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ABSTRACT
The aim of this study is to evaluate the soil composition, the radioactive isotopes concentration and the
outdoor air Kerma in the region of the Uraniferous Province of Lagoa Real, Bahia State, located at northeast
of Brazil. It has used data from an airborne gamma-ray survey previously carried out in the region, namely
Projeto Sao Timoteo and computer simulations of the soil and radiation transport by the Monte Carlo
method. The simulation, considering environmental characteristics, mainly soil chemical composition and
density, provide means to evaluate the air Kerma rate due to radionuclides present in the different types of
soils. The evaluation was carried out considering the main contributors to the terrestrial natural
radioactivity: 40K and the isotopes of the radioactive series of 238U and 232Th. In radiometric studies used to
quantify exposure to natural radioactivity, a normal trend showed that regions with high values of the
surface distribution of radionuclides had the highest values of air Kerma. The highest value was found for
soil type LVe1 (146.40 nGy.h−1 average, ranging from 23.97 nGy.h−1 to 450.62 nGy.h−1), this type of soil
and most of the anomalies located in this region, being rich in silica minerals, is of granitic rocks type.
Keywords: Natural Radioactivity, Monte Carlo, Air Kerma, Airborne Gamma-Ray Survey
The radioactivity in a given soil is directly related to
radioactive material present in its composition due to
processes occurred during its formation. The airborne
gamma-ray survey reflects the geochemical variation of
K, U and Th from the top 50 cm of the surface of the
Earth (IAEA, 2003). Therefore, this study was based
on the fact that these features were preserved
according to a geological/pedological study of the
Brazilian
Agricultural
Research
CorporationEMBRAPA (1979). The soil map of the province
shown in Fig. 3 shows the uraniferous anomalies.
Computational simulation must be representative of
the actual scenario, hence, it was considered in the
simulation the soil composition of the Uraniferous
Province of Lagoa Real to calculate the air Kerma. The
soil’s density used for the simulation was 1.8 g.cm−3,
based on EMBRAPA (1979). The classification of
four types of soil in the province also followed the
pattern of EMBRAPA (1979), which were
characterized as: LVe1 (latosol eutrophic red/yellow),
LVe5 (latosol eutrophic red/yellow type A), LVd13
(latosol dystrophic red/yellow type A) and PE34
(podzolic red/yellow, equivalent eutrophic).

1. INTRODUCTION
The Province of Lagoa Real is located in southcentral portion of the state of Bahia in the northeastern
region of Brazil, as shown in Fig. 1. There are, in this
area, thirty three uraniferous anomalies which were
identified during an airborne gamma-ray survey, as part
of a project called Projeto São Timóteo held in 1979.
The distribution map of the surface absorbed dose
rate in air, obtained from the airborne gamma-ray survey
by the Projeto São Timóteo is shown in Fig. 2. The
average absorbed dose in air was 61.08 nGy.h−1, whereas
the highest values are related to the central region of the
map. According to Lobato et al. (1982) and Maruejol et al.
(1987) this region is composed essentially of granitic soil
and, in its entirety, is composed of minerals rich in silica
(albite, biotite, quartz). Dickson and Scott (1997) and
IAEA (2003) say that, in such a case, the soil has a high
content of K, U and Th. On the other hand, the soils
surrounding the province are derived from geologies
impoverished in silica, which is composed of basic
rocks and ultra-basic and, hence, present depleted
levels of K, U and Th.
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Fig. 1. Area of the Uraniferous Province of Lagoa Real

Fig. 2. Distribution of the absorbed dose rate in air in the
studied area
Science Publications

Fig. 3. Soil map of the Uraniferous Province of Lego Real
(EMBRAPA, 1979)
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of air of 1.205E-3 g.cm−3 density above ground to
account for scattering. The detection region consists of
an air filled sphere with a radius of 50 cm, centered at
1m above the soil-air interface.
As this study aims the determination of the air Kerma
in an open space, the source consists of gamma rays
emitted isotropically due to radioactive material
distributed homogeneously in the ground. The photons
were discarded only beyond the region of interest.
The results from the computational calculation by
Monte Carlo method are the score of the energy fluence
density over the detection region. The energy fluence
density is then multiplied by the energy transfer
coefficient (Nowotny, 1998) and integrated over the
energy range in order to calculate the air Kerma by
Equation 1 (ICRUM, 1980):

Table 1. Chemical composition of soil used for the simulation
Element
(%)
H
0,0589
C
O
48,5853
Na
2,2852
Mg
0,3135
Al
7,3351
Si
33,6924
P
0,0785
K
4,5326
Ca
0,9507
Ti
0,2218
Mn
0,0465
Fe
1,8996

Soil type LVe1 covers most of the province and it is the
pattern of a granitic geological origin, where most of the
uranium anomalies are found in the region. Furthermore,
soil type PE34, for example, which has the smallest
levels of anomalies, is related to basic rock and ultrabasic. Table 1 shows the chemical composition of soils
used for the simulation and Table 2 shows the
concentration of K, U and Th in the four soil types
encountered in the province.
This study uses the MCNP5 Monte Carlo computer
code for the simulationsin order to derive conversion factors
from soil concentration of natural radioactivity to air Kerma
rate. The radionuclides concentrations in the soil were taken
from the airborne gamma-ray survey data previously held in
the same area, namely Projeto São Timóteo.
Finally, the results of this study serve as a parameter
in the assessment of the radiological risk, since this area
contains a surrounding population of about 173.145
inhabitants. The production of energy must be conducted
in a safe manner for the environment, including humans
and biota and be aware that the mining industries may
generate large amount of Naturally Occurring
Radioactive Material (NORM).

K = ∅  E ( µ tr / ρ )air 

where,“K” is the air Kerma; “∅”is the energy
fluencedensity over the sphere surface; “E” is the photon
energy and “(µtr/ρ)air”is the mass energy transfer
coefficient for air (Nowotny, 1998).
Conversion factors from soil concentration to air
Kerma were determined for 50, 500, 1000, 2000 and
3000 KeV as shown in Table 3. The obtained curve was
used to calculate de conversion factors in the energy
range of the natural gamma emitters for the geometry
described previously. The curve was plotted and fitted by
Equation 2.
y = 41.6x − 1659

(2)

where, y is the outdoorair Kerma in Gy/Bq.s.m-3 and “x”
is the photon energy in KeV.
The results were compared to the values calculated
by Eckerman and Ryman (1993), which were calculated
for a similar geometry, but different chemical composition
and density of the soil, also shown in Table 3.
Table 2 Concentration of 40K, 238U and 232Th series
in the four soil types studied in the Uraniferous
Province of Lagoa.
It is possible to observe a similar pattern, with the air
Kerma values increasing with energy in a similar
manner. Although the results are very close, this
study’s values are lower with a difference of up to
16%, which is due to the differences in the soil
density and chemical composition.

2. MATERIALS AND METHODS
Monte Carlo methods have been widely used for
exposure calculation (Clouvas et al., 2000; Conti et al.,
1999; Jacob and Paretzke, 1987; Meckbach et al., 1996;
Salinas et al., 2006a; 2006b; 2007; LANL, 2003) and
have also been used in this study to perform the radiation
transport calculation.
The geometry considered was a 400 m radius open
field, without any surrounding construction; a 50 cm
layer of soil of 1.8 g.cm−3 density and chemical
composition according to the its type and; a 200 m layer
Science Publications
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Table 2. Concentration of 40K, 238U and 232Th series in the four soil types studied in the Uraniferous Province of Lagoa Real Projeto
São Timóteo, 1979
Average (Min.-Max.) in Bq.Kg−1
------------------------------------------------------------------------------------------------------------------------------------Soil
Potassium
Uranium
Thorium
PE34
528,97 (37,56-2065,80)
32,11(3,21-120,91)
59,72(6,90-280,83)
LVe1
845,97 (78,25-1871,74)
68,79(13,71-285,53)
139,06(25,01-421,27)
LVd13
610,35 (50,08-1777,84)
51,87(9,51-204,52)
107,39(18,55-366,13)
LVe5
732,42 (59,47-2169,09)
51,99(8,27-198,22)
101,09(15,23-345,14)
Table 3. Values of the outdoor air Kermacalculated for different energies (50, 500, 1000, 2000 and 3000 KeV)
(Gy/Bq.s.m−3)
--------------------------------------------------------------------------------------------------------------Results obtained
Literature
Energy (KeV)
by this work
(Eckerman and Ryman, 1993)
50
2,97E+02
3,16E+02
500
1,85E+04
2,15E+04
1000
4,04E+04
4,55E+04
2000
8,24E+04
9,35E+04
3000
1,22E+05
Table 4. Air Kerma rates for each type of soil due to 40K
[nGy.h−1], Average (Min.-Max.)
------------------------------------------------------------------------------------------------------------------------------------------Potassium
PE34
LVe1
LVd13
LVe5
40
K
21,35(1,52-83,39)
34,00(3,16-75,55)
24,64(2,02-71,76)
29,56(2,40-87,56)
Table 5. Air Kerma rates for each type of soil due to 238U series
238

U series
U
234
Th
234m
Pa
234
Pa
234
U
230
Th
226
Ra
222
Rn
214
Pb
214
Bi
210
Tl
210
Pb
Total
238

[nGy.h−1], Average (Min.-Max.)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------PE34
LVe1
LVd13
LVe5
1,17.10−4(1,17.10−5-4,41.10−4) 2,51.10−4(5,00.10−5-1,04.10−3)
1,89.10−4(3,47.10−5-7,46.10−4)
1,90.10−4(3,02.10−5-7,23.10−4)
3,44.10−2(3,44.10−3-1,30.10−1) 7,37.10−2(1,47.10−2-3,06.10−1)
5,56.10−2(1,02.10−2-2,19.10−1)
5,57.10−2(8,87.10−3-2,12.10−1)
8,97.10−2(8,97.10−3-3,38.10−1) 1,92.10−1(3,83.10−2-7,98.10−1)
1,45.10−1(2,66.10−2-5,72.10−1)
1,45.10−1(2,31.10−2-5,54.10−1)
2,13.10−2(2,13.10−3-8,01.10−2) 4,56.10−2(9,09.10−3-1,89.10−1)
3,44.10−2(6,30.10−3-1,36.10−1)
3,45.10−2(5,48.10−3-1,31.10−1)
3,79.10−4(3,79.10−5-1,43.10−3) 8,12.10−4(1,62.10−4-3,37.10−3)
6,12.10−4(1,12.10−4-2,41.10−3)
6,14.10−4(9,77.10−5-2,34.10−3)
1,65.10−3(1,65.10−4-6,22.10−3) 3,54.10−3(7,06.10−4-1,47.10−2)
2,67.10−3(4,90.10−4-1,05.10−2)
2,68.10−3(4,26.10−4-1,02.10−2)
4,39.10−2(4,39.10−3-1,65.10−1) 9,40.10−2(1,87.10−2-3,90.10−1)
7,09.10−2(1,30.10−2-2,80.10−1)
7,11.10−2(1,13.10−2-2,71.10−1)
3,05.10−3(3,05.10−4-1,15.10−2) 6,54.10−3(1,30.10−3-2,72.10−2)
4,93.10−3(9,05.10−4-1,95.10−2)
4,95.10−3(7,87.10−4-1,89.10−2)
1,74.100(1,74.10−1-6,53.100)
3,72.100(7,41.10−1-1,54.101)
2,80.100(5,14.10−1-1,11.101)
2,81.100(4,47.10−1-1,07.101)
1,24.101(1,24.100−4,68.101)
2,66.101(5,30.100-1,10.102)
2,01.101(3,68.100-7,91.10)
2,01.101(3,20.100-7,67.101)
8,91.10−3(8,91.10−4-3,35.10−2) 1,91.10−2(3,80.10−3-7,92.10−2)
1,44.10−2(2,64.10−3-5,67.10−2)
1,44.10−2(2,30.10−3-5,5.10−2)
2,30.10−3(2,30.10−4-8,66.10−3) 4,93.10−3(9,82.10−4-2,04.10−2)
3,71.10−3(6,81.10−4-1,46.10−2)
3,72.10−3(5,92.10−4-1,42.10−2)
14,36(1,44-54,08)
30,77(6,13-127,72)
23,20(4,25-91,48)
23,26(3,7-88,67)

The conversion factors from concentration to air Kerma
(nGy.h−1/Bq.Kg−1) were calculated for 40K and
radionuclides from the 238U and 232Th series and
multiplied by the value of the concentration (Bq.Kg−1)
for each soil type of the Province of Lagoa Real derived
from the Projeto São Timóteo data, shown in Table 2, in
order to calculate the air Kerma rate outdoor (nGy.h−1) as
shown in Equation 3:
 nGy.h −1 / Bq.Kg −1  .  Bq.Kg −1  = nGy.h −1
Science Publications

3. RESULTS
The results for the air Kerma rates for each type of soil
due to 40K is shown in Table 4 and 5 shows the
contribution of each radionuclide from the 238U series;
Table 6 shows the contribution of each radionuclide from
the 232Th series and Table 7 shows the total outdoor air
Kerma rate in the Uraniferous Province of Lagoa Real.
Figure 4 shows a comparison of the average values
of air Kerma over the entire surveyed area, including all
types of soils and each individual soil of the hot spots
studied in this study.
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Table 6. Air Kerma rates for each type of soil due to 232Th series
232

Th Series
Th
228
Ra
228
Ac
228
Th
224
Ra
220
Rn
212
Pb
212
Bi
208
Tl
Total
232

[nGy.h−1], Average (Min.-Max.)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------PE34
LVe1
LVd13
LVe5
1,45.10−3(1,68.10−4-6,82.10−3)
3,38.10−3(6,07.10−4-1,02.10−2) 2,61.10−3(4,5.10−4-8,89.10−3)
2,45.10−3(3,70.10−4-8,38.10−3)
0
0
0
0
1,31.101(1,52.100−6,18.101)
3,06.101(5,5.100-9,26.101)
2,36.101(4,08.100-8,05.101)
2,22.101(3,35.100-7,59.101)
2,05.10−2(2,36.10−3-9,62.10−2)
4,76.10−2(8,57.10−3-1,44.10−1) 3,68.10−2(6,36.10−3-1,25.10−1)
3,46.10-2(5,22.10−3-1,18.10−1)
1,28.10−1(1,48.10−2-6,02.10−1)
2,98.10−1(5,36.10−2-9,03.10−1) 2,30.10−1(3,98.10−2-7,85.10−1)
2,17.10-1(3,26.10−2-7,40.10−1)
8,92.10−3(1,03.10−3-4,19.10−2)
2,08.10−2(3,73.10−3-6,29.10−2) 1,60.10−2(2,77.10−3-5,47.10−2)
1,51.10-2(2,27.10−3-5,15.10−2)
1,53.100(1,77.10−1-7,18.100)
3,56.100(6,40.10−1-1,08.101)
2,75.100(4,75.10−1-9,37.100)
2,59.100(3,89.10−1-8,83.100)
1,57.100(1,82.10−1-7,39.100)
3,66.100(6,58.10−1-1,11.101)
2,83.100(4,88.10−1-9,63.100)
2,66.100(4,01.10−1-9,08.100)
1,87.101(2,16.100-8,78.101)
4,35.101(7,82.100-1,32.102)
3,36.101(5,80.100-1,14.102)
3,16.101(4,76.100-1,08.102)
35,07(4,05-164,88)
81,64(14,68-247,34)
63,05(10,89-214,97)
59,36(8,94-202,64)

Table 7. Total air Kerma rates for each type of soil to 40K+ 238U series + 232Th series
[nGy.h−1]
------------------------------------------------------------------------------Soil
(40K+ 238U series + 232Th series)
Total
PE34
Average
(21,35+14,36+35,07)
70,78
Min.
(1,52+1,44+4,05)
7,00
Max.
(83,39+54,08+164,88)
302,36
LVe1
Average
(34,00+30,77+81,64)
146,40
Min.
(3,16+6,13+14,68)
23,97
Max.
(75,55+127,72+247,34)
450,62
LVd13
Average
(24,64+23,20+63,05)
110,89
Min.
(2,02+4,25+10,89)
17,17
Max.
(71,76+91,48+214,97)
378,22
LVe5
Average
(29,56+23,26+59,36)
112,18
Min.
(2,40+3,70+8,94)
15,04
Max.
(87,56+88,67+202,64)
378,87

Fig. 4. Comparison of external gamma exposure between the Projeto São Timóteo (total area) and computer simulation results for
each soil type in the area of the Uraniferous Province of Lagoa Real

described a removal of potassium rocks of the province
during a geochemical process known as sodium
metasomatism, where potassium has been largely replaced
from the rock and thus triggered their increased
concentration in the surface. The dispersion between the
minimum and maximum of air Kerma rate due to 40K and

4. DISCUSSION
The soil type LVe1 showed the highest average value
(34 nGy.h−1) due to 40K as shown in Table 4.
Maruejol et al. (1987) reports a high concentration of
potassium in the soil of the Province of Lagoa Real and
Science Publications
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As shown in Table 7, the estimated contribution of
K, 232Th and 238U series for the outdoor air Kerma rate
ranged, on average, from 70.78 nGy.h−1, for soil type
PE34, to 146.40 nGy.h−1, for soil type LVe1, which is
the world estimated average for air Kerma rate for
outdoor environments. Considering the contribution of
40
K, 232Th and 238U series, the maximum value of air
Kerma rate was found to be 450.62 nGy.h-1, for soil type
LVe1 and the lowest value to be 7 nGy.h−1, for soil type
PE34.The contribution of the background radiation is 59
nGy.h−1, varying from country to country in the range of
18 nGy.h−1to 93 nGy.h−1 (UNSCEAR, 2000).
In percentage terms, the 40K contributes about 30%
(soil type PE34), 232Th series contributes, at most,
about 58% (soil types LVe1 and LVd13) and 238U
series on average about 20% (soil types PE34, LVe1,
LVd13 and LVe5) to the total air Kerma rate in each
type of studied soils.
The gamma rays due to the 235U series contribute
very little to the gamma ray field at the ground surface in
natural environment. Uranium in nature is distributed
around 0.7% of 235U and about 99.3% of 238U and hence
the series of the latter is much more relevant for
assessing the radiological risk.

the soil types are also shown on Table 4 which are typical
for radiometric measurements in areas with radioactive
anomalies, because of the differences between the values
mapped on the anomalies and the surrounding areas.
According to Saito and Jacob (1995), more than 90%
of the air Kerma rate of the 238U series originates from
the contribution of two radionuclides only, 214Bi and
214
Pb which is confirmed by this study. As shown in
Table 5, the largest contribution from the 238U series is
due to the 214Bi (~85%) and secondarily due to the 214Pb
(~12%), considering the average values for all soil
types. This explains why, for example, the photon energy
of 1.76 MeV of 214Bi can be used as reference for
detecting the spectrum channel tracking uranium.
The values of the air Kerma rate shown in Table 4
and 5 are highly dependent on the variation of the
concentration values shown in Table 2, following the
trend of their behavior in each type of soil, which
implies higher values for soil type LVe1 and lower to
the soil type PE34.
Regarding the 232Th series, as shown in Table 6, it is
estimated that the radionuclides 228Ac and 208Tl
contribute with about 90% and radionuclides 212Pb and
212
Bi with about 9% to the total air Kerma. These data is
also in agreement with the results presented by Saito and
Jacob (1995) for this series. It explains the reason why
the 2.6 MeV gamma energy of the 208Tl can be used as
reference for the screening of thorium. In the simulations
proposed, the photons due to 228Ra decay were
completely attenuated in the path source-detector and
that is the reason why its contribution was nearly zero.
Considering the average values, the results for air
Kerma rates for the 232Th series, as shown in Table 6,
are higher for soil type LVe1 followed by types
LVd13 and LVe5, showing very close values and type
PE34 as the soil with lowest values.
LVd13 and LVe5, showing very close values and
type PE34 as the soil with lowest values.
Kerma rates for the 232Thseries, as shown in Table
6, are higher for soil type LVe1 followed by types
LVd13 and LVe5, showing very close values and type
PE34 as the soil with lowest values.
proposed, the photons due to 228Ra decay were
completely attenuated in the path source-detector and
that is the reason why its contribution was nearly zero.
Considering the average values, the results for air
Kerma rates for the 232Thseries, as shown in Table 6,
are higher for soil type LVe1 followed by types
LVd13 and LVe5, showing very close values and type
PE34 as the soil with lowest values.
Science Publications
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4. CONCLUSION
This study aims de evaluation of soil type and air
Kerma above ground in the Province of Lagoa Real
located Brazil based on the data originated from aerial
survey of the Projeto São Timóteo project.
As expected, he levels of natural radionuclides are
directly linked to the content of silica in rocks and soils,
confirming the pattern determined by IAEA (2003) and
Dickson and Scott (1997). Therefore, regions rich in
silica exhibit radiometric measurements with higher
values. Furthermore, regions derived from basic and
ultra-basic rocks have lower levels of radionuclides and,
consequently, lower levels of radiometric measurements.
Soil type LVe1, which is rich in silica, presents
higher values of air Kerma for 40K (34 nGy.h−1 average)
and the radioactive series of 238U (30,77 nGy.h−1 average)
and 232Th (81,64 nGy.h−1 average), while soil type PE34,
which is derived from basic and ultra-basic rocks present
the lower values of air Kerma for 40K (21,35 nGy.h1
average) and the radioactive series of 238U (14,36 nGy.h−1
average) and 232Th (35,07 nGy.h−1 average).
The simulation results also reflected the behavior of
external gamma exposure data of airborne gamma-ray
survey previously conducted in the region of the
province as shown in Fig. 4. It also shows the greater
25
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contribution of 232Th series, present in higher
concentrations than the 238U series and the sodium
metasomatism event that occurred in the province
increased the surface contribution of 40K.
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