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Abstract — Naturally occurring radionuclides were investigated in soil samples collected from a tropical rainforest in
the Western Ghats, India. For comparison, a number of soil samples from nearby meadows (open grassland) were also
studied using gamma-ray spectrometry. Average values of the activity concentration of radionuclides, outdoor gamma-
ray dose rate, annual effective dose equivalent and radiation hazard indices from soil activity were estimated. Significant
differences were found between the soils from the forest and meadow sites: the meadow sites contained higher natural
radionuclide concentrations than the forest sites. The activity concentration of 2>Th and average outdoor gamma-ray
dose rates were found to be higher than the global average in both ecosystems, so high gamma radiation appears to affect
the Western Ghats environment. Therefore, the radiological risks to the general population from ionizing radiation from
the naturally occurring radionuclides in the soil are considered to be significant. However, other radiological hazard

indices that were calculated were within acceptable limits.
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1 Introduction

The natural radioactivity level can vary considerably be-
tween soil types, and it is usually determined from the 233U,
232Th and *°K concentrations in the soil (OECD, 1979). Spa-
tial variations in the external gamma-ray dose rate mean that it
is essential to measure radionuclide concentrations in soil sam-
ples taken from around a particular site of interest rather than
solely at the site itself. The external gamma-ray dose varies
depending on the concentrations of the natural radionuclides
2387 and 232Th, their daughter products, and 40K in the soil,
and these, in turn, depend on the local geology (Radhakrishna
et al., 1993; Quindos et al., 1994). Previous research indicated
that the activity concentration of thorium is high in the region
of the Western Ghats, located along the western coast of India,
especially around the Nilgiri hill station, due to the presence of
monazite sand (Iyengar et al., 1990; Selvasekarapandian et al.,
1999; Manigandan and Chandar Shekar, 2014). The external
radiation levels from monazite sands in India are higher than
those in Brazil, and a high content of thorium and traces of
uranium are also present in these areas. These radionuclides
may have scattered during igneous, sedimentary and metamor-
phic cycles of geological evolution, leading to small deposits
following certain geological processes. Thus, our study area,
in the Western Ghats, India, is in a high background radiation
zone, and exposure to external radiation in this area is caused
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by gamma rays emitted by radionuclides in monazite sands
that originated in granites and gneisses. Monazite sands con-
tain phosphates of a number of elements, including cerium and
radioactive thorium (Mishra, 1993; Sunta et al., 1982).

Exposure to gamma radiation from radioactive materials in
a forest ecosystem depends on the geological and geographi-
cal conditions, and will be different in different areas. Forest
sites differ from meadow sites in several important ways, the
main one being that meadow soils are periodically plowed and
fertilized, whereas forest ecosystems, being relatively undis-
turbed, have relatively clear subdivisions between the upper
(mainly organic) and lower (mineral) horizons. These horizons
differ in several important characteristics, including pH, mois-
ture content, nutrient status and biological activity (Frissel
et al., 1990). Meadows are often monocultures, whereas forest
ecosystems are species-rich. Anthropogenic activity, particu-
larly application of phosphate fertilizer, significantly increases
the radioactivity level of cultivated soil as compared with soil
from forests. The cycling of radionuclides is, therefore, much
more difficult to understand in forests than in simple meadows.
In particular, the great variability found in radioactivity data
for the soils, plants and animals in forests makes it difficult for
policy-makers to formulate reliable analytical models.

In this study, we aimed to assess the environmental radi-
ation levels in virgin and contaminated soils collected from
the Western Ghats. We compared the results with national
and global means. The results will be useful baseline data
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Figure 1. Study area: Nilgiris District.

for natural radioactivity levels in the study area and surround-
ing region, and will be useful for assessing the radiation doses
received by the local population.

2 Materials and methods
2.1 Study area

The soils analyzed were collected at an elevation ranging
between 2000 and 2400 m the Nilgiri Highlands, Tamil Nadu,
South India, which are situated between 11° 00" and 11° 30’ N
and between 76° 00" and 77° 30" E. The Nilgiri massif is lo-
cated at the junction between the Eastern and Western Ghats,
and is bounded by abrupt slopes. The study area is shown in
Figure 1. The vegetation above 2000 m in the highlands is a
mosaic of high-elevation evergreen forests, called ‘shola’ lo-
cally, and grasslands with different compositions of flora, in-
cluding C4 grasses (Sukumar et al., 1995; Rajagopalan et al.,
1997).

2.2 Sample collection

The study area was divided into a 4-km grid and soil sam-
ples were collected from forest sites at 15 sampling points
in the natural, uncultivated and grass-covered level areas
within the grid, conforming with International Atomic Energy
Agency recommendations (IAEA, 1989). The 15 sampling
points followed a zig-zag pattern. Five 20-cm-deep samples
were collected at equal distances along a 1-m circle around
the center of each sampling point. This sampling method was
used to improve the representativeness of the samples. The po-
sition and elevation of each sampling point was determined
using a global positioning system. A similar sample collec-
tion method was adopted at 25 sampling points from cultivated
fields (meadow sites) around Nilgiris District.

2.3 Sample processing

The soil samples were transported to the laboratory, and
plant roots and other unwanted materials such as grass, stone
and biological material were removed. The samples were then
dried in an oven at 105 °C for 12—24 h, ground, and passed
through a 2-mm sieve. About 400 g of dry sample were
weighed into a 250-mL plastic container, which was capped
and sealed. The container was sealed to ensure that none of
the daughter products of uranium and thorium that were pro-
duced, particularly radon and thoron, could escape. The pre-
pared samples were stored for 1 month before counting to en-
sure that equilibrium had been established between radium and
its short-lived daughters. Detailed gamma-ray spectrometry
analysis was performed on the soil samples (Manigandan and
Chandar Shekar, 2014).

2.4 Activity determination

The samples were analyzed using a Nal(Tl) spectrometer
coupled with a TNIPCAII Ortec model 8K multi-channel an-
alyzer. The 2**Th-series, >*¥U-series and “°K activities were
estimated, as were the amounts of these radionuclides that
would enter the air from the soil. A 3 inch x 3 inch Nal(T1)
detector was used, with adequate lead shielding, which re-
duced the background by a factor of 95. The energies of
interest were found using an International Atomic Energy
Agency standard source and the appropriate geometry. RGU-1
(uranium ore), RGTh-1 (thorium ore) and RGk-1 (potas-
sium sulfate) reference sources with an activity of 1065 Bq,
1608 Bq and 4810 Bq were used in efficiency calibra-
tions and these standards were obtained from the Radio-
logical Safety Division, Indira Gandhi Centre for Atomic
Research (IGCAR), Kalpakkam. The system was calibrated
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Table 1. Statistical summary of >**U, 2>Th and *’K activity concentrations in the meadow (reproduced from Manigandan and Chandar Shekar,

2014) and forest soil samples.

Ecosystem Meadow sites (25 samples) Forest sites (15 samples)
238U 232Th 40K 238U 232Th 40K
Radionuclides O O O O O O
(Bg.kg™) (Bg.kg™) (Bq.kg™) (Bq.kg™) (Bq.kg™) (Bg.kg™)

Mean + o 36.3 = 17.3 107.8 + 50.4 231.9 + 84.3 26.3 +9.1 53.6 = 10.4 204.1 + 30.4
Standard Error 35 10.1 15.9 2.3 2.7 7.8
Range 12.4-85.8 30.3-204.1 83.1-411.6 15.1-4.2 39.2-76.1 127.5-248.1
Confids level

onhidence feve 0.22 0.64 1.07 0.15 0.17 0.50

(95.0%)

o = Standard deviation.

in terms of both the energy response and the counting effi-
ciency. The density of the sample used for the calibration was
1.3 g.cm™, which was the same as the mean density of the
soil samples analyzed (1.24 g.cm™); the detector was very
well shielded, and the counting time was 20000 s for each
sample. The concentrations of the radionuclides of interest
were determined using the counting spectrum for each sam-
ple. The peaks were 1.46 MeV for “°K, 1.76 MeV for 2'“Bi
and 2.614 MeV for 298T1 , for evaluation of the “°K, 23U-
series and 2*’Th-series activities, respectively. The Below De-
tectable Limits (BDL) was 18.9 Bq.kg™! for °K, 2.03 Bq.kg™!
for 214Bi and 4.7 Bq.kg™! for 2°®TI, and they were estimated
using the formula suggested by Kpelgo et al. (2011). The
gamma-ray spectrum activities for each soil sample were an-
alyzed using dedicated software, and references were chosen
to achieve sufficient discrimination (Manigandan and Chandar
Shekar, 2014).

In addition to the gamma-ray spectrometric analysis,
a low-level survey environmental radiation dosimeter (type
ER 705; Nucleonic System PVT Ltd., Hyderabad, India) was
used to measure the ambient radiation levels in the study areas
directly associated with radionuclide activity concentrations in
the samples and cosmic rays. The dosimeter had a halogen-
quenched Geiger—Miiller detector (Ind. Inc., USA) powered by
a rechargeable battery, and was designed to read the exposure
rate at two levels, 0.1 uR.h™" and 1 uR.h™!. The dosimeter was
calibrated using a standard source before use. Outdoor terres-
trial gamma dose rates were measured at 1 m above the ground
by a portable digital ERD at all the sampling sites. A total of
five readings were recorded at each spot and the average taken
(Manigandan and Chandar Shekar, 2014).

3 Results and discussion

The 233U, 2*2Th and *°K activity concentrations were de-
termined for the two soil sample types measured, and the
mean activities, the standard deviations and activity ranges are
shown in Table 1.

It can be seen from Table 1 that the mean 2*’Th activ-
ity concentration in the meadow samples was twice that in
the forest samples, and that the >3 Th activity concentrations
in both ecosystems were much higher than the global mean,
45 Bq.kg™! (UNSCEAR, 2008).

The relatively high 2*>Th activity concentrations at
both sites were caused by the presence of monazite.
Valithan et al. (1994) reported that deposits of monazite on
the coastal areas of Kerala and Tamil Nadu formed due to
the weathering of rocks in the Western Ghats. Monazite sands
consist of phosphate minerals with elements such as cerium,
and occur as small brown crystals in the Kerala sands. These
monazite sands are mined for cerium and radioactive thorium
oxide. The sands originate in the granites and gneisses of the
Western Ghats, and are transported to the coast by more than
47 streams along the Kerala coastline.

However, the mean 2%U and “°K activity concentra-
tions were lower than the global means, 32 Bq.kg™' and
412 Bq.kg™!, respectively (UNSCEAR, 2008).

There were no major differences in the activity concentra-
tions in the virgin and agricultural soils in the study area. How-
ever, slightly higher activity concentrations were measured in
the meadow samples, which would have been caused by agri-
cultural activities redistributing the radionuclides in the soil
profile.

3.1 Dose calculations and field measurement
3.1.1 Absorbed and observed dose rates

The absorbed dose rate (D) due to gamma radiation in air
at 1 m above the ground surface for uniform distribution of the
naturally occurring radionuclides was calculated, and in sifu
measurements were also carried out site by site using an envi-
ronmental radiation dosimeter.

The mean 28U, 232Th and “°K activity concentrations were
converted into dose rates using conversion factors provided by
UNSCEAR (2008), as shown in equation (1):

D = (0.462 Cy + 0.604 Cy, + 0.0417 Cx) nGy.h™" (1)

where D is the calculated absorbed dose rate (nGy.h~!) and
Cy, Cr, and Cx are the 28U, %2Th and “°K activities
(Bq.kg™") in the soil samples, respectively. It can be seen
from Table 2 that the 2*>Th-series contributed 71% of the total
gamma-ray dose in both ecosystems, whereas the 2*¥U-series
and “°K contributed 19% and 10% of the total gamma-ray
dose.

The forest site calculated absorbed dose rates ranged from
38.9 nGy.h™! to 76.7 nGy.h™!, and the mean was 53.0 +
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Table 2. Statistical summary of dose rates for the two ecosystems studied.

Ecosystem Meadow sites (25 samples) Forest sites (15 samples)

Calculated Observed Annual effective Calculated Observed dose Annual effective
Dose rate absorbed dose dose dose equivalent absorbed dose (nGy.h™") dose equivalent

(nGy.h™!) (nGy.h™!) (uSv) (nGy.h™") (uSv)
Mean + o 91.5 + 34.0 133.3 £ 183.3 1123 £+ 41.7 53.0+ 114 97.0 + 13.0 65.0 = 13.8
Standard Error 6.8 36.6 2.9 34 3.6
Range 39.1-153.4 20.7-992.7 48.0-203.8 38.9-76.7 83.0-123.8 47.8-94.1
Confidence level 0.43 2.32 0.53 0.19 021 0.23
(95.0%)

o = Standard deviation.

11.4 nGy.h~!. The meadow site calculated absorbed dose rates
ranged from 39.11 nGy.h™! to 153.40 nGy.h™!, and the mean
was 91.5 + 34.0 nGy.h™'. The calculated absorbed dose rate
in both ecosystems exceeded the global mean of 56 nGy.h™!
(UNSCEAR, 2008).

The outdoor gamma-ray dose rates measured 1 m above
the ground using a portable digital environmental radiation
dosimeter are presented in Table 2. The mean global outdoor
gamma-ray dose rate was found to be 60 nGy.h~!, and the
range was found to be 10-200 nGy.h~! (Taskin et al., 2009).
The mean observed gamma-ray dose rates in the study area
were 97.0 nGy.h™! at the forest sites and 133.3 nGy.h~! at the
meadow sites, which are both much higher than the global
mean. The gamma radiation level is directly associated with
the radionuclide activity concentrations in the samples and
with cosmic rays (Taskin ez al., 2009). The observed gamma-
ray dose rate was more than 50% of the dose calculated from
the soil activities, and the difference would have been caused
by the cosmic radiation contribution to the total dose in the
Western Ghats environment, which is 2400 m above sea level.

3.1.2 Annual effective dose equivalents

The absorbed dose to effective dose conversion coefficient
(0.7 Sv/Gy) and outdoor occupancy factor (0.2), which have
been proposed by UNSCEAR (2008), were used to estimate
the annual effective dose rates, as shown in equation (2):

Effective dose rate (Outdoor) (uSv/y) =
D (nGy/h) x 8760 h x 0.7 Sv/Gy x 0.2 x 107>, (2)

The mean outdoor annual effective dose equivalents calculated
for the samples are shown in Table 2. The mean outdoor an-
nual effective dose equivalent for the forest sites was 65.0 +
13.8 uSv, which is lower than the global mean value of 70 uSv
per year for outdoors (Orgun et al., 2007). However, the mean
outdoor annual effective dose equivalent for the meadow sites
was 112.3 + 41.7 uSv, which is much higher than the global
mean, and this may be attributed to the higher 23> Th activity
concentrations found in the soil from the meadow sites. Even
though the outdoor annual effective dose equivalents for the
samples from the meadow sites were much higher than the
global mean value, this was not significant from the radiologi-
cal hazard point of view.

3.2 Radiation hazard indices

A common radiological index, called the radium equiva-
lent activity (Racq), is used to represent the **U, #**Th and *’K
activities as a single quantity. Raq is calculated using equa-
tion (3) (Beretka and Mathew, 1985):

Raoy(Bq/kg) = (Cy + 1.43 Crj, +0.077 C)...... 3)

where Cy, Crj;, and Ck are defined as in equation (1) above.

Another radiation hazard index, called the representative
level index, I, is defined using equation (4) (Ahmed and
El-Arabi, 2005):

1 1 1
L, = Cy+ Cry + (&
" T 150 Bg/kg U 100 Bg/kg " 1500 Bg/kg ¥

where Cy, Crj;, and Ck are defined as in equation (1).

The Ragq and I, values for the samples analyzed in this
work are shown in Table 3.

Based on the annual external dose of 1.5 mGy, activity lim-
its in terms of Raeq and I, are 370 Bq.kg™! and 1, respec-
tively, for the safe use of soil products. It was observed that
the Raeq values in the soils we analyzed were lower than the
maximum value allowed, 370 Bq.kg™' (Beretka and Mathew,
1985). The Ragq values were much higher for the meadow sites
than for the forest sites, mainly because of the use of fertilizers,
which are rich in phosphates, on the meadow sites for agricul-
tural purposes (Ahmed and El-Arabi, 2005). Phosphate rocks
contain significant concentrations of U, Th, Ra, and their de-
cay products (Skorovarov et al., 2000).

The I,; values for the samples analyzed in this study are
shown in Table 3. The mean I, value for the meadow samples
exceeded the upper limit (one), but the forest samples did not
exceed the limit.

3.3 Comparison of the activity concentrations
with those found in similar studies

The 28U, 22Th and “°K activity concentrations, and Racg,
and L, for the samples from the forest and meadow were com-
pared with the values found in similar studies in other coun-
tries, and the results are summarized in Table 4.

According to UNSCEAR (2008), the global 2*Th activ-
ity concentration range is 7-50 Bq.kg™! (mean 45 Bq.kg™).
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Table 3. Statistical summary of the radium equivalent activity (Raq) and

Dose rate Ra. (Bq.kg™)
Mean + o 208.3 +79.4
Standard Error 15.9
Median 188.4
Range 86.93-379.22
Confidence level (95.0%) 1.01

263

the representative level index (I,,) in the meadow and forest samples.

L, Ra, (Bq.kg™) L,
1.47 + 0.6 118.6 +£25.3 0.85+0.2
0.11 6.5 0.05
1.4 106.4 0.76
0.61-2.69 86.44-172.08 0.63-1.22
0.007 0.42 0.003

o = Standard deviation.

Table 4. Comparison of the *%U, ***Th and “°K activity concentrations, radium equivalent activity (Racq) values, and representative level
index (I,;) values found in soil and fertilizer samples in this and other studies.

India Virgin soil 26.26 53.61 231.93
Agri soil 36.31 107.7 231.93
. Virgin soil 47.01 43 329
Algeria Agri soil 53.2 50.03 311
. Virgin soil 1.69 5.32 34.15
Brazil .
Agri soil 10.22 7.27 54.75
Egypt Virgin soil 13.7 12.3 1233
Agri soil 366 66.7 4
. Virgin soil 27.39 31.16 602.77
Pakistan Agri soil 5196 4248 847.22

2101:.268 (1):; This study

ii 0'19 : Wassila et al., 2011
2158 g; Becegato et al., 2008
4112?:3 13'?14 Ahmed and El-Arabi, 2005
giﬁi 12? Akhtar et al., 2005

*Agri Soil: Agricultural Soil.

The measured 23*>Th activity concentrations in the study area,
for both forest and meadow soils, were between 1.5 and
2.5 times higher than the global mean.

The measured >*3U and “°K concentrations in the soil sam-
ples from the forest and meadow sites were within the global
range, but the soils from the meadow sites contained higher
concentrations than the forest sites.

As shown in Table 4, the radioactivity found in forest and
meadow soils varies from country to country. It is important
to note that the values shown are not representative values for
the countries mentioned, but only for the regions in which the
samples were collected.

4 Conclusions

The radioactive concentrations in soil samples from forest
and meadow sites in the Western Ghats, India, were measured
using a gamma-ray spectrometry technique. The naturally oc-
curring radionuclide activity concentrations in the soil samples
were within the usual global ranges (UNSCEAR, 2008), but
the 2%2Th activity concentrations were at the higher end of the
global range. The naturally occurring radionuclide concentra-
tions were much higher in the meadow samples than in the
soil samples. Variations in the activity levels in the forest soil
samples were within the activity values measured around the
world, but this was not the case for the meadow soil samples.
The mean outdoor terrestrial gamma-ray dose rate was higher
than the global mean, so the Western Ghats region should be

classified as having above the global average background radi-
ation. It should also be noted that the calculated activity utiliza-
tion index from the meadow sites was also found to exceed the
recommended safe limit values. This implies that the inhabi-
tants of the meadow sites are subjected to a significantly higher
radiation exposure than the corresponding exposure levels re-
ported in other areas worldwide. Despite this, all of the other
calculated radiological hazard indices were within acceptable
limits, indicating that the soils in this area can be used safely.
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