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Naturally occurring radionuclides such as uranium-238 23%U, 232Th, and *°K are primordial
in origin and constitute the major sources of terrestrial background radiation. These radionu-
lides are widely distributed in rocks and soils, and their concentrations vary depending on
geological and geochemical characteristics. Through root uptake mechanisms, radionuclides
present in soil can be transferred to plants, thereby entering the food chain. Prolonged inges-
tion of contaminated plant materials may result in internal radiation exposure, highlighting
the importance of environmental radioactivity assessment in radiological protection studies
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[1]. Medicinal plants play a vital role in traditional healthcare systems in India and are fre-
quently consumed either directly or in processed forms over extended periods. Owing to their
mineral absorption capacity and bioaccumulation behavior, these plants can uptake radionu-
clides and trace elements from the soil in which they grow [2]. The extent of radionuclide
accumulation depends on several factors, including soil composition, radionuclide mobility,
plant species characteristics, and soil—plant transfer mechanisms. The Bidar region of

can influence the natural distribution and concentration of radionuclides in soil
the widespread use of medicinal plants from this region, systematic studies in

health risks remain limited [3].Therefore, the present study was undert
activity concentrations of 238y, B2Th, and *°K in selected medicinal

environmental radioactivity in the region and contribute to
medicinal plant consumption.

2 Theory

Bidar district is situated in the northeastern part
the Deccan Plateau region. Geograpiiice he dist ends between approximately
17°35’-18°25" N latitude and 76°42'-7°:3 with an average elevation ranging
from about 600-700 m above

flows overlain by lateriti i These geological formations are known to
i o aPradionuclides such as 238U, 232Th, and “°K.
The climate of Bj 1S i haracterized by moderate to high temperatures and

seasonal rainfa i he southwest monsoon. The soils are generally rich in iron
and aluminu ization processes, which may affect radionuclide mobility
and soil- characteristics. The region supports diverse vegetation, including
naturald@erowing an ivated medicinal plant species widely used in traditional healthcare

s. Owing to its inct geological setting, soil composition, and vegetation pattern,
i a suitable natural laboratory for investigating the distribution, transfer, and
implications of naturally occurring radionuclides in soil—plant systems.

rials and Methods
3.1 Sample Collection

A total of 3 medicinal plant samples selected species commonly used in traditional medicine
and their corresponding 3 soil samples were collected from different places in the Bidar dis-
trict, Karnataka. Sampling sites were selected to represent varying geological and environ-
mental conditions within the region. Soil samples were collected from the rhizosphere zone
at a depth of 0-10 cm using a clean stainless-steel auger to ensure representative sampling.
Approximately 1 kg of soil was collected at each site. Plant samples were collected from the
same locations to maintain soil-plant correspondence for transfer analysis.
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3.2 Sample Preparation

Soil samples were air-dried under laboratory conditions, oven-dried at 105°C to remove mois-
ture, crushed, homogenized, and sieved through a 2mm mesh. Plant samples were thoroughly
washed with distilled water to remove adhered soil particles and oven-dried at 60—80°C.until
constant weight, and ground into fine powder. All processed samples were packed in
cleaned, airtight, and radon-impermeable containers of known geometry. The sampls
sealed and stored for a minimum of 30 days to ensure secular equilibrium between
its progeny (for 233U series) and between *Ra and its progeny (for 2*>Th seri

3.3 Gamma-Ray Spectrometric Analysis

gamma sources of known activity. Background
from sample spectra [6]. The activity concentrati ted using:

e rate in air (nGy h~') was calculated using:

D = 0.462Ay + 0.604A7;, + 0.0417Ag 2)
Where AU, ATh and AK are activity concentrations (Bgkg™') of 233U, 232Th, and *°K, re-
ectively (UNSCEAR).
3.4.2 External Hazard Index (Hex)

Ay  Ary  Ag
H, =2V 21
=370 " 259 T 1810

3

For safe use, Hex<1.
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3.4.3 Internal Hazard Index (Hin)

AU Arp  Ag
H., = —=
"= 185 259 ' 4810
The value of Hin should also be less than unity to minimize internal exposure risks.

“

3.4.4 Annual Effective Dose Equivalent (AEDE)
The annual effective dose equivalent (mSv y~') was calculated as:
AEDE = D x 8760 x 0.2 x 0.7 x 107° (

Where,8760 = hours per year, 0.2 = outdoor occupancy factor and dose ¢

version coefficient (ICRP).

4 Results and Discussion
4.1 Activity Concentrations of Natural Radio

uclides in the collected
tion of 23U ranged from
9.3 Bq kg~ 'are presented
1de reference level of 33 Bq
oncentration varied between 11.0 +
. 4 Bq kg~!. The average thorium
alue of 45 Bq kg™'. Such elevation may be
s of the study area, particularly the presence
ing products [8] The activity concentration

- 0644 + 1.9Bqkg™! with a mean value of 603 +
than the global average of 420 Bq kg~'. Elevated potassium
dspar-rich soils and agricultural inputs that contribute to

The measured activity concentrations of natural
soil samples demonstrate noticeable spatial variati
22.4 + 0.2 t039.3 + 0.3 Bq kg~! with 3
in Table 1. This mean value is slightly !
kg~ 'reported by the UNSCEAR. For 2
0.6 and 84.1 + 0.5 Bq kg! yielding a

centrations (Bq kg™!) of 233U, 232Th and “°K in soil samples

238U 232Th 40K
239+02 84105 523+0.5
rpus heterophyllus Lam 393+£03 11.0+06 644+19
gium cumini 224 +02 67.7+04 642+1.2
Mean + SD 285+93 543+374 603 +69
onal Recommended Value (UNSCEAR, ICRP) 33 45 420

4.1.1 Radiological Hazard Parameters for Soil Samples

The calculated radiological hazard parameters for soil samples are also presented in Table 2.
The absorbed gamma dose rate ranged from 15.08 + 19.70 to 78.01 + 19.70 nGy h™!, with a
mean value slightly higher than the global average of 59 nGy h™! reported by UNSCEAR. El-
evated dose rates at certain locations can be attributed to higher >*>Th and “°K concentrations
associated with basaltic geology[10].
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The radium equivalent activity (Ra.q) varied between 168.64 + 45.18 and 254.77 +
45.18 Bqkg™!, which is well below the recommended maximum limit of 370 Bqkg™'. Simi-
larly, both the external hazard index (H.y) and internal hazard index (Hj,) were less than unity
for all samples, indicating that radiation exposure from these soils remains within permissible
safety limits.

The estimated annual effective dose equivalent (AEDE) ranged from 0.096 + 0.0
0.141 + 0.023 mSv y~!, which is significantly lower than the recommended public e
limit of 1 mSvy~! suggested by the ICRP. Therefore, the soil samples from the Bié
do not pose significant external or internal radiological risks[11, 12].

Table 2. Radiological parameters in soil samples

SI. No. Medicinal Plant Sample Dose Rate (nGy h™T)  Ra,, (Bqgkg™) H,,
1 Hibiscus rosa-sinensis 83.65 + 19.70 184.43 £45.18  0.498 +0.12
2 Artocarpus heterophyllus Lam 15.08 + 19.70 25477 +45.18  0.688 + 0,
3 Syzygium cumini 78.01 + 19.70 168.64 +45.18  0.455 4
Mean + SD 65.60 + 30.77 202.61 +45.18  0.54
International Recommended Value (UNSCEAR, ICRP) 59 370

0.516 +0.15
0.624 + 0.15

4.2 Activity Concentrations of Natural Radio

the analyzed medicinal
ere below the detectable
uranium and thorium in-
ounding soil matrix into plant
om 357 + 17 to 432 + 18 Bq kg™!

The activity concentrations of naturally occurrin
plant samples revealed the presence of “’K, while
limit (ND) are presented in Table 3.
dicates minimal uptake of these radio
tissues. The measured *“°K activity concé
with moderate variation among

/G 2B2Th R
ND* ND 357+ 17
ND ND 432 + 18
cumini ND ND 407 + 20
Mean + SD - - 398 + 38.2
Recommended Value (UNSCEAR, ICRP) 33 45 420

tected

4.2.1 Radiological Hazard Parameters for medicinal plant Samples

Absorbed Dose Rate Since 2*U and 2*Th were not detected, the absorbed gamma dose rate
was calculated solely from “°K contributions, as presented in Table 4. The estimated dose
rate varied from 14.89 to 18.01 nGy h~!, with a mean value of 16.62 + 1.56 nGy h~'. This
mean dose rate is significantly lower than the global average outdoor value of 59 nGyh™!
reported by the United Nations Scientific Committee on the Effects of Atomic Radiation
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Table 4. Radiological parameters in medicinal plant samples
SL. No. Medicinal Plant Sample Dose Rate (nGy h™T)  Ra,, Bqkg™") H,., Hi, AEDE (mSvy ")
1 Hibiscus rosa-sinensis 14.89 + 1.56 2749 £2.95  0.074+0.008 0.149 £0.016 0.018 + 0.002
2 Artocarpus heterophyllus Lam 18.01 £ 1.56 3326 +295  0.090 +0.008 0.180 +0.016 0.022 + 0.002
3 Syzygium cumini 16.97 + 1.56 31.34+295 0.085+0.008 0.169 +0.016 0.021 + 0.002
Mean + SD 16.62 + 1.56 30.70 £2.95  0.083 +£0.008 0.166 +0.016 0.020 + 0.002
International R ded Value (UNSCEAR, ICRP) 59 370 <1 <1 0.07

(UNSCEAR). The lower dose rate indicates that medicinal plant consumption o
does not pose a significant external gamma exposure risk. e Radium Equivalent
(Raeq) The calculated radium equivalent activity ranged between 27.49 +
2.95 Bq kg~! with a mean value of 30.70 + 2.95 Bq kg~!. These value,
recommended maximum limit of 370 Bq kg~ 'suggested by the Inte
on Radiological Protection. The low Raeq values reflect negligib

Internal Hazard Indices The external hazard index (Hex) ran
+ 0.008, while the internal hazard index (Hin) varied bet

plants do not present significant radiological ris
ingestion pathways. e Annual Effective Dose Eq he annual effective dose
h a mean value of 0.020

+ 0.002 mSv/y. This value is considerably lower t verage outdoor exposure

Atomic Radiation. A Pearson correlatio
between soil and medicinal plant rad10 The results show a strong
, a moderate correlation for 22Th (r = 0.65,
= 0.30, not significant). This indicates that

il concentration whereas 232Th and 238U are

source of K i ici ats, wh1le the overall radiological risk from 23>Th and ?*U is
negligible.

32Th, and “°K) in selected medicinal plants and their associated soil
idar region of Karnataka using gamma-ray spectrometry. The results

In medicinal plant samples, 2*U and 2*>Th activities were below the minimum detectable
imits, indicating negligible transfer from soil to plant tissues. Detectable levels of “°K were
observed in all species, consistent with its essential role in plant physiological processes.
Variations among plant species were attributed to soil characteristics, mineral composition,
and species-specific uptake mechanisms.

Pearson correlation analysis revealed a strong positive correlation for K (r = 0.92),
confirming that soil is the primary source of potassium in plants. >**Th showed a moderate
correlation (r = 0.65), while 2*®U exhibited a weak correlation (r = 0.30), indicating limited
transfer to plant tissues.
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The calculated radiological hazard parameters, namely absorbed dose rate, radium equiv-
alent activity (Raeq), external hazard index (H.), internal hazard index (H;,), and annual
effective d ose e quivalent (AEDE), were all below the internationally recommended limits
established by UNSCEAR and the ICRP. The estimated annual effective dose values were
significantly lower than the public exposure limit of 1 mSv y~!, confirming negligible radio-
logical risk.

Overall, the findings indicate that the selected medicinal plants from the Bidar reg
radiologically safe for consumption and do not pose significant health h azards.
provides baseline data on natural radioactivity levels in medicinal plants an
geologically distinct region.
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