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ABSTRACT
Urban construction materials predominantly originate from mining sites, raising concetns about the associated natural
radioactivity and its potential health impacts. This work focuses on assessing the distribution of three natural radionuclides
and associated radiological indicators in the South Lalitpur mining area in Nepal. A portable gamma spectrometer
information system (PGIS-2) was employed for in-situ measurement of natural radionuclide concentrations. The mean
activity concentrations of 238U, 232Th, and “0K were found to be 85.82 + 40.63 Bq kg™, 104.87 £ 30.42 Bq kg™, and
1257.47 + 304.36 Bq kg, respectively. Radiological hazard parameters were computed and compared with global averages,
revealing a radium equivalent activity (Raeq) mean of 332.62 * 63.08 Bq kg, slightly below the global average. The average
absorbed gamma radiation dose rate in the air was 155.94 + 29.09 nSv ht-1, over twice the wotld average. Indoor and
outdoor annual effective dose rates, excess lifetime cancer risks, and annual gonadal dose equivalents were slightly higher than
wortld averages. Additional radiological indices were computed, indicating that most estimated parameters exceeded global averages.
Multivariate statistical analysis was applied to the dataset. The study suggests that in-situ measurements of these radiological
parameters in mining areas are essential, as most mean values were above global averages, emphasizing the need for environmental

safety and awareness in mining regions.
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INTRODUCTION

Radionuclides are unstable forms of chemical elements that
undergo radioactive decay, emitting nuclear radiation.
Among the various pathways through which humans can be
exposed to ionizing radiation, the uptake of radionuclides
by agticultural plants intended for human consumption is
a critically important route. Radionuclides can be
categorized into different types, including cosmogenic
radionuclides (e.g., *°H, "Be, ''C, *C, ?Na) (Galbiati ez
al., 2005) and terrestrial radionuclides (e.g., 23U, 23U,
232Th, and “K), which contribute to human exposure in
our surroundings (Garcfa-Ledn, 2023). With over 256
stable  nuclides, lacking  stable
configurations undergo spontaneous radioactive decay
until they attain stability. If the half-life of such an unstable
nuclideis significantly longer than 107! seconds, a typical
timescale for processes governed by the strong
interaction, the nucleus is considered a well-defined entity
(Pfutzner e al, 2012). The importance of instant
measurements is steadily increasing due to various
environmental challenges we encounter daily. Such
measurements of naturally occurring radioactive materials
(NORMs) provide insight into the concentration of
226Ra, 238U, 232Th, and “K. In today’s context, in-situ
measurements of environmental radioactivity are crucial for

known systems

understanding the instantaneous situation of NORMs
activity. Several authors have reported their findings
using in-situ measurements of environmental
radionuclides, accompanied by hazard indices at Kwara
and southwestern Nigeria (Joel e¢f al., 2021; Usikalu ef al.,
2022), mining sites in Nigeria (Orosun et al., 2021), south
coastal region of Kenya (Kaniu e 4/, 2018b,1) and
Mrima-Kiruku complex, Kenya (Kaniu ez o/, 2018a)
using RS-125 and PGIS-2 handheld gamma ray
spectrometer. However, limited research has focused on
ground-based in-situ gamma radiation rates and ambient
radioactivity in Nepal, with only a few studies addressing
these aspects at Lower and Upper Mustang, Gorang and
Bagabagar Baitadi, Tin Bhangale Makawanpur (Khadka
& Maharjan, 2019), Shivapuri Area Kathmandu (Khadka
& Lamsal, 2020) and Ampipal, Daraudi Kh,
Ghyampesal, Jaubari, Gyazi Gorkha area (Khadka &
Lamsal, 2022) they found relatively high activity region
at those place. Similarly, premises of Tribhuvan
University (Mishra & Khanal, 2019), UNESCO World
Heritage Sites in Kathmandu Valley (Mishra & Khanal,
2023b), Hetauda City (Mishra & Khanal, 2023a). In this
study, we present a systematic survey of radionuclides
such as 238U, 2Th, and “K in the environment of a
mining area in Lalitpur district, Nepal from where a
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majority of construction materials is regularly imported to
highly populated cities like Kathmandu, Lalitpur, and
Bhaktapur districts in Nepal. We employ a portable gamma-
ray spectrometer system (PGIS-2) for this investigation. The
primary objective of this study is to evaluate radiological
concentrations and estimate corresponding hazard indices,
including radium equivalent index, absorbed dose rate,
outdoor annual effective dose equivalent, outdoor excess
lifetime cancer risk, annual gonadal dose equivalent, internal
hazard index, externalhazard index, gamma index, alpha
index, representative level index, and activity utilization
index at the mining area in Lalitpur. In the present context
of Nepal, this work based on in-situ measurements using
PGIS-2 may serveas a crucial step toward assessing
environmental radioactivity concentrations in real-time

and for establishing national guidelines and regulations
regarding environmental radiation safety.

MATERIALS AND METHODS

Study Area

The mining area is located in the Godawati Municipality
ward no. 6 Lele, Lalitpur district of Bagmati province,
Nepal. The survey region lies at an altitude from 1503.20
to 1618.20 meters above sea level. Fig. 1 represents the
geological map of Nepal, and the arrow pointing circle
represents the map of the Godawari Municipality where our
study is based. The figure at the top left in the local map
represents the mining area and location spot. All locations
of the survey region are shown in Fig. 1.
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Figure 1. Map representing survey locations of study region at Mining area Lalitpur
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We have selected a mining area as our study area, as this
region serves as a primary source of construction materials,
including soils, rocks, gravels, and even water, that are
regulatly imported to densely populated cities. The impact of
these materials on public health can be direct or indirect. The
rationale behind choosing a mining area lies in the fact that
since a significant portion of construction materials
originates from mining areas, there is a higher likelihood of
elevated concentrations of radionuclides such as 238U,
232Th, and 4K.

Instrumentation

The detector is equipped with thallium-activated sodium
iodide, Nal(T1) crystal of volume 0.347 L. The energy
resolution of this detector was 661.6 keV (37Cs). The
spectrometer consists of a scintillation detector unit
integrated with Global Positioning System (GPS) and a data
logger unit (developed for Android mobile). The detector has
wireless communication with the data logger unit via
Bluetooth and provides real-time navigation guidance to the
operator. The detector is coupled with a multichannel
analyzer (MCA) of 512 channels and the energy range of the
detector is 20 keV to 3 MeV. It can measure per second
spectra and its startup stabilization (tuning) time is less than a
minute. The GPS connection to the data stream via
Bluetooth connection to the device is used to determine the
position of the data. The radionuclides Potassium: “K in
percentage (pct), Uranium: 28U, and Thorium: 22Th in patts
per million (ppm) ate immediately can record and transferred
by the PGIS-2 to the mobile via Bluetooth, which also
analyzes sample concentration. For the best analysis, it also
offers a user-selectable sample time. The utility program that
comes with the PGIS-2 is used to download the memory-
stored data. Through Bluetooth or USB, the PGIS-2 device’s
memory may be completely transferred to a personal
computer. The instrument is auto calibrated and granted by
TIAEA TC Project NEP002. To consistency and accuracy in
calculating potassium, uranium, and thorium, the portable
equipment was calibrated. The rate of exposure or dosage
absorbed through the use of conversion factors emerging
from this radiation might be used to indicate the effect of
this radiation in the atmosphere. Readings were taken using
a radiation detector PGIS 2 as shown in Fig. 2 at mining area,
with the detector being held 1 meter above the ground as a
similar method obeyed by Joel e a/ (2021), Mishra and
Khanal, (2023a) and several authors (Adewoyin ez al., 2022;
Kaniu efal, 2019). The readings were measured in ppm, and
pet, and the results were converted to Becquerel per
kilogram (Bq kg™!) using some standard conversion
factor.

Theoretical Background

We obtained values of 23U, 232Th and K concentrations
in terms of parts per million (ppm) and percentage (%)
using PGIS-2. Where, 1 parts per million (ppm) U
shows 12.35 Bq kg™! activity, similarly 1 ppm 2?Th is
equivalent to 4.06 Bq kg™ and 1% 4°K equivalent to 313
Bq kg™! as mentioned in (Joel ¢ al, 2021; UNSCEAR,
2000). Those values recommend by (UNSCEAR, 2000)
<33 for 23U, <45 for 22Th <420 for *K. The
radiological parameters were determined using empirical
formula reported by (UNSCEAR, 2000) and used by

various researchers (Inoue e al., 2020; Liu & Lin, 2018;
UNSCEAR, 2000).

Figure 2. Portable Gamma spectrometer Information
System (PGIS 2)

Calculation of Hazard Indices

Radium equivalent index (Ra.) describes the combined
activity of terrestrial radionuclei 28U, 2*?Th and “K. Here
the factor indicates the compensating factors. According to
UNSCEAR (2000) report its values < 370 Bq kg™! in the
environment or public places (Joel e al, 2021; UNSCEAR,
2000). The empirical formula presented as Eq. (1)

Racq = Au + 14347, + 0.077A4x (1)

The internal and external hazard index are a measure that
takes into account the activities of different radionuclides
(uranium, thorium, and potassium) and combines them using
specific weighting factors (the constants in the denominators).
The purpose is to evaluate the potential internal hazards
associated with exposure inside and outside the building or
constricted place to these radionuclides presented as
empirical formula Eq. (2) and Eq. (3) (Joel ez al, 2021).

—Au | Ath | AR
h, _185+259+4810 o)
and Hey = 2L 42T A€ (3

370 '~ 259 = 4810
Similarly, gamma index (I;) and alpha index (Ia) are associated
with the hazard linked to the excess external gamma radiation
and alpha particles induced by superficial substances are
represented by Eq. (4) and Eq. (5) (Joel e al, 2021,
Ravisankar ez al., 2014):

—Au 4 Amo Ak
I= 300 ' 200 3000 )
and [, = 22 ®)

Additionally, the dose received per hour from radionuclei
expressed as dose rate in nSv hr™! and represented as Eq.
(6) (5) (Joel et al., 2021; Ravisankar ez al., 2014):

Dr = 0.43 A4y + 0.623. A1, + 0.0427 Ax 6)

The annual effective dose rate in mSv yr™! received from
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materials inside (AEDE;,) and outside (AEDE,y) the
building materials constructed form raw materials can be
expressed as Eq. (7) and Eq. (8) (Attallah er 4/, 2020,
Ravisankar ez al., 2014):

AEDE;, = Dg %8760 (hr™1) x0.7 Sv Gy™!) x
0.8 X 1076 ©

Where Dr represents the gamma absorbed dose rate
(GADR), with occupancy factors of 0.8 and 0.2, a conversion
coefficient of 0.7, and a time of 8760 hours for a span of
365 days (Belyaeva ¢t al., 2021; Suresh ez al., 2022).

AEDE., = Dr X8760 (hr1) x0.7(Sv Gy™!) x 0.2
X 1076 ®)

Also another hazard indicator excess lifetime cancer risk
inside (ELLCR;n) and outside (EILCRin) expressed as in
Eq. (10) and Eq. (11) (Sutesh ez al, 2022):

EI.CRin = AEDE;, XDI. X RF ©)
and EI.CRouwe = AEDE . X DI X RF (10)

Where, factors DL and RF correspond to the duration of
life (70 years) and risk factor (Sv™!), which indicates the fatal
cancer risk per Sievert. ICRP 60 guidelines consider a value
of 0.05 for the public when addressing stochastic

effects (Belyaeva ez a/., 2021; ICRP, 1991).

AGDE = 3.09A4y + 4.18A4m + 0.214A4x  (11)

Representative Level Index is the level of gamma radioactivity
associated with different concentrations of certain specific
radionuclides and expressed as in Eq. (12) (Attallah ez 4/,
2020; Sam & Abbas, 2001)

A A Ag
RLI =242 4
150 100 1500

(12)

and to simplify the computation of dose rates in air atising
from various combinations of the three radionuclides in
building/construction materials, and by employing the
relevant conversion factors, an Activity Utilization Index
(AUI) can be formulated, as indicated by Eq. (13)
(Ravisankar ez al, 2014)

AUL =206y + Ty, + 2K (13)

Where, the activity concentrations of 238U, 232Th, and
I, denoted as Ay, Ath, and Ak respectively, are
measured in units of Bq kg™!. The fractional contributions
to the total dose rate resulting from radiation emitted by
226Ra, 232Th, and 4°K are represented as fu (0.462), frn
(0.604), and fix (0.042) respectively (Ravisankar e al,
2014). All recommended limits of parameters are presented in

Table 3 and Table 4 (UNSCEAR, 2000).

Data Analysis

The analysis of the results involved utilizing LibreOffice
Calculator, Python 3 and ArcMap. The Pearson correlation
coefficients were computed to examine the relationships
between vatiables as done by (Ravisankar e a/, 2014), and
(T'chorz-Trzeciakiewicz ef al., 2023). Furthermore, statistics
such as minimum, maximum, Range (R), quartiles (Q1, Qo,
and Q3), interquartile range (IQR), mean, geometric mean
(GM), standard deviation (S.D.), Coefficient of variation
(CV.), variance, Median Absolute Deviation (MAD),
Skewness (Sx) and Kurtosis (K) are analyzed using Python
programming as presented by (Ravisankar es al, 2014;
Ghias e al., 2021).

RESULTS AND DISCUSSION

Altogether 10433 data were recorded by using PGIS-2
related to naturally occurring radionuclides concentration
consisting of activity in ppm and pct. Table 1 presents the
statistical analysis of reduced data using several empirical
formulas as mentioned in Table 2. Here, the first column
represents the statistical parameters mean, S.D. minimum,
first quartile, median, third quartile, maximum value, range,
skewness, kurtosis, variance, MAD, CV, and obtainedmean
values were compared with UNSCEAR 2000 report
mentioned values (UNSCEAR, 2000). Similatly, the second,
third, fourth, and fifth column shows those statistically
calculated values corresponding to activity concentration of
uranium, thotium, potassium, and radium equivalent activity
respectively. From the analysis, it was determined that the
mean values for activity concentration in the region of the
study were ordered as follows: and #K (1257.47 Bq kg™") >
232Th (104.87 Bq kg™") > 238U (85.82 Bq kg™!). The value
of standard deviation or uncertainties in measurements is
high due to the fact that we didn’t repeat data recording at
a place we took recording by walk at most of the mining area
at which stone mining was ongoing. Every location has a
different chemical composition of rocks, so it has a higher
S.D. value which is mexpected value in terms of statistical
analysis.

A skewness value between -3 and 3 covers the range of
approximately 99.73% of the data distribution while a
skewness value between -2 and 2 covers the range of
approximately 95.45% of the data distribution. However, our
study reveals that the skewness range of (-1 < skewness 1)
covers the range of approximately 68.27% of the data
distribution. This range indicates a distribution that is
relatively close to being symmetric or mildly skewed. The
skewness value of concentrations of radionuclides was found
to be 28U (-1<0.604< 1), 222Th (-1 <0.29< 1), and “K (-1
<-0.17< 1) which are in the descending order. A skewness
value of 0.604 indicates a moderate rightward (positive) skew in
the data distribution, suggesting that there are slightly larger
values on the right side of the distribution of 2*8U. However,
the distribution of 4K concentrations shows normal
distribution. ~ Whereas  the distribution of  22Th
concentrations shows inter-mediated distribution between
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28U and “K. In Fig. 3(a), (b) and (c) means ( ), standard

.o . . ik — 'Frequency Distribution
deviation (g), number of data (N), and bins size are presented 00014 (<) — Gausslan Distribution
in each figure. Also, we obtained a kurtosis value positive s m: = 125747 Ba kg™
(>0) which indicates that the distribution has heavier tails and 'v i ox =30435Bq kg '
is more “peaked" around the mean compated to a normal p.0010|- i A55 i
distribution which is called leptokurtic. =
0.0008 bins = 20 g
2
&

It suggests that there are more extreme values present in the
data compared to a normal distribution. Similarly, we have
estimated quartiles, variance, mean absolute deviation
(MAD), coefficient of variance of radiological concentration
and hazard indices and calculated mean values which has
been compared with UNSCEAR reported world average
value as shown in Table 1 and Table 2.
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able 1. Statistical analysis of radionuclides concentration and hazard indices
Table 1. Statistical lysis of radi lid i dh d indi
Particulars Ay Am Ak Raeq Dr AEDRo AEDK, ELCRo ELCR,
(Bqkg™) (Bqkg!) (Bqkg?) ((Bqkg?) (@Svhrl) (mSvyrl) (mSvyrl) x1073 x1073
N 10433 10433 10433 10433 10433 10433 10433 10433 10433
Mean 85.82 104.87 1257.47 332.62 155.94 0.19 0.69 0.67 2.34
S.D. 40.63 30.42 304.37 63.08 29.09 0.04 0.13 0.13 0.44
Min 4.57 11.04 255.10 104.42 50.39 0.06 0.22 0.22 0.76
Qi 55.46 83.88 1075.78 298.22 140.29 0.17 0.60 0.60 211
Median 80.82 103.43 1264.21 333.61 156.45 0.19 0.67 0.67 2.35
Qs 111.11 124.16 1453.57 369.70 173.04 0.21 0.74 0.74 2.60
Max 295.87 250.78 2390.07 612.72 282.73 0.35 1.21 1.21 4.25
Range 291.30 239.14 2134.97 508.29 232.35 0.29 0.99 0.99 3.49
Skewness 0.60 0.29 -0.17 -0.27 -0.33 -0.33 -0.33 -0.33 -0.33
Kurtosis 0.18 0.19 0.52 1.35 1.51 1.51 1.51 1.51 1.51
Variance 1650.95 925.56 92640.68 3979.07 846.27 1.00x10-3 0.02 0.02 0.19
MAD 32.65 24.09 235.22 46.97 21.53 2.60x103 0.09 0.09 0.32
CV 47.34 29.01 24.21 18.97 18.66 18.66 18.66 18.66 18.66
(UNSCEAR, 33 45 420 370 59 0.07 0.26 0.26 0.90
2000)
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Table 2. Descriptive statistical analysis of radionuclides and hazard indices

Particulars AGDE Hi, Hex Iy I RLI AUI
(uSv hr™ 1)

N 10433 10433 10433 10433 10433 10433 10433
Mean 972.67 113 090 123 043 2.46 2.17
S.D. 185.88 024 017 023 0.20 0.45 0.47
Min 302.65 034 028 040 0.02 0.80 0.56
Q1 869.87 098  0.81 111 0.28 2.21 1.87
Median 975.30 112 090 1.23 040 2.47 2.16
Q3 1081.85 128 099 137 056 2.73 2.46
Max 1808.69 229  1.66 223 148 4.45 4.30
Range 1506.04 195 137 183 146 1.00x103 3.76
Skewness -0.24 0.09 -027 -0.33 0.60 -0.33 0.06
Kurtosis 1.30 0.85 135 150 0.18 1.49 0.60
Variance 34550.79 0.06 0.03 005 0.04 0.21 0.23
MAD 138.75 019 013 017 0.16 0.34 0.37
CcV 19.11 21.55 1897 18.66 47.34 18.67 21.89
(UNSCEAR, 2000) 300 1 1 1 1 1 2

Where the values of slope and intercept are 1.41 and 184.61 Bq
kg™ respectively as shown in Eq. (15). The correlation between
Raeq and K concentration in an environment of the mining
area is shown in Fig. 4(c). It shows a correlation between Raeq

against K as Pearson correlation coefficient is 0.58 with
mean £ S.D. value of “K concentration 1257.47 Bq kg™
1304.37 Bq kg™
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Figure 4. Correlation between activity concentration of 238y (a), 2321n (b), 40g (c) and radium equivalent

Figures 4(a), 4(b), and 4(c) show how terrestrial
radionuclei concentrations affect the values of radium
equivalent which is used in the context of radiation
protection to express the combined activity from all
radioactive elements present in a material study area.

Raeq = 0.12232K + 180.58 (16)

Where the values of slope and intercept are 0.12 and 180.58
Bq kg™ respectively as shown in Eq. (16). From Figs. 4(a),
4(b) and 4(c) it is observed that there is a good correlation
between the Raeq against 2?Th in comparison to the
correlation between Raeq and 233U, K. Figures 5(a), 5(b)
and 5(c) show the relation of absorbed dose rate
measurement which quantifies the amount of ionizing
radiation absorbed by a unit mass of material over a an hour.
These indicatethe correlation between absorbed dose rate
in nSv ht™" and 238U, 232Th and 4K activity concentrations
in Bq kg™!. We obtained Pearson cotrelation coefficient

between 22Th concentration and absorbed dose rate (r =
0.68), whereas that of with U and “K are 0.45 and 0.58
tespectively. From three plots, we can conclude that a
major portion ofthe dose was contributed by 2*?Th activity
concentration in comparison to activity concentration of
28U and YK (Rangaswamy ef al., 2016). From above it is
also noticed that it exceeds the recommended dose limit.

Figure 6(a) express the 28U activity concentration map of the
surveyed mining area. We obtained maximum value (295.87
Bq kg™ ) nearly 8.5 times the wortld average value (33 Bq
kg™!) whereas the minimum value is neatly 1/10 of that
value. Here color coding and symbol mentioned as red
(diamond), yellow (circle), blue (triangle), and  black
(radiation symbol) for several concentration ranges as shown
in Figs. 6(a), 6(b), 6(c) and 6(d) as activity and dose rate
distribution maps respectively. Figure 6(b) denotes the map
of activity concentrations of 22Th in Bq kg™ at the surveyed
mining areas of Lalitpur district.
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Figure 5. Correlation between activity concentration of 238y (a), 2321 (b), and 40g (c) with dose rate

Table 3. Matrix showcasing the Pearson correlations among the variables

Variables 238U 2327y, 40k Req DR AEDEo AEDR, EILCRo ELLCRI AGDE Hin Hex Iy 1, RLI AUI
238U 1.00 -0.21 -0.03 049 045 0.45 0.45 0.45 0.45 0.52 079 049 044 1.00 044 0.63
232Th -0.21 100 0.34 0.68 0.68 0.68 0.68 0.68 0.68 0.66 038 0.68 0.69 -0.21  0.69 0.63
K - 0.03 0.34 1.00 0.58 0.65 0.65 0.65 0.65 0.65 0.56 039 0.58 0.65 -0.03  0.65 0.29
Req 0.49 0.68 0.58 1.00  0.99 0.99 0.99 0.99 0.99 0.99 092 1.00 0.99 0.487 0.99 0.95
DR 0.45 0.68 0.65 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.90 099 1.00 0.45 1.00 092
AEDRO 0.45 0.68 0.65 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.90 099 1.00 0.45 1.00 0.92
AEDRT 045 0.68 0.65 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.90 099 1.00 0.45  1.00 0.92
EILCRO 045 0.67 0.65 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.90 099 1.00 0.45 1.00 092
ELCRT 045 0.68 0.65 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.90 099 1.00 0.45 1.00 092
AGDE 0.52 0.66 0.56 0.99 0.99 0.99 0.99 0.99 0.99 1.00 093 099 0.99 052 099 0.96
Hin 0.79 0.38 0.39 0.92  0.90 0.90 0.90 0.90 0.90 0.93 1.00 0.92 0.89 079  0.89 0.94
Hex 0.49 0.68 0.58 1.00  0.99 0.99 0.99 0.99 0.99 0.99 091 1.00 0.99 049 099 095
Iy 0.44 0.69 0.65 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.89 0.99 1.00 0.44  1.00 0.92
Iq 1.00 -0.21 -0.03 049 045 0.45 0.45 0.45 0.45 0.52 079 049 044 1.00 045 0.63
RLI 0.44 0.69 0.65 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.89 0.99 1.00 0.436  1.00 0.92
AUI 0.63 0.63 0.29 0.95 0.92 0.92 0.92 0.92 0.92 0.96 094 095 0.92 0.63 092 1.00
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Figure 6. Distribution of activity concentration of (a) 238U, (b) #2Th, (c) ¥K and (d) Gamma dose rate (nSv hr')
mapping of study region with base map at mining area South Lalitpur

Table 4. Comparison of activity concentration and hazard indices with different parts of the world

Particulars AU Ath AR Raeq DR AEDRO AEDR EILCROQO References
Bqkg!' Bqkg! Bqkg! Bqkg' nSvhr—! mSyvy—1 mSvy ! ><10—3
x10-3 X103
Poland - - - - - 0.52 - - (Tchorz-
Trzeciakiewicz
Nepal 108.41+ 102.06f 1082.35%+251.03 152.32+ - - et al., 2023)
29.66 28.25 15.07
(Mishra and
Khanal, 2023b)
Nigeria - 64.89 £ 181.38%£2.22 134.97 61.68 0.076 - - (Adewoyin
1.50 et al., 2022)
Nigeria 3544+ 9257+ 137.59 £2.42 202.15 84.770 £0.97 0.078 - - (Joel  etal, 2021)
0.97 1.17
Korea 631+ 992+ 1060 + 14 - 1256 - - (Hassan et al.,
1.3 1.5 2018)
Kenya 240%17 626 27 401121 - 408+20 2.37£0.09 - - (Kaniu e# al., 2018a)
South - 64 390 - - 0.078 - - (Bezuidenhout, 2015)
Aftica
Egypt 947 64 33.2 499.0 - 149.5 - 970 0.18-1.19 - 0.002 £ (Gaafar ¢ al., 2021)
34849 0.001
Turkey 1871 3467 £9 309 2 2.04 £0.03  4.08 £0.05 (Yicel ez al., 2020)
+38
Mining 85.82 £ 104.87 £ 1257.47 £304.37 332.62% 155.94 £ 0.19 £0.04 0.67 £ 0.67 £ Present Work
Area 40.63 30.42 63.08 29.09 0.12 0.13

Here we obtained a maximum value neatly 5.5 times the
wortld average activity concentration of 2?Th (45 Bq kg™!)
whereas the minimum value is less than one fourth of that
limit. Figure 6(c) shows the map of activity concentration

of “K observed at the surveyed mining areas of the Lalitpur
district. Here we obtained a maximum value (2390.07 Bq
kg™") nearly more than 6.5 times the wotld average value of
that concentration (420 Bq kg™') whereas the minimum
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value 0.607 times that reported value (UNSCEAR, 2000).
Fig. 6 (d) shows the gamma dose rate maps for the surveyed
mining areas of Lalitpur district. Here we obtained a
maximum value of up to 2.5 times the general public dose
rate limit (1 mSv y™! = 114 nSv hr™") whereas minimum
value less than 50% of that limit. Table 3 shows Pearson
correlation  coefficients ~ between  the  radioactive

concentrations wheteas (*?Th and *K) has a positive
correlation. However, the rest radiological parameters have
a very good correlation with the activity concentrations of
NORMs. Observed radiological concentrations and hazard
indices compared with published work with several countries
as mentioned in Tables 4 and 5. From this comparison, we
observed that most of the parameters are above the world

concentrations and hazard indices around the mining area. ~ average mentioned in the UNSCEAR  report
From observed data, it has been observed that there is a (UNSCEAR, 2000).
negative correlation between 28U and (**?Th , ¥K) activity
Table 5. Comparison of hazard indices with different part of world
Particulars EI.CR1 AGDE Hin Hex Iy Ig RLI AUI References
10—3 uSv
hr—1
Poland - - - - - - - - (Tchorz-Trzeciakiewicz
¢t al., 2023)
Nepal - - - - - - - - (Mishra &  Khanal,
2023b)

Nigeria - - - 0.36 - - - - (Adewoyin et al., 2022)

Nigeria - - 0.671 0.275 - - - - (Joel et al., 2021)

Korea - - - - - - - - (Hassan ef al., 2018)

Kenya - - - - - - - - (Kaniu ez al, 2018a)

South Africa - - - - - - - - (Bezuidenhout, 2015)

Egypt - - 2.58 - 1.35- - - - - (Bezuidenhout, 2015)

18.69 9.42
Turkey - - 229 + 18.2 + - - - - (Yucel et al., 2020)
0.4 0.3
Mining Area  2.34 972.67 113 + 0.90 £ 123 + 0.43 + 246 £ 217 £ Present work
0.44 185.88 0.24 0.17 0.23 0.20 0.46 0.47

UNSCEAR  0.903 0.30 1 1 1 1 1 2 (UNSCEAR, 2000)

CONCLUSIONS

This study aimed to investigate the concentrations of
naturally occurring radioactive nuclei and associated
hazard indices in the mining area of Lalitpur district, near
the capital city of Nepal, utilizing in-situ portable gamma-
ray spectrometry. The radiological concentrations in the
study region were found to be significantly elevated
compared to the wotldwide average. The mean
concentrations of 233U, 232Th, and “K were measured at
85.82 Bq kg™! * 40.63 Bq kg1, 104.87 Bq kg™ £ 30.42
Bq kg™, and 1257.47 + 304.37 Bq kg™, respectively. The
assessment of various hazard indices revealed the
following average values:

* Radium equivalent index (Racq): 332.62 £63.08 Bq kg™

* Absorbed dose rate (Dg): 155.94 £29.09 nSv hr™!

* Outdoor annual effective dose equivalent (AEDRo): 0.19
1 0.04 mSv yr™!

¢ Indoor annual effective dose equivalent (AEDK;): 0.67 *
0.13 mSv yr!

* Outdoor excess lifetime cancer risk (ELCRo): 0.67 £0.13

Despite the elevated radionuclide concentrations, the mean
radium equivalent activity in the study area was found tobe
below the recommended safe limit of 370 Bq kg™'. However,
the average dose rate exceeded twice the worldwide average
values, measuring at 155.94 £29.09 nSv hr™'. On a positive
note, the outdoor and indoor average effective dose values
were lower than the safety limit (1 mSv yr™!) proposed in
the UNSCEAR report. The multivariate descriptive
statistical analysis revealed skewness values within the range
of -1 <skewness <1, covering approximately 68.27% of the
data distribution. Positive kurtosis values (>0) for all
parameters indicated a leptokurtic distribution. This study
highlights the need for further experimental investigations of
construction materials in the mining region to better
understand and evaluate the potential exposure of the public
and the potential impact after using such materials in
construction  applications. The elevated levels of
radionuclides and associated hazard indices in mining areas
underscore the importance of rigorous monitoring and safety
measures in these regio
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