69.10 ± 6.20 55.89 57.90 ± 3.20 
U2 18.63 ± 1.10 20.04 21.10 ± 1.30 
Th1 10.81 ± 0.91 10.82 11.4 ± 1.60 
UTh1 11.28 ± 2.10 10.91 10.67 ± 0.94 
UTh2 43.65 ± 6.00 37.44 39.90 ± 2.10 

 
 
Table 4 – Comparison between Th concentrations (ppm) from IRD/CNEN pads determined by chemical analyses e 
neutron activation by Barretto et al. (1986), modified by Ribeiro et al., (2005)1, and calculated by Ferreira et al., 
(2003)2 and Ribeiro et al., (2005)3. 

Pads 
Th Concentration (ppm) 1 

 
eTh Concentration (ppm) 2 

 
eTh Concentration (ppm) 3 

 
K1 19.15 ± 4.00  15.93 17.60 ± 1.10 
K2 27.97 ± 6.50  28.81 30.80 ± 1.60 
U1 48.30 ± 6.60 45.62 45.10 ± 2.10 
U2  51.31 ± 9.80  44.14 46.00 ± 2.10 
Th1 254.22 ± 36.00  248.63 271.00 ± 10.00 
UTh1 69.84 ± 12.00  68.81 74.10 ± 3.10 
UTh2 150.62 ± 35.00  162.11 174.20 ± 6.60 

 
 
RESULTS AND DISCUSSION 
 
In the study area, three types of soil were 
identified and mapped (Fig. 1): Eutrophic Red 
Nitosol of clayey texture, derived from the basaltic 
rocks, which were spatially distributed closer to 
the drainage channels, where the relief was 
steeper; Eutroferric Red Latosol was a deeper, 

older soil comparatively to the former, of clayey 
texture, also derived from basaltic rocks and 
corresponding to undulated smooth to almost 
plane relief, and Dystrophic Red Latosol, resultant 
from reworking of the Serra Geral and Goio-Erê 
formations, with clay contents between 16 and 
35%, of medium texture and spatially distributed 
on an almost plane relief.  
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Figure 1 - Map of soils 
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The average radionuclide values for the 77 
sampled points were 54.75 Bq/Kg for K, 10.22 
Bq/Kg for eU, and 7.25 Bq/Kg for eTh (Table 5). 
Souza (1998) found values of 86.1 Bq/Kg U in 
clayey soils in Araras (State of São Paulo), 
whereas Kumru and Bakaç (2003) found average 
indices of 135 Bq/Kg U and 17.05 Bq/Kg Th. 
Kannan et al., (2002), studying radionuclides in 
India soils, found U values from 16 to 359.65 
Bq/Kg. 
Taking into consideration the soils analyzed and 
their textures, the clayey ones (Eutroferric Red 
Latosol-Oxisoil and Eutrophic Red Nitosol-
Alfisoil) presented U average values of 14.9 Bg 

Kg-1, whereas the sandy-clayey soils (Dystrophic 
Red Latosol-Oxisoil) yielded an average 
concentration of 7.03 Bq/Kg (Tables 6 and 7). The 
U content was twice these values in the clayey 
soils, for which the variation coefficient was 
19.92%, representing a less dispersion of the data, 
when compared with the 48.4% for the whole area 
(Table 5). The average K content for the sandy-
clayey soil was 57.28 Bq/Kg, slightly higher than 
that for the clayey soils, where the average was 51 
Bq/Kg. Thorium average concentration was 9.03 
Bq/Kg in the sandy-clayey soil, therefore, higher 
than 4.61 Bq/Kg for the clayey soils. 
 

 
Table 5 – Statistics of the gamma spectrometric data and the clay contents of the total area, without taking into 
account the types of soils. 

 Clay (%) 
 K eU eTh Depth (cm) 

 
Bq/Kg 0-20         20-40 

Minimum 0 2.46 0.41 14 14 
Maximum 124 20.91 17.1 88 92 
Average 54.75 10.22 7.25 39.3 44.7 
Median 62 8.4 7.73 26 31 
Standard Deviation 23 4.94 4.35 23.38 25.7 
Variation Coefficient (%) 42 48.4 60 60 57.4 
Skewness 0.4 0.26 0.15 0.60 0.53 
Kurtosis 1.18 -1.20 -0.87 -1.26 -1.36 

 
 
Table 6 - Descriptive statistics of the geophysical data and the clay contents for the sandy-clayey soil. 
 Potassium Uranium Thorium 

Bq/Kg  
Clay 
(%) 

Minimum 31 2.46 0.81 14 
Maximum 124 14.76 17.09 47 
Average 57.28 7.03 9.03 25.20 

Standard Deviation 22.61 3.10 3.83 7.40 
Variation Coefficient (%) 39.47 44.10 42.41 29.36 

Skewness 1.77 0.29 -0.39 2.14 
Kurtosis 0.96 0.91 -0.05 1.43 

 
 
Table 7 - Descriptive statistics of the geophysical data and the clay contents for the clayey soils. 
 Potassium Uranium Thorium 

Bq/Kg 
Clay 
(%) 

Minimum 0.00 8.61 0.41 46.00 
Maximum 93.00 20.91 13.43 92.00 
Average 51.00 14.96 4.61 73.58 

Standard Deviation 23.40 2.98 3.74 12.40 
Variation Coefficient (%) 45.88 19.92 81.13 16.85 

Skewness 0.03 -0.43 -0.37 -0.66 
Kurtosis -0.28 -0.35 0.80 -0.42 
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For the areas with no agricultural activity, where 
the soils underlied a native vegetation constituted 
by fragments of forests (national parks), 20 
gamma spectrometric measurements were taken 
with three repetitions at each point. The average of 
three measurements and the statistic summary are 
presented in Table 8. Similarly, the clayey soils 
were discriminated from the sandy-clayey ones, 
for comparison with the arable area. Thus the 
average K, eU and eTh values for the clayey soils 
of the arable area (Table 8), which were 
respectively 51.0, 14.9 and 4.61 Bq/Kg,  higher 
than the respective average concentrations for the 
soils of the virgin areas: 26.4, 1.41 and 1.81 
Bq/Kg. Such strong differences could be explained 
by the fertilizers and statistically proven by the 
Student’s t test. Similar behavior also occurred 
with the sandy-clayey soil, when the results for the 
cultivated area were compared with the 
correspondent ones for the virgin area, except for 
the fact that there was no significant difference 
between the eTh averages for both the areas, as 

indicated by the same letters in the respective 
averages (Table 8). 
In the virgin area where the sandy-clayey soil 
dominated, the average eU value was 1.97 Bq/Kg, 
which was higher than that for the clayey soils 
1.41 Bq/Kg. On the other hand, K and eTh for the 
former area were respectively 41.9 and 8.91 
Bq/Kg, higher than the averages for the clayey 
soils: 26.4 and 1.81 Bq/Kg. A possible explanation 
was the age and mineral composition of these 
soils. The clayey soils that developed on the Serra 
Geral Formation were older, weathered and 
consequently more leached, allowing K and eTh 
percolation along the soil profile. In soils of mixed 
texture that resulted from reworking of the Serra 
Geral and Goio-Erê formations, the latter of sandy 
texture, a contribution of minerals with higher K 
and Th contents might have occurred during the 
sedimentation, with higher K and Th contents 
corresponding to the Goio-Erê Formation source 
areas. 

 
Table 8 – Statistics of the radionuclides measured in soils underlying native forest (n = 20).  

 Texture 

 Sandy-clayey Clayey 

 K eU eTh K eU eTh 
   Bq/Kg 

Minimum 0 0 7.32 0 0 0.4 
Maximum 93 6.15 11.8 62 2.46 3.66 
Average (*) 41.9a 1.97c 8.91e 26.4f 1.41h 1.81j 
Average (**) 57.28b 7.03d 9.03e 51.0g 14.9i 4.61k 
Median 31 1.85 8.5 31 1.23 1.63 
Standard deviation 23.1 1.71 1.19 23.1 0.92 0.9 
Variation coefficient (%) 55.2 86.9 13.4 87.7 64.8 49.8 
Skewness 0.15 0.81 0.87 0.25 -0.25 0.39 
Kurtosis 0.08 0.47 0.47 -1.04 -1.04 -0.59 

Averages followed by the same letters do not differ considerably 5% by the t Test. (*) average of three measurements, (**) 
average of the sandy-clayey and clayey soils respectively. 
 
 
The spatial distribution of the radionuclides is 
represented in Figures 2, 3 and 4. Figure 2 showed 
that the highest concentration of uranium occurred 
in the most clayey parts, corresponding to 
Eutrophic Red Nitosols (Alfisoil) and Eutroferric 
Red Latosols (Oxisoil) (Fig. 1). 
Thorium distribution, on the contrary (Fig. 3), 
largely coincided with the exposition of 
Dystrophic Red Latosol (Fig. 1), probably because 
of the presence of residual minerals. The map of 

potassium distribution (Fig. 8) showed that the 
most radioactive part was concentrated in the area 
where the soil had a more sandy texture, reflecting 
a possible presence of potassium-bearing minerals, 
as corroborated by Nascimento (2003). 
Figures 5, 6 and 7 show the distribution of 
radionuclides along vertical sections of the three 
types of soils. The measurements were taken 
directly along the soil profiles every 20 cm.  
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Figure 2 – Uranium spatial distribution (eU). 
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Figure 3 - Thorium spatial distribution (eTh). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 – Potassium spatial distribution. 

 
 
The radionuclide concentrations along the 
Dystrophic Red Latosol of sandy-clayey texture 
(Fig. 5) were practically constant along the first 20 

cm, with progressively increasing K contents 
down to 60 cm, which was approximately what 
was with uranium and thorium. Between 60 and 80 
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cm K contents decrease, whereas eU and eTh 
remained practically constant. From 80 cm to the 
end of the sampling, K indices tended to slightly 
increase to values similar to those of the first 20 

cm of the profile. However, eU and eTh values 
tended to decrease with the depth, especially the 
latter, denoting more retention of these 
radioelements in relation to the surface. 
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Figure 5 - Variations of radionuclide contents along the Dystrophic Red Latosol (Oxisoil) 
profile. 

 
 
For the Eutrophic Red Nitosol soil profile (Fig. 6), 
eU and eTh contents increased down to the first 
0.4 m, remained constant to 0.8 m, and 
progressively decreased to 1.6 m, when from this 
level on, the concentrations increased towards 
horizon C, reaching the material that originated 
these soils, denoting eU and eTh depletion from 
the source-rock to the surface. Similar behavior 
was observed in the potassium profile: from 1.6 m, 
K contents gradually increased towards horizon C. 
The distribution of radioelements in the 
Eutroferric Red Latosol with depth (Fig. 7) was 
similar, with enrichment from a depth of 2.2 m to 
horizon C. 
Dickson and Scott (1997) observed significant 
changes in radiogenic elements in the soils formed 
from mafic rocks in Australia. Clay soils 

originating from basalt showed losses up to 50% K 
and increase in U and Th close to the felsic rocks 
contents. According to these authors, in the areas 
dominated by strongly weathered, deeper soils, 
also derived from the basaltic rocks, depletion of 
K occurred and the U and Th were similar to those 
obtained for sandy soils derived the from felsic 
rocks. Such distribution pattern differed from the 
behavior of the radionuclides in the soil sections 
studied here, possibly for their position in the 
subtropical humid region, with average rainfalls of 
1,492 mm/year (Rufino et al., 1993), plus the 
physical/chemical weathering, mainly  of the 
deeper and older Eutroferric Red Latosol, 
contrasting to drier climates, as in Australia, 
leading to the retention of radioelements in the 
soils profiles. 
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Figure 6 - Variations of radionuclide contents along the Eutrophic Red Nitosol (Alfisoil) 
profile. 
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Figure 7 - Variations of radionuclide contents along the Eutroferric Red Latosol (Oxisoil) profile. 
 
 
Australian climatic condition is similar to some 
parts of the Brazilian northeastern region, where 
certain soils accumulate high concentrations of 
salts in sub-surface by capillarity. Dowdall and 
O’Dea (2002), studying the radioactivity along the 
organic soil profiles in Ireland, observed that there 
was an increase in U along the profiles where the 
oxidation of organic matter was significantly 
reduced. Starting from a depth of approximately 
0.15-0.20 m, where the lack of oxygen leads to a 
predominantly reducing environment, the 
decomposition of organic matter by 

microorganisms is reduced and consequently the 
capacity of cation exchange is increased, which 
would increase U retention in such soils. 
A statistical summary of the radionuclide contents 
taken from random sampling of phosphatic 
fertilizers (two formulas) and gypsum piles, 
totaling 20 determinations, is presented in Table 9. 
Results showed that the concentrations varied 
largely, mainly in fertilizers. Thus, K, eU and eTh 
variations were from 603.0 to 522.4; from 647.6 to 
58.0, and from 753.9 to 10.82 Bq Kg1 respectively, 
with averages of 562.7, 352.8 and 382.3 Bq/Kg. 

 
Table 9 - Statistics for radionuclide contents in samples (n = 20) of fertilizers and gypsum. 

Fertilizers/formulas (N-P-K)  
5 – 25 – 25        0 – 16 - 25  Gypsum 

K eU eTh K eU eTh K eU eTh 

 

                                                                     Bq/Kg 
Minimum 341 385.0 567.36 403 51.66 5.3 0 552.27 155.8 

Maximum 992 911.43 985.3 651 63.97 14.65 93 656.82 183.96 

Average 603 647.60 753.90 522.4 58.0 10.82 51.1 607.31 170.33 

Median 573.4 634.06 758.85 527.0 57.8 11.40 62 609.47 170.13 

Standard 
Deviation 

 
185.6 

 
144.3 

 
88.48 

 
69.88 

 
3.89 

 
2.62 

 
32.2 

 
31.47 

 
8.25 

Variation 
Coefficient 
(%) 

 
30.78 

 
22.29 

 
11.74 

 
13.38 

 
6.7 

 
24.16 

 
63.0 

 
5.19 

 
4.8 

Skewness 0.65 -0.06 0.05 0.33 0.05 -0.45 -0.13 -0.25 0.20 

Kurtosis -0.12 -0.27 2.68 -0.44 -1.22 -0.6 -1.07 -0.71 -0.85 

 
 
Paschoa et al., (1984) analyzed U concentrations 
in samples of various types of fertilizers and 
obtained an average of 1,044.26 Bq/Kg; Yamazaki 

and Geraldo (2003), studying U contents in 
samples of NPK fertilizers from several Brazilian 
manufacturers, determined variations between 
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63.59 and 667.89 Bq/Kg and average of 333.25 
Bq/Kg. 
According to Pfister et al., (1976), the differences 
in radioactivity concentrations in various products 
are mainly due to the mode of fractioning during 
the chemical reaction in the acidulation phase of 
the phosphoric acid production. Products such as 
MAP (monoammonia phosphate) show that 
radium concentrations are ten times higher than 
those of uranium, due to the production process of 
such fertilizer, which uses ammonia, which in turn 
does not react with the phosphatic rock, which is 
the opposite of what happens with the U-rich 
phosphoric acid. Apatites in the phosphatic 
concentrates are destroyed by sulfuric acid during 
the production of superphosphates. However, 
uranium remains as uranyl and uranous sulfates, 
both soluble in water. Lacking organic matter and 
in sandy soils, U is usually mobile and is 
transported as a hexavalent carbonate complex or 
as a divalent uranyl ion (Rothbaum et al.1979). 
The radionuclide average contents found in the 
gypsum samples were 51.1; 607.31 and 170.33 
Bq/Kg respectively of K, eU and eTh (Table 5). 
Bolivar et al., (1995) indicated an average activity 
of 600 Bq/Kg U in the gypsum deposits, whereas 
Aguirre et al. (1995) cited 4.3 to 502 Bq/Kg U and 
2.4 to 156 Bq/Kg Th intervals in river sediments 
close to the fertilizer factories. Mazzili et al., 
(2000) analyzed the gypsum samples from four 
manufacturers and were obtained average values 
of 17.75; 27.75 and 128 Bq/Kg respectively of K, 
U and Th. 
 
 
CONCLUSIONS 
 
The Eutrophic Red Nitosol and Eutroferric Red 
Latosol of clayey texture retained more 
radionuclides than the Dystrophic Red Latosol of 
mixed texture. 
The radionuclide contents were lower in the area 
of native forest, when compared with the areas of 
agricultural activity, denoting the contribution of 
phosphatic fertilizers and gypsum in the  cultivated 
soil. 
The gamma-spectrometric measurements revealed 
differences in the radionuclide contents 
corresponding to the formula of the fertilizers. 
At the present, there was no cause for 
environmental alarm concerning the U, Th and K 
contents detected in the soils studied in this work. 
 

RESUMO 
 
Medições gamaespectrométricas foram obtidas em 
solos agrícolas objetivando caracterizar a 
distribuição espacial das concentrações de 
radionuclídeos (K, eU e eTh), bem como em 
amostras de fertilizantes fosfatados e gesso 
agrícola. Na área ocorrem três tipos de solos: 
Nitossolo Vermelho Eutrófico, Latossolo 
Vermelho Eutroférrico textura argilosa e Latossolo 
Vermelho Distrófico textura média. Constatou-se 
que as concentrações de radionuclídeos nos solos 
mais argilosos foram maiores do que nos solos 
mais arenosos, em função, principalmente, da 
maior adsorção pelos primeiros. Os teores médios 
em Bq/Kg de K, eU e eTh na área com atividade 
antrópica foram respectivamente de 54,75; 10,22 e 
7,27, significativamente maiores do que em áreas 
virgens sem aplicação de fertilizantes (34,15 de K; 
1,69 de eU e 5,36 de eTh). Foram também 
observadas variações nas concentrações de 
radionuclídeos em diferentes formulações de 
adubos utilizados nas culturas de soja e trigo.  
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