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ABSTRACT:

Background: Uranium is a radioactive substance which is present in groundwater. Its ingestion through drinking
presents both radiological and chemical risks to living organisms.

Purpose: Our purpose is to study Uranium (U) retention in human body and the radiological dose delivered to
different organs and tissues causing health hazards to residents of Patiala district.

Methods: The sample collection was done in clean plastic bottles from 70 different locations of Patiala district. U
estimation of groundwater was done by using the ICP-MS technique.

Results: U retention and radiological dose delivered to different organs has been estimated using Li’s Model. Time
dependence of U in Kidney, Liver, OST and Urinary Bladder has been studied. The maximum excretion occurs
through faeces ranging from 41.89 pg d=! to 371.57 ug d~!, followed by hair (0.16 pg d~! to 1.44 ng d='), and then
urine (0.09 ug d=' t0 0.78 ug d").

Conclusions: The uranium concentration in groundwater of Patiala district varies from 30.10 to 267 ug L~!. All the
recorded values of U are above the WHO recommended limits (30 ug L™"). Application of Li’s Model reveals that
the important organs like kidneys, liver, other soft tissues and cortical bone volume are targeted by natural uranium
through the ingestion route. Excretion rate of uranium from hair is higher than the urine. The highest percentage of
dose is delivered to bone surfaces (38.5%), followed by kidneys (13.8%), LLI walls (11.5%), Liver (5.2%), ULI walls

(4.8%), Red marrow (4.1%), and other organs and tissues (1.3%).
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1. Introduction and Review of Literature

As per UNESCO World Water Report of 2022,
Bangladesh, China, India, Indonesia, Iran, Pakistan,
and Turkey emerge as prominent groundwater extrac-
tors in the Asia-Pacific region, collectively contributing
to around 60% of global groundwater withdrawal [1].
This groundwater serves as a vital resource for sus-
taining ecosystems and fulfilling the potable water re-
quirements of millions of people worldwide. However,
the escalating contamination of groundwater presents
a significant challenge, with various pollutants such

as radionuclides and heavy metals infiltrating it from

diverse sources, including industrial activities, agri-
culture, leaching, nuclear facilities, and geological
processes [2, 3, 4]. Once deposited on the ground,
radionuclides can permeate soil, aquatic environments,
and vegetation, posing risks to entire ecosystems. Emit-
ting radiation during decay, radionuclides have the
potential to migrate through soil and penetrate aquifers,
posing serious threats to human health and ecological
equilibrium. The interaction between radionuclides
and groundwater reservoirs has become a focal point
of concern, prompting extensive research in the field of
environmental science globally [5, 6, 7, 8, 9]. Several

studies have been conducted to elucidate the transport
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mechanisms and fate of radionuclides within ground-
water systems, aiming to predict potential sources of
contamination [10, 11, 12, 13]. Uranium, distinguished
among radionuclides, presents dual radiological and
chemical toxicity risks to human health, making it a fo-
cal point of current research efforts. Human exposure
to uranium can manifest through various pathways,
including water, food, and air, with drinking water
representing the primary and most substantial route of
intake [14]. Natural water sources frequently exhibit a
concentration ratio of 23*U/?38U greater than 1. The
transfer of 234U from sediment to water is facilitated
by the energetic conversion of 238U to 234U through
a-emission processes [15]. The different isotopes
within the uranium decay series interact among soil,
plants, and water to enable them to dissolve and mi-
grate toward plants, subsequently entering the food
chain [16]. Once incorporated into the food chain,
radionuclides may accumulate in organisms at higher
trophic levels, posing potential health risks to both
humans and wildlife. Such contamination can persist
for extended durations, as certain radionuclides possess
half-lives spanning thousands of years, rendering them
radioactive for significant periods. Uranium’s dual
attributes of radiation emission and toxic properties
pose significant concerns regarding human health. Its
presence in groundwater sources can result in severe
health implications, including cellular and DNA dam-
age, as well as various illnesses such as stomach and
urinary organ cancers, leukemia, kidney infections,
and lung infections, as evidenced by multiple studies
[17, 18, 19, 20].This study aimed to investigate the
specific regions within the human body affected by
natural uranium-contaminated water resources in the
Patiala district of Punjab, India, employing the Li’s
Uranium Hair Compartment Biokinetic Model [21].
The Biokinetic Model provides a structured framework
for comprehending the migration, retention, and distri-
bution of uranium within various organs. Additionally,
this research endeavors to explore the time-dependent
dynamics of uranium within the human body. The
purpose of this study is to investigate the retention

of the uranium in all compartments of human body

in addition to urinary, faecal, and hair excretion af-
ter ingestion of water. Risk due to consumption of
drinking water having high uranium concentration in
groundwater in Punjab State of India has been reported
[22]. These systematic investigations can facilitate the
prediction of radionuclide behavior and the identifica-
tion of potential areas of concern, thereby aiding in the

development of effective remediation strategies.

2. Objectives of Study, its Scope and Limita-
tions

Our objective is to study Uranium concentration in
groundwater collected from different locations of Pa-
tiala district to investigate the health hazards to resi-
dents living in the area of our study. Our next purpose
is to investigate the uranium retention, excretion and
radiological dose delivered due to ingestion of uranium
by the application of Li’s Uranium Hair Compartment
Biokinetic Model in Patiala district for the first time.
The reports of International Commission on Radiolog-
ical Protection (ICRP) provide the biokinetic model
for different radionuclides including uranium. Li’s
Uranium Hair Compartment Biokinetic Model pro-
posed hair as the one of the routes of excretion. Our
purpose is to study its advantages in comparison to
ICRP model.

The scope of our study is to investigate variation of Ura-
nium concentration in groundwater of Patiala district,
estimate the health hazards to residents of the study
area, and apply it to groundwater of other 25 districts
of Punjab state. However, there is one limitation that it
is an empirical study based on Li’s model and needs to
be repeated after every year due to variation in quality

of groundwater caused by rainfall and local geology.

3. Methodology and Materials

3.1. Study Location

Fig. 1 represents 70 locations within the Patiala dis-
trict, Punjab (India), which lies between 29° 49’ to 30°
40’ north latitudes and 75° 58’ to 76° 48’ east longi-
tudes. Total geographical area of the district is 3218
sq. km. The Patiala district is divided into six subdivi-

sions (tehsils) namely Patiala, Nabha, Patran, Ghanaur,
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Figure 1: Study locations of Patiala District Patiala

Rajpura and Samana comprising eight-community de-
velopment blocks for the purpose of administration.
Uranium distribution in S-E part of district (Samana
and Patran tehsils) is somewhat skewed. A compre-
hensive analysis of spatial distribution warrants future
investigation, with heightened emphasis on collecting
maximum samples from diverse districts within Punjab.
This study also emphasizes the continuous need for
vigilance and measures to mitigate the potential ad-
verse effects of uranium on human health. It is evident
that urgent action is required to address this pressing
issue and safeguard the well-being of the inhabitants

of Patiala district.

3.2. Ground Water Quality

The district is occupied by Indo-Gangetic alluvial plain
of Quaternary age and falls in Ghaggar basin. The
ground water occurs in alluvium formations compris-
ing fine to coarse sand, which forms the potential
aquifers. In the shallow aquifer (up to 50m) ground
water occurs under unconfined/water table conditions,
whereas in deeper aquifer, semi-confined/confined con-
ditions exist. The traditional dug wells tapping the

shallow aquifer are not in use and most of them have

been abandoned; however, this aquifer is being tapped
by the hand pumps and shallow tube wells, which
are widely used for domestic purposes. The Central
Ground Water Board (CGWB) has carried out studies
[23] for chemical quality of ground water in the area.
The ground water of the district is alkaline in nature.
The electrical conductivity (EC) in the area ranges
from 687 to 4100 micromhos/cm. Nitrate values range
between 11.50-2553 mg/1 and fluoride concentration
ranges from 1.5 to 9.2 mg/1 and observed beyond the
safe limits suggested by the WHO, thus the ground wa-
ter is harmful for human consumption in Patiala district
with 98% of the sampling locations having fluoride
levels higher than the permissible limit [24, 25]. Virk
[26] classified Patiala district as a “Hot Spot” due to
poor quality of its groundwater having highest values
of sulphate, nitrate and fluoride contents in Punjab.
Surprisingly, groundwater fluoride distribution in Pa-
tiala district follows a similar pattern as found for U
distribution [25].

3.3. Sample Collection

Water samples were collected in 500 ml amber coloured

superior quality plastic bottles from the area of study
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Figure 2: Hair Biokinetic model (Li et al. 2009)

by the field staff of Department of Water Supply and
Sanitation (DWSS) under the World Bank Project
sanctioned to Government of Punjab [27]. The cleaning
of bottles was carried out by washing first with soap
solution and then with distilled water. Next step was
rinsing the bottles with deionised water and drying with
a blower. Groundwater from the source was allowed
to flow freely for 5-10 minutes before collection in
plastic bottles. Samples were subject to filtration
using the 0.2-micron filters on the spot. 2 ml of conc.

HNO3 was added to each sample and labelled using

scotch tape. Nitric acid solubilization is required
before the determination of total recoverable uranium.
The preservation and digestion of uranium in acid is
used to aid breakdown of complexes and to minimize

interferences by poly-atoms.

3.4. Sample Analysis

The methodology for sample analysis has been de-
scribed in detail by Virk [28]. The uranium analysis
of collected water samples has been done using Model
7700 Agilent Series ICP-MS following standard proce-
dure in the Regional Advanced Water Testing
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Figure 3: (a) Box plot and (b) QQ plot

Laboratory (RAWTL) in SAS Nagar (Mohali), Pun-
jab, India. The method measures ions produced by a
radiofrequency inductively coupled plasma (ICP). An-
alyte species originating in a liquid are nebulized and
the resulting aerosol is transported by Argon gas into
the plasma torch. The ions produced by high tempera-
tures are entrained in the plasma gas and introduced,
by means of an interface, into a mass spectrometer.
The ions produced in the plasma are sorted accord-
ing to their mass-to-charge ratios and quantified with
a channel electron multiplier. Interferences must be
assessed, and valid corrections applied. Interference
correction must include compensation for background
ions contributed by the plasma gas, reagents, and con-
stituents of the sample matrix. Data analysis is done
automatically by inbuilt system of ICP-MS. In addition
to Uranium, data for 40 more trace elements can be
retrieved using ICP-MS.

3.5. Calibration of ICP-MS

Calibration experiment is necessary for the estimation
of concentration of heavy metals in . using the Agilent
7700 Series ICP-MS, with a detection limit ranging
from <100 ppb to <1 ppt. The quantification was per-
formed against the Certified Reference Material (CRM)
2A by Agilent Technologies (Part Number 8500-6940).

Six concentration standards were meticulously pre-
pared and introduced into the ICP-MS through an S10
auto-sampler unit. To establish a reliable calibration, a
linear curve was constructed, exhibiting a high corre-
lation coefficient (R2 > 0.999) for all selected metals.
Following the calibration, one quality control (QC)
check and analysis of two different standards (20 and
50 ppb) were conducted both before and after sample
processing. The Relative Standard Deviation (RSD)
was determined to be below 4%, aligning with the stan-
dards set by the Bureau of Indian Standards (BIS) for
measuring drinking water samples. This comprehen-
sive methodology ensures the accuracy and precision
of Uranium concentration measurements, supported
by rigorous calibration procedures and quality control

checks in accordance with industry standards [29].

4. Application of Li’s Uranium Hair Compart-
ment Biokinetic Model

An earlier version of Li’s Biokinetic Model of Uranium
specifically focuses on the time-dependent processes of
retention, distribution and elimination of the radionu-
clides within the human body [18]. Fig. 2 serves as
a comprehensive schematic representation of the Li’s
Uranium Hair Compartment Biokinetic Model [21],
delineating the intricate pathways of uranium and its

migration within the biological system.
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Figure 4: Spatial distribution of uranium concentration and its retention in GIT, kidneys and Liver compartments

In biokinetic model, the ingestion pathway commences
within the gastrointestinal tract (GIT), wherein ura-
nium is absorbed primarily through the small intestine.
Subsequently, it enters the bloodstream, facilitating its
distribution to various organs and tissues across the
entirety of the body. The biokinetic model adopts a
compartmental framework, partitioning the body’s or-
gans and tissues into discrete compartments that engage
in interactions and activity exchange. Each compart-
ment exhibits uniform kinetic properties. Through
this compartmentalized approach, the model dissects

the intricate interplay among various compartments,

furnishing invaluable insights into the overarching be-
haviour of uranium within the body [30]. The transfer
rates delineated in the figure 2 serve to elucidate the
dynamics of radionuclide transportation among com-
partments within the adult public. According to the
specified model, within the hair model framework,
uranium is conveyed to the bloodstream via the small
intestine at a rate denoted by f1. Following this, 30%
of the activity is translocated from the bloodstream to
STO, while the remaining 70% is disseminated among
all other compartments. The 52.5% of the uranium
content in the bloodstream is subsequently transferred

to urine, facilitated by either the urinary pathway
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Figure 5: Time dependence studies of uranium in Gastrointestinal Tract System (GIT)

or the urinary bladder [21]. The hair compartmental  through the hair; this is the first excretion route
biokinetic model proposed hair as the one of the from hair with the first order kinetics. While the
routes of excretion, in which uranium is absorbed second route is assumed to be direct transfer of
into the bloodstream, before being transferred to  uranium from the blood to hair with third order kinetics.

the OST compartment and eventually excreted

dgi.n(1) ZN ZN S
c,i = Ii,n(t) + Qj,n(t)ki,j,n - Qi,n(t) (ki,j,n + /ln) + Qi,m(t)ﬁn,m/ln (1)
t - -
j=1 j=1 m=1
J#I J#

Where I; (1), ki jn, qin(t), Ay, and B, ,, are  compartment i, radionuclide decay constant A, and
known as the compartmental input flow rate, trans-  branching fraction 8, respectively.
fer rate from one compartment to another, number  The equation (1) represents the retention of uranium in

of transactions, nuclide ingrowth atoms at time 7 in  the different organs and tissues including, kidney, liver,
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soft tissues, etc. for the hair compartment biokinetic
model [21] There have been several investigations into
uranium ingestion in drinking water that use biokinetic
models to justify the behavior of uranium within the
human body [31, 32, 33, 34, 35].The advantage of
Li’s Hair Biokinetic Model [21] over ICRP Biokinetic
Model [36, 37] is that determination of the uranium
in hair may yield better insights for internal dosimetry
even a long time after an exposure incident. The model
is applicable for chronic exposure as well as for an
acute exposure incident. In the latter case, the hair
sample can be collected and analyzed even several days
after the incident, whereas urinalysis requires sample

collection shortly after the exposure. This new model

is also used to predict uranium excretion in human hair

as a bioassay indicator due to elevated uranium intakes.

5. Analysis and Interpretation of Data

A comprehensive investigation was undertaken within
the Patiala district of Punjab, India, with the aim
of assessing the uranium concentration levels across
various drinking water sources.

Table 1 presents the uranium concentration in ground-
water at 70 locations of Patiala district, and retention
levels in various organs and tissues of human body. The
estimated uranium concentrations ranged from 30.10
ug L=1to 267 ug L1, as per the variation shown in
the Fig. 3a and Table 1. Fig. 3a illustrated few outliers

with potentially higher uranium concentration in Ahru
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Figure 7: Time dependence of uranium in (a) Kidney, (b) Liver, (c) OST and (d) Urinary Bladder

Kalan and Ahru Khurd villages of Patiala district.

Fig. 3b demonstrates the non-normal distribution of
uranium concentration in the studied area and the re-
sults are in accordance with the similar behaviour of
radionuclides, heavy metals and other pollutants in
different types of vicinities [2, 38, 39, 40]. Fig. 4
illustrates the spatial variability of uranium distribu-
tion across distinct geographical locales, highlighting
a non-uniform dispersion pattern of this radionuclide
within these areas. This study delves into the path-
way of uranium ingestion, particularly focusing on the
implications of sustained exposure over a continuous

duration of 60 years.

5.1. Gastrointestinal Tract (GIT)

Ingestion is the main pathway of the exposure of the
natural radionuclides in water to the general population
and GIT is the path through which the ingested uranium

enters the bloodstream. High concentration of the

uranium may lead to high retention of uranium in
different body organs. Within the gastrointestinal
tract (GIT) region, the average retention of uranium
is recorded at 126.83 ug, encompassing a range of
individual values spanning from 14.58 to 655.50 ug, as
detailed in Table 1. The uranium retention in stomach
(ST), small intestine (SI), upper large intestine (ULI),
and lower large intestine varied from 1.76 ug to 15.58
ng, 6.98 ugto 61.93 ug, 23.27 ug to 206. 43 ug
and 41.89 ug to 371.57 ug, respectively, and their
spatial distribution is depicted in Fig. 4. The small
intestine functions as the principal conduit for uranium
absorption into the bloodstream,

thereby facilitating systemic exposure to its radioactive
properties throughout the entire body. The time depen-
dence studies of uranium concentration demonstrate

the early saturation in gastrointestinal tract (Fig. 5).
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Figure 8: Spatial distribution of uranium retention in OST and uranium excretion in Faeces, Urine and Hair compartments

5.2. Blood

Following ingestion, uranium swiftly enters the blood-
stream, as evidenced in the previous studies and those
investigations have consistently indicated a significant
portion of the ingested uranium becomes associated
with red blood cells [41, 42]. Upon entering the blood-
stream, uranium is either assimilated by tissues or
eliminated through urinary excretion. Uranium associ-
ated with red blood cells (RBCs) reverts its activity to
plasma within a span of 2 days (Fig.2). In this context,
the mean retention of uranium was determined to be
0.045 pg, with individual values spanning from 0.020
to 0.26 ug (Table 1).

5.3. Skeleton

Within bones, the behaviour of uranyl ions parallels
that of calcium ions. Uranyl ions undergo exchange
with calcium ions at bone surfaces. However, these
ions do not actively participate in crystal formation
or diffuse into the bone mineral crystals. The rapidly
exchangeable activity within bones primarily resides
on the bone surfaces, whereas the slowly exchangeable
activity is distributed within the volume of the bones.
This bone volume undergoes exchange primarily with
the bone surface rather than with plasma [43].
Skeleton compartment is divided into four primary

parts: cortical bone surface (C_bone_S), cortical
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Figure 9: Pie chart showing distribution of doses to different organs or tissues in human body

bone volume (C_bone_V), trabecular bone surface
(T_bone_S), and trabecular bone volume (T_bone_V)
with mean uranium retention of 0.38 g (0.22-1.96 ug),
68.39 ug (39.27-348.30 ug), 0.48 ug (0.28-2.45 ug),
and 18.37 ug (10.55-93.57 ug), respectively (Table
1). With the sole exception of C_bone_V, the various
compartments of the skeletal structure, encompassing
C_bone_S, T bone_S, and T_bone_V, demonstrate
indications of saturation subsequent to a brief, unin-
terrupted exposure to uranium through ingestion via
drinking water as shown in the time dependence studies
(Fig. 6)

5.4. Kidneys

The kidney compartment comprises two distinct subdi-
visions: other kidney tissues and the urinary pathway.

Uranium ingress into the kidney through other soft

tissues yields a removal half-life of approximately 5
years, consequently leading to elevated activity levels
within the kidneys. For kidneys, the average retention
of uranium is quantified at 0.90 pg, with individual
values ranging from 0.52 to 4.60 ug, as illustrated in
spatial distribution maps (Fig. 4) and Table 1. As
delineated in Fig. 7a, saturation of uranium within
the kidney is observed to transpire following approxi-
mately 35 years of exposure, thereby underscoring the

potential for chemical risks at this anatomical site.

5.5. Liver

The liver compartment is segmented into two distinct
regions: liver 1 and liver 2. Uranium ingress into
this compartment primarily occurs through the liver 1
site, where approximately 93% of the uranium returns

to the bloodstream. A residual 7% of the uranium
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Figure 10: Uranium distribution in Punjab Province

proceeds to the liver specifically liver 2, where the
activity undergoes reintegration into the bloodstream
over a 10-year period at this site. The mean retention
of uranium within the liver compartment is determined
to be 2.79 ug (Fig. 4). Time-dependent studies have
illustrated the non-saturation behaviour of uranium in
the liver (Fig. 7b).

5.6. Other soft tissues (OST)

The average uranium retention in these tissues (OST)
was observed to be 27.67 ug, with values ranging from
15.86 to 140.91 ug (Fig. 8) as given in Table 1. The
duration of uranium residence within each compart-

ment is partially regulated by their respective removal

half-times. Specifically, for STO, ST1, and ST2 com-
partments, the removal half-times were observed to
be 2 hours, 20 days, and 100 years, respectively, as
depicted in the biokinetic model (Fig. 2). Conse-
quently, owing to the slow turnover rate associated
with ST2, temporal dependency studies have unveiled
a non-saturation phenomenon within this site even after
60 years (Fig. 7c¢).
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5.7. Urinary Bladder (UB)

The transit of uranium activity into the urinary bladder
may transpire either through direct influx from the
bloodstream or via the urinary pathway originating
from the kidney. As per biokinetic model (Fig. 2),
approximately 63% of uranium undergoes elimination
from the body via urine, traversing through the urinary
bladder compartment. The mean retention of uranium
within the urinary bladder was determined to be 0.0128
ug, and ranged from 0.0073 to 0.0650 ug (Table 1). Fig.
7d demonstrates shorter period of time for uranium

saturation in this organ.

5.8. Excretion from the body

Hair Biokinetic model includes an extra excretion
site in addition to two previous sites, i.e., faeces and
urine [21]. The maximum excretion occurs through
faeces ranging from 41.89 ug d=! to 371.57 ug d=!,
followed by hair (0.16 ug d=! to 1.44 ug d='), and
then urine (0.09 ug d~! to 0.78 ug d=') as illustrated
in spatial distribution maps (Fig. 8) and Table 1. The
median daily excretion ratio of uranium in urine and in
hair, measured in the individuals who ingested more
than 10 pug d~' of uranium in drinking water, was
estimated to be 0.67 [44]. The detailed interpretation
of this ratio (0.67) is given by Li et al. [21]. In the
present study using Hair Biokinetic model of uranium,
a compartment for nails is not incorporated in Fig.
2, due to the lower concentration of uranium in nails
compared to the concentrations in urine and in hair.
However, uranium excretion in nails can be estimated
by the ratio of uranium excretion rate of 0.014 in nails
and in hair [21].

5.9. Radiological Doses to Organs and Tissues

Radionuclides, including uranium, with a long biolog-
ical half-life are dangerous at very low doses. The
radiological effects of natural uranium are low com-
pared with its chemical toxicity. But these effects
cannot be ignored if insoluble uranium compounds
remain in the body for a longer period. The doses
delivered to different body organs and other tissues
can be calculated according to dose conversion factors
provided by the ICRP [45]. Upon entry into the human

body, uranium exerts deleterious effects, with an aver-
age effective dose of 8.71 uSv recorded in the study
area. The gastrointestinal tract (GIT) compartments
experience varying impacts, with the stomach, small
intestine, lower large intestine, and upper large intestine
receiving average doses of 4.62 uSv, 5.56 uSv, 14.06
uSv, and 34.16 uSv, respectively (Table 2).

Additionally, Table 2 delineates the calculated doses
for other organs and tissues, revealing elevated average
doses of 113.85 uSv and 40.85 uSv for bone surfaces
and kidney sites, respectively. Other soft tissues in
the study area, encompassing adrenals, brain, breasts,
lungs, muscle, ovaries, pancreas, skin, spleen, thymus,
and uterus, exhibit average doses ranging from 2.27 to
20.12 pSv, with a mean value of 3.95 uSv. Further-
more, the liver receives a comparatively higher dose
than several other internal organs and tissues, ranging
from 8.84 uSv to 78.45 uSv in the studied area, with an
average of 15.40 uSv. Fig. 9 depicts the distribution of
dose to various organs and tissues in the human body
which shows that the percentage of dose to bone sur-
faces is highest at 38.5%, followed by kidneys (13.8%),
LLI walls (11.5%), Liver (5.2%), ULI walls (4.8%),
Red marrow (4.1%), ST wall (1.9%), St wall (1.6%)
and all other organs and tissues with 1.3% each. These
elevated dosage levels present in the human body at the
specific location under investigation pose a significant
risk to the organs and sensitive tissues, as they are
exposed to both the radiological and chemical toxicity

of uranium.

6. Conclusions

Li’s Hair Compartment Biokinetic Model has
advantages over the ICRP Biokinetic Model. As a
consequence, it has been used to investigate empirically
the uranium retention, excretion and radiological dose
delivered to human body organs and tissues due to
ingestion of uranium from the groundwater of Patiala
district. The average concentration of uranium in water
sources of the studied area has been found to be 52.42
ug L=1(30.10 to 267 ug L~!). The data obtained from
the analysis indicated that all the recorded values are
above the WHO recommended limits (30 ug L1 [46].

Furthermore, about 26% of the samples surpassed the

© 2025 Author(s). This article is published under the CC-BY license at http://jpr.vyomhansjournals.com.
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limit set by AERB (60 ug L") [47]. It has been found
from the time-dependent studies of uranium that the
vital organs targeted by natural uranium through the
ingestion route are the kidneys, liver, other soft tissues
and cortical bone volume and were not saturated even
after a span of 60 years. Excretion rate of uranium
from hair is higher than the urine which justifies the
use of Li’s model. The radiological dose delivered
to body organs and tissues through the ingestion
route is not uniform. The highest percentage of dose
is delivered to bone surfaces (38.5%), followed by
kidneys (13.8%), LLI walls (11.5%), Liver (5.2%),
ULI walls (4.8%), Red marrow (4.1%), and other
organs and tissues (1.3%). Furthermore, the overall
uranium distribution in Punjab province schematically
demonstrates the higher values in the southern Punjab
regions (Fig. 10). Fig. 10 was constructed based on
previous studies, incorporating data from 70 locations
within the Patiala district, resulting in improved spatial
mapping compared to the remainder of the map. A
comprehensive analysis of spatial distribution warrants
future investigation, with heightened emphasis on
collecting maximum samples from diverse districts
within Punjab. This study also emphasizes the
continuous need for vigilance and measures to mitigate
the potential adverse effects of uranium on human
health.

to address this pressing issue and safeguard the

It is evident that urgent action is required

well-being of the inhabitants of Patiala district.
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