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Abstract: Soil contamination with heavy metals led to a significant decline in quality of life and life expectancy. Polluted
soil is now a prominent global concern due to rising industry, urbanization, and insufficient waste management practices.
This study assessed heavy metal (V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ba, As, Sr, and Cd) concentrations in soils of Tirunelveli
District of Tamil Nadu using EDXRF technique. The mean concentrations of the eight metals are significantly elevated
compared to the background values. The higher value of heavy metal concentration in this study may be ascribed to the
influence of anthropogenic activities. The spatial map is drawn to better understand the distribution pattern of heavy metals
in the study area. The ecological risk index (RI) for heavy metals is computed to assess the degree of soil contamination by
different heavy metals. The Pollution Load Index (PLI) is utilized to assess the pollution degree in the research region. The

distribution and correlation of heavy metals in soil along with possible remedial measures is discussed.

Keywords: Soil, Heavy Metals, Spatial Distribution, Ecological Risk Analysis.

1 Introduction

Soil is an essential element of an ecosystem. Soil has an
ability to absorb and release substances, making it exposed
to contamination from several sources. The continuous
advancement of urbanization leads to development,
agricultural practices, burial sites, and transportation
emissions. The environment, which is our habitat and
agricultural foundation, is contaminated by heavy metals.
Heavy metals are found in soils originating from both
source materials (lithosphere) and diverse anthropogenic
activities. Multiple factors affect the distribution and
segregation of these metals throughout the Earth, including
the composition of source rocks, the extent of weathering,
the chemical, physical, and biological properties of the soil,
as well as climatic conditions. Human activities are the
principal cause and are progressively intensifying, resulting
in environmental degradation.

Heavy metals in soil originate from multiple sources,
including atmospheric deposition, incorrect disposal of
industrial solid and liquid waste, mining activities, sewage,

and the wuse of pesticides and fertilizers. These
environmental metals are primarily released from gases,
dirt, and dust produced by transportation, energy generation,
metallurgy, and construction activities. Heavy metals
predominantly enter the atmosphere as aerosols and later
deposit into the soil through natural sedimentation and
precipitation processes. Automobile mobility leads to
considerable heavy metal poisoning. Heavy metals are
introduced into the soil by irrigation sewage, sanitary
sewage, chemical effluent, and industrial mining activities.
Industries discharge several dangerous chemicals directly
into rivers or open spaces. Moreover, human beings today
routinely employ chemical pesticides and insecticides in
agriculture. The continuous intensive usage has resulted in
soil degradation.

The contamination of water and soil by heavy metals
has become a significant global concern for both
environmental integrity and public health [1]. The
widespread presence of heavy metals such as lead (Pb),
cadmium (Cd), mercury (Hg), arsenic (As), and chromium
(Cr) in the environment mostly results from anthropogenic
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activities, including industrial processes, agricultural
practices, mining operations, and inadequate waste
management. Research on soil heavy metal toxicity focuses
on identifying areas with heightened pollution risk. The
accurate conservation and restoration of ecosystems in soil
contaminated by heavy metals require their characterization
and remediation. A large number of studies on the
degradation of urban soils due to heavy metals have been
conducted in various cities during the past decade.
Research indicates increased concentrations of heavy metal
pollution in various places across India. Nonetheless,
reliable data about heavy metal concentrations, pollution
levels, and their specific impacts on human health have not
been consistently obtained, accessed, or compared. An
assessment of heavy metal exposure in urban areas of India
is urgently needed. This research aimed to assess the
pollution levels in the soils of Tirunelveli, Tamil Nadu.

The primary objectives of this research are to (1)
assess the concentration of heavy metals in the study area;
(2) examine the potential ecological concerns associated
with heavy metal contamination in the soil; and (3)
establish a database concerning the levels of heavy metal
pollution for future reference.

2 Materials and Methods

2.1 Study Area

Tirunelveli district is located in the southern region of
Tamil Nadu and covers an area of 6,823 km2 The
Tirunelveli district lies between 8°.08” and 9°.25° North
latitude and 77°.09° and 77°.59’ East longitude. This area is
bounded by Virudhunagar district to the north, the Western
Ghats to the west, Kanniyakumari district to the south, and
Thoothukudi district to the east. Tirunelveli district consists
of 11 taluks, 19 blocks, and 628 revenue villages,
comprising an area of 681,065 hectares. A total area of
2509 km? has been allocated for irrigation purposes. The
principal river water sources are the Thambarabarani,
Nambiar, Chithar, and Karamaniyar rivers. The district's
average rainfall is 880 mm, with the northeast monsoon
producing greater rainfall than the southwest monsoon. The
water requirements of this district's population are met by
river water delivered by pipelines. In some parts of this
district (northeast and southern regions), residents depend
upon groundwater for potable use owing to insufficient
river water in the summer months. This district utilizes dug
wells, tube wells, tanks, and canals as sources of irrigation
water. The principal geological formations in this district
are fissible hornblende biotite gneiss and charnockite. The
predominant soil types in this district include deep red soil
(northwest region), black cotton soil (central part of
the region), red sandy soil (central part of the region),
saline coastal alluvium (southeast region), and river
alluvium (river areas). A major portion of the district is
characterised by plain topography. Red loam constitutes the

primary soil type in the district, at 48.21 percent, followed
by black soil at 30.09 percent.

2.2 Sampling methodology

The soil samples collected at different locations of
Tirunelveli district, Tamilnadu is shown in Fig 1. The grid
methodology is used to collect the soil samples in the study
area. The samples were collected from the grid node points
of the square grid. Each grid had a location chosen based
on the sample site’s accessibility. Thirty-one soil samples
were taken from an undisturbed, uncultivated grass-covered
area, located distant from man-made structures such as
roads and buildings, in order to reduce any external
influence on the sample results [15-16]. The soil samples
were obtained with the only constraint that no sampling
location should be located near a field boundary, road, tree,
or other obstacle to sampling. The Garmin Oregon 550
handheld GPS device was used to measure the sampling
points coordinates. Table 1 indicates the sampling locations
for soil samples in Tirunelveli District, Tamil Nadu, India.
Approximately 2 kilogramme of samples were obtained
from each site. The top layer of soil (up to 2-3 cm) has been
removed for removing the debris. The soil samples were
collected at a depth of 3 to 5 centimetres. The collected soil
samples were stored in polythene bags in the field and
brought to the laboratory for initial processing and later
analysis [17].

2.3 Sample preparation for EDXRF Techniques

Extraneous materials (shells, roots, stones, debris, etc.)
were manually removed, and the soil samples were initially
air-dried at ambient temperature. After being air-dried, the
samples were subjected to oven drying at 110°C until a
consistent weight was achieved; plant residues and stones
were discarded. [18]. And then the samples were ground
into a fine powder using an agate mortar. All of the soil
samples were preserved in desiccators before chemical
analysis. The oven-dried samples were passed through a
63um test sieve to ensure homogeneity (fine particles) for
analysis [19]. The primary benefit of utilising particles of
approximately 63 pm is that heavy metals are
predominantly associated with silt and clay. The dried soil
samples were pulverized into a fine powder use an agate
mortar. One gramme of powdered material was combined
with one gramme of cellulose powder. The mixture was
thoroughly crushed and compressed into pellets with a
diameter of 20 mm using a 20-ton hydraulic press. The
pellets have been investigated using an EDXRF
spectrometer (Model: EX-6600 AF, manufactured by
Xenemetrix, Israel). The technical features of the EDXRF
apparatus are presented in Table 2. The quantitative
analysis was performed using the integrated nEXT software.
A standard sediment sample (IAEA-433) was used as the
reference material for equipment calibration.
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Fig. 1: Study Area of Interest and grids Map Sampling locations in Tirunelveli district.
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Tablel: Sampling location for soil samples of Tirunelveli District, Tamil Nadu, India.

Sample

D Location Name Latitude Longitude
TIR-1 Tirunelveli 8°42'02" 77°45'43"
TIR-2  Melapattam 8°45'06" 77°45'28"
TIR-3  Vadavallanadu 8°44'50" 77°50'31"
TIR-4  Kodiankulam 8°50125" 77°49'41"
TIR-5 Kannansannatti 8°52'44" 77°44'49"
TIR-6  Terkuilandaikulam 8°56'12" 77°44'31"
TIR-7  Manur 8°50'50" 77°39'18"
TIR-8  VadakkuAriyanayakipuram 8°44's50" 77°33'13"
TIR-9  Thiruchandur Patti 8°38'56" 77°51'42"
TIR-10  Mashinpalleri 8°33'49" 77°51'18"
TIR-11  Kulngvelli 8°2727" 77°52'07"
TIR-12  Kommadikottai 8°21'46" 77°57'08"
TIR-13  Keeraikaranthattu 8°21'16" 77°51'04"
TIR-14  Kaalikumarapuram 8°1521" 77°50'58"
TIR-15  Idinthakarai 8°11'04" 77°44'49"
TIR-16  Chidambarapuram 8°15'33" 77°44'49"
TIR-17  Kottaikarungulam 8°21'54" 77°44'08"
TIR-18  Kathanadappu 8°27125" 77°44'42"
TIR-19  Moolakaraipatti 8°32'45" 77°45'46"
TIR-20  Itteri 8°38'05" 77°45'15"
TIR-21  Keelaomanallur 8°39'08" 77°40'03"
TIR-22  Srivaramangaipuram §8°32'32" 77°38'52"
TIR-23  Vaigaikulam 8°27'06" 77°39'02"
TIR-24  ThirumalaPuram 8°21'00" 77°3921"
TIR-25  Dhanakkarkulam 8°15727" 77°38127"
TIR-26  Perumanal 8°09'40" 77°38'40"
TIR-27  Cheranmahadevi 8°40'35" 77°33'34"
TIR-28  Singampatti 8°39'59" 77°26'23"
TIR-29  Karaiyar 8°3926" 77°19'07"
TIR-30  Kaisanri 8°32724" 77°33'59"
TIR-31  Malayadipudur 8°26'50" 77°33'15"

Table 2: Technical specification of EDXRF.
3-60 kV, 370W, 10-5833 pA, Rh

X-ray Source

Target
Detector Silicon drift detector (25mm?)
Resolution 136 eV £ 5eV @ 5.9 KeV (Mn
X-ray)
Auto sampler 10 sample holder
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2.5 Multivariate Statistical Analysis

The widely available SPSS (Statistical Package for Social
Sciences, version 16.0) software was used to examine the
correlation among the examined heavy metals in soil by
Pearson correlation, factor analysis, and cluster analysis.
This study aimed to find the natural and anthropogenic
sources of heavy metals.[18].

3 Results and discussions

3.1 Heavy metal distribution in soil

The determined heavy metal concentration for 31 soil
samples collected from Tirunelveli District of Tamil Nadu
using Energy dispersive X-ray fluorescence (EDXRF) is
given in Table 3 illustrates the mean concentrations of
metals that exist in the following order of

Fe>Ba>Mn>V>Sr>Cr>Zn>Ni>Cu>Co>As>Cd. The heavy
metal concentration varies from 48.2-1770.9 mg kg-1 for V;
from 59.2- 155.9 mg kg-1 for Cr; from 114.4-2342.7 mg
kg-1 for Mn; from 7017-69546 mg kg-1 for Fe; from 2.8-
25.9mg kg-1 for Co; from 2.0-61.8 mg kg-1 for Ni; from
26.4-40.9mg kg-1 for Cu; from 16.4-85.8 mg kg-1 for Zn;
from 73.0-1799.3 mg kg-1for Ba; from 4.1-13.7 mg kg-1
for As; from 23.4 - 651.0 mg kg-1 for Sr and from 0.3-0.4
mg kg-1 for Cd. Fig. 3 shows the variation of locations and
concentrations of the elements. The higher concentration of
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ba ,As, Sr & Cd noticed in
TIR19, TIR20, TIR13, TIRI1, TIRI2, TIRI3, TIRI4,
TIR17, TIR2, TIR27, TIR6 may be due to anthropogenic
inputs. This is because to rapid global industrialization and
inadequate urbanization, which have notably heightened the
risk of environmental pollution by heavy metals [20]. A
comparison of the observed elemental concentrations from
this study with regional, national, and international levels is
presented in Table 4.

Table 3: Heavy Metal Concentration (ppm) in soil samples From Tirunelveli District.

SAMPLE ID \% Cr Mn Fe Co Ni Cu Zn Ba As Sr Cd PLI
TIR-1 107.1 102.3 5279 40182.0 156 31.7 332 699 8752 99 1748 03 0.8
TIR-2 513.5 592 1558 191350 7.5 24.0 315 47.1 9024 13.7 1417 03 0.7
TIR-3 136.1 88.1 4145 29864.0 11.5 29.6 305 63.5 7619 92 2895 04 038
TIR-4 168.3 107.8 467.2 31829.0 122 33.5 303 540 9816 9.0 2838 04 0.8
TIR-5 1203 95.6 348.0 255240 99 383 323 64.1 809.0 10.8 221.6 03 0.8
TIR-6 1543 1355 1481.6 654450 249 254 352 686 8242 81 869 04 038
TIR-7 269.7 109.5 582.3 40191.0 155 379 342 738 11153 7.7 2282 04 09
TIR-8 247.1 1129 613.8 48295.0 185 31.6 345 837 12396 79 2542 04 09
TIR-9 2455 1224 607.3 50480.0 19.1 314 354 738 8455 89 198.0 04 09
TIR-10 146.7 139.2 722.8 35725.0 134 372 340 448 7461 7.2 2088 04 0.8
TIR-11 790.9 133.8 1091.4 695460 259 20 288 846 2907 110 523 03 0.7
TIR-12 290.3 143.0 572.1 33509.0 12.7 61.8 328 485 9396 73 2470 03 09
TIR-13 237.1 126.3 23427 59746.0 224 369 409 593 10466 8.6 1875 03 1.0
TIR-14 186.7 118.8 1037.3 50229.0 19.0 38.8 38.6 858 8183 85 2249 03 09
TIR-15 1842 1374 589.6 31207.0 119 41.7 325 447 7142 7.8 2863 03 0.8
TIR-16 205.6 1152 861.5 47323.0 180 47.1 403 763 9327 80 2451 03 09
TIR-17 304.6 1049 582.6 28029.0 10.8 29.7 31.6 487 17993 8.0 5360 03 09
TIR-18 171.1 999 6544 34063.0 129 345 355 623 15369 9.1 4551 04 09
TIR-19 17709 1264 709.5 524180 19.8 2.0 32.6 80.7 1074 11.8 243 03 0.6
TIR-20 156.3 1559 291.6 22109.0 84 51.7 345 450 5355 62 1327 04 0.7
TIR-21 236.8 129.7 218.6 14223.0 55 31.3 288 288 2081 6.3 3827 03 0.6
TIR-22 1213.7 1152 4372 34577.0 134 6.8 334 574 73.0 13.1 234 03 0.6
TIR-23 217.5 1222 950.1 49975.0 189 438 366 68.1 8464 86 1861 04 09
TIR-24 162.0 107.7 366.1 28437.0 11.0 30.6 31.8 749 7435 105 1980 04 0.
TIR-25 198.9 1157 3464 421470 160 422 333 602 3926 105 632 04 0.7
TIR-26 192.9 144.6 4103 58873.0 224 459 369 712 3670 108 567 04 038
TIR-27 1443 788 2334 20576.0 79 372 312 442 13165 8.0 6510 04 0.8
TIR-28 278.8 1043 2327 15458.0 6.0 256 264 283 1453 53 3338 03 0.6
TIR-29 185.0 120.5 313.5 466640 17.6 457 326 62.1 4266 86 549 03 0.7
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TIR-30 48.2 99.0 1144 7017.0 2.8 49.0 29.6 164 1285 41 4765 03 0.5
TIR-31 586.1 107.0 219.0 23805.0 9.2 325 345 575 2163 9.1 473 03 0.6
MINIMUM 48.2 59.2 1144 7017.0 28 2.0 264 164 730 41 234 03 05
MAXIMUM 17709 1559 2342.7 69546.0 259 61.8 409 858 17993 13.7 651.0 04 1.0
AVERAGE 3184 1154 596.6 37309.7 142 34.1 334 59.6 731.8 88 2243 03 0.8
Shalé?']al“e 130 90 850 47200 19 68 45 95 580 13 300 03 -
SGV Value
2011) 22 120 - - 30 35 100 350 - 15 - 04 -
Table 4: Comparison of present study with National and International works.
REFE
S. \% Cr Mn Fe Co Ni Cu Zn As Cd RENC
NO LOCATION E
Changhua 14. 27.
1 County, Taiwan - 4.9 - - - 8.5 9 4 52 03 [3]
Sanandaj,, 14. 42. 717.
2 Kurdistan,Iran - 28.7 - - 8 479 6 2 38 01 [5]
Three Industrical 46. 297
3 Cities of South Korea - 0.6 - - - 1.1 23 17 4 .0 [7]
Ulaanbaatar, 1986. 53. 11 16.
4  Mongolia 38.8 9 - - - 136 3 05 4 - [11]
27. 94. 13.
5  Tianjin,china - 70.7 - - - 294 5 7 302 [12]
Northwest Nile Delta, 17. 37. 14 25,
6  Egypt 171.0 - - - 4 703 8 93 5 - [13]
Munshiganj,
Munshiganj District, 498. 359 49. 44
7 Bangladesh - - 0 42.0 - - 5 4.0 - - [14]
Granitic terrain of 14. 24. 44
8  southern India 116.3 45.6 - - 9 334 4 3 - - 4]
370. 15 43 38
9 Indian cities, India - 412.3 - - - 7 98 74 6 - [8]
16. 40. 34.
10 South India - 43.2 - - 5 76 6 7 - - 9]
Cuddalore District, 281 20. 67.
11 Tamil Nadu - 54.4 - 97.0 - 280 3 6 - - [6]
Ranipet,Tamil Nadu, 47. 32
12 India 115.0 501.2 - - - - 8 96 - - [10]
Average conc. In
shale (Background 850. 50.  90.
13 Value) - 100.0 0 470 - 680 O 0 - 0.3  [23]
63. 20 12
14 Threshold limit - 64.0 - - - 500 0 00 O - [24]
Average conc. In 28. 75.
15  world soil - 125.0 - 3.8 - 230 O 0 - 0.1 [25]
World soil average 488. 38.  70.
16  levels - 59.5 0 - - 290 9 0 - - [26]
Tirunelveli, Tamil 596. 373 14. 33. 59. Presen
17  Nadu, India 318.4 1154 6 100 2 341 4 6 88 03 t study
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Fig.2: Heavy metal concentration in the soil with different locations.

3.2 Metal Discussions

3.2.1 Barium

Barium is emitted into the atmosphere during the
production of barium compounds [27]. Barium levels in the
study area varied from73.0 to1799.3mg/kg, with a mean of
731.8 mg/kg. Seventy seven percent of the samples exceed
the value of 300 mg/kg [28]. Barium readily displaces other
sorbed alkaline earth metals from certain oxides, such as
MnO; and TiOs, but is displaced from Al,O3 by alkaline
earth metals like Be and Sr. In temperate humid climatic
zones, Ba is likely to be sequestered by Fe-oxides,
rendering it immobile. Barium in soil can be readily
mobilized under various physicochemical conditions. The
barium distribution is illustrated in figure 3.

3.2.2 Chromium

Chromium exhibits modest mobility, particularly
under mildly oxidizing and reducing circumstances and at
near-neutral pH levels. The adsorption of Cr®" diminishes
as pH rises, but the adsorption of Cr’* escalates with rising
pH. Conversely, Cr (VI) is detrimental to biological
systems [29]. Chromium levels in the study area from 59.2
to 155.9mg/kg, with a mean of 115.4mg/kg. Eighty percent
of the samples exceed the value of 100 mg/kg [23]. In this
study most of the samples are exceeded than the normal
value which may be due to the source of Cr appears to be
anthropogenic from the existing tannery industries, where

they are using Cr and its compounds. The chromium
distribution in the study area is given in figure 4.

3.2.3 Copper

Copper typically accumulates in the surface horizons, a
phenomenon attributed to the bioaccumulation of the metal
and contemporary anthropogenic sources [30]. The copper
level in soil samples is varied from 26.44 to 40.87 mg/kg
with a mean value of 33.36mg/kg. The normal threshold
value prescribed in soil is 30 mg/kg and eighty percentage
of the sample is exceeding the threshold value. This
indicated that copper values were found to be high in the
study area. These higher values may be due to copper
accumulation in the soil attributable to sectors such as steel
production, blast furnace operations, and the utilization of
agrochemicals in the aerated industry. The Cu level is
characterized by point sources of contamination, notably
uncontrolled, active, or unattended garbage dumps, which
are numerous in the research region The distribution of
copper in the study area is given in figure 5.

3.2.4 Strontium

Strontium is closely linked to calcium and serves as an
indicator of calcareous rocks, particularly in conjunction
with Sr, Mg, and Ba. Where Ca and additional components
signify calcareous rocks, together with other elements (e.g.,
REEs) indicate felsic intrusive, Bedrock geology may be
conducive to skarn mineralization. Sr is readily mobilized
during  weathering,particularly in oxidizing acidic
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conditions, and is integrated into clay minerals and strongly
rectified by organic matter [29,31]. The mean Sr content in
the research area is 224.3 mg/kg with a range of 23.4 to
651.0 mg/kg. The concentration of Sr in soil is within
reasonable limits, indicating its typical levels and reflecting
the baseline value in the soil. This indicates that its source
seems to be the geogenic contribution of Sr in the soil. The
distribution of strontium in the study area is given in figure
6

3.2.5 Vanadium

industrial applications in dyes, textiles, metallurgy,
and electronics.Vanadium levels ranged from 48.2 to

1770.9mg/kg in the study area with a
soilmeanof318.4mg/kg (Fig. 7). Normal threshold value for
vanadium in soils is 100 mg/kg[32]. Ninetysix percentage
of samples showed higher than threshold value indicating
that bearing on V content in soil samples. The vanadium
level in soil is reliant upon the parent material and the
pedogenic processes involved in its formation and also
majority of the industries are textile and petroleum products,
are the source is anthropogenic activities in the study area.
The distribution of vanadium in the study area is given in

Vanadium commonly possesses extensive and diverse figure 7.
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3.2.6 Zinc

Zinc is a trace metal that is vital for the growth of
peoples, animals, and plants, although it can pose a risk to
the biosphere at raised quantities. The primary causes of
pollution are factories and the application of liquid manure,
composted materials, and agrochemicals, including
fertilizers and insecticides, in farmland [33]. The mean zinc
concentration is 59.63mg/kg, ranges
from16.43t085.80mg/kg in the study area. The normal
threshold value prescribed in soil is 200 mg/kg [34]. None
of the samples are not exceed the threshold value and
indicating that the study area is free of Zn metal. However,
zinc are found in the nearby industrial areas which may
clearly indicate the source to be anthropogenic and not
natural [35]. The distribution of zinc in the study area is
given in figure 8.

3.2.7 Arsenic

Arsenic is a metalloid belong to group VA and period
4 of the periodic table, occurs in many minerals, mainly as
As203, and can be extracted from the processing of ores
predominantly containing Cu, Pb, Zn, Ag, and Au. It is also
found in the residues of coal combustion [36]. Arsenic is a
significant heavy element that raises concerns about both
natural and human health perspectives [37]. Arsenic
produces many inorganic and organic compounds with
varying toxicity, which reflects the physicochemical
features of arsenicals of differing valency. Arsenic was
detected in soil samples within the range of 4.090—
13.743mg/kg with an average of 8.822 mg/kg. The soil
sample contains arsenic are probably the result of discharge
from industrial waste or by leaching from sewage [38]. The
distribution of arsenic in the study area is given in figure 9.

3.2.8 Cadmium

Cadmium is highly hazardous, causing symptoms
including nausea, vomiting, respiratory distress, cramps,
and loss of consciousness at raised dosages. The values of
cadmium concentration in soil varied from0.305t00.397
mg/kg with an average of 0.347 mg/kg. All soil tests
exhibit elevated cadmium concentrations beyond the
thresholds established by the Swedish soil guideline values.
This may result from effluents of industrial waste or
leaching from polluted landfills [39]. High cadmium
concentration in some locations (TIR-6, TIR-18, TIR-20,
TIR-10) may be attributed to large use of PVC plastics,
nickel cadmium batteries, insecticides, motor oil, and
disposal of sludge in dump sites [40]. The cadmium
distribution in the study area is given in figure 10.

3.2.9 Iron

Iron is the main metal of the lithosphere, containing
around 5%, predominantly found in magmatic rocks. Iron is
released as corrosion by products in aquatic and land-based
settings [41]. The values of iron concentration in soil varied
from7017 1069546 mg/kg with a mean of37310 mg/kg.
The high concentration of Iron is noticed inTIR-23, TIR-6,
TIR-13, TIR-26 may be due industrial and municipal
discharges. The distribution of iron in the study area is
given in figure 11.

3.2.10 Cobalt

Cobalt concentration in soil, it varied from2.75 to
25.88 mg/kg with a mean of 14.20 mg/kg. The cobalt
concentration in this study is beyond the limit as prescribed
by the Swedish soil guideline values for soils. This
indicated that soil is free from cobalt sources. The
distribution of cobalt in the study area is given in fig 12.

© 2026 NSP
Natural Sciences Publishing Cor.



276 oo

T. Krishnamoorthi et al.: Analysis of Heavy Metal Pollution...

3.2.11 Nickel

Nickel is a silvery-white metal that achieves a highluster; it
is a transition metal, characterized by its hardness and
ductility. It typically occurs in conjunction with sulfur and
iron in pentlandite, with sulfur in millerite, with arsenic in
the mineral nickeline, and with arsenic and sulfur in nickel
glance [42]. Common sources of nickel comprise
contamination from municipal sewage sludge, effluent from
sewage treatment facilities, and groundwater next to

landfill sites. Industries such as ceramics, steel and alloys,
electroplating, and refractory materials contribute to nickel
manufacturing. Anthropogenic sources encompass the
combustion of fuel or trash emitted by enterprises. The
concentration of nickel in soil, it varied from 2.00 to 61.84
mg/kg with an average of 34.10 mg/kg The nickel value,
according to Swedish guidelines, must be below 50 mg/kg.
The soil sample from Tirunelveli does not exceed the limits
of the Swedish soil quality guidelines. The distribution of
nickel in the study area is given in figure 13.
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3.3. Spatial Distributions of Heavy Metals

The Spatial Distribution of the Heavy Metal As shown in
Fig (14 a) to (14 1) in the study area shows an increase in
the spatial trends for As Fig(14 j). On the other hand,
modest amounts of Cu, Co, & Zn were present in the
northwest of the research region. The east portions of the
research area Fig (14 g), (14 e), (14 h) had significantly
concentrations of Fe, V, Sr which may be related to local
people’s activity and anthropogenic activities. According to
the interpolation map in Fig (14 d), (14 a), (14 k)The heavy

The highest values for Cr whereas the spatial distribution of
Co, Cd was irregular since the highest values were
dispersed throughout the north and west of the study region
Fig (14b), (14 e), (14 1). The primary contributors to soil
nickel (Ni) pollution are enterprises engaged in metal
plating, fossil fuel combustion, nickel mining, and
electroplating (Fig. 14 f). This includes anthropogenic
sources such as sewage sludge and other waste materials
used as soil conditioners, phosphate-based farm fertilizers,
atmospheric deposition, and inorganic fertilizers [43-48].
The regional trends show that concentrations of copper (Cu)

metals Cu and Ba, are in the south, east, and center of the and  zinc _ (Zn) grew from the north to the
study area Fig (14 g), (14 1). southwest Fig (14g), (14h).
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4. Ecological risk factor (Er) where T': = toxic response factor of a given substance
(Chromium = 2, Manganese = Nickel = Copper = 5, Zinc =

Ecological risk factor (Er') quantitatively expresses 1, Arsenic = 10, Cadmium = 30); C'is the contamination
the potential ecological risk of a given single contaminant factor which has been evaluated from Eq. (3).
Hakanson 1980 [49] and is given as:

T E (o) S — (1)

Table 5: Eri and RI Values of Heavy metal concentrations of soil samples.

Potential Ecological risk factor (Eri)

SAMPLE ID RI
Cr Mn Ni Cu Zn As Cd
TIR-1 2.3 3.1 2.3 3.7 0.7 7.6 345 54.2
TIR-2 1.3 0.9 1.8 35 0.5 10.6 31.6 50.2
TIR-3 2.0 2.4 2.2 34 0.7 7.1 353 53.0
TIR-4 2.4 2.7 2.5 34 0.6 6.9 37.6 56.1
TIR-5 2.1 2.0 2.8 3.6 0.7 8.3 33.7 533
TIR-6 3.0 8.7 1.9 3.9 0.7 6.2 39.7 64.2
TIR-7 2.4 34 2.8 3.8 0.8 6.0 374 56.6
TIR-8 2.5 3.6 23 3.8 0.9 6.1 35.1 54.4
TIR-9 2.7 3.6 2.3 3.9 0.8 6.9 355 55.7
TIR-10 3.1 43 2.7 3.8 0.5 5.5 38.4 58.2
TIR-11 2.7 5.6 32 4.1 0.7 6.6 35.9 58.9
TIR-12 32 34 4.5 3.6 0.5 5.6 31.9 52.7
TIR-13 2.8 13.8 2.7 4.5 0.6 6.6 343 65.4
TIR-14 2.6 6.1 2.9 43 0.9 6.5 323 55.6
TIR-15 3.1 3.5 3.1 3.6 0.5 6.0 33.7 534
TIR-16 2.6 5.1 35 4.5 0.8 6.1 34.0 56.5
TIR-17 2.3 34 2.2 35 0.5 6.1 34.9 52.9
TIR-18 2.2 3.8 2.5 3.9 0.7 7.0 39.5 59.7
TIR-19 2.8 4.2 0.1 3.6 0.8 9.1 32.6 53.2
TIR-20 35 1.7 3.8 3.8 0.5 4.7 38.6 56.6
TIR-21 2.9 1.3 2.3 32 0.3 4.8 35.0 49.8
TIR-22 2.6 2.6 0.5 3.7 0.6 10.0 31.5 51.5
TIR-23 3.0 6.4 0.1 32 0.9 8.4 30.9 52.9
TIR-24 2.4 2.2 2.2 35 0.8 8.1 35.2 54.4
TIR-25 2.6 2.0 3.1 3.7 0.6 8.1 35.2 55.4
TIR-26 32 2.4 34 4.1 0.7 8.3 36.2 58.4
TIR-27 1.8 1.4 2.7 35 0.5 6.2 35.8 51.8
TIR-28 23 1.4 1.9 2.9 0.3 4.1 332 46.1

TIR-29 2.7 1.8 34 3.6 0.7 6.6 30.5 49.2

© 2026 NSP
Natural Sciences Publishing Cor.



J. Rad. Nucl. Appl. 11, No.3, 267-285(2026)

/ http://www.naturalspublishing.com/Journals.asp

%’ e ‘-—»3 ~ 281

TIR-30 2.2 0.7 3.6
TIR-31 24 1.3 2.4
MINIMUM 1.3 0.7 0.1

MAXIMUM 35 13.8 4.5
AVERAGE 2.6 3.5 2.5

3.3 0.2 3.1 33.2 46.3
3.8 0.6 7.0 31.1 48.6
2.9 0.2 31 30.5 46.1
4.5 0.9 10.6 39.7 65.4
3.7 0.6 6.8 34.7 54.4

The following terminologies are used to describe the risk
factor: Er'< 40, low potential ecological risk; 40 < Er'< 80,
moderate potential ecological risk; 80 < Er'< 160,
considerable potential ecological risk; 160 < Er'< 320, high
potential ecological risk; and Er' > 320, very high
ecological risk [49]. It was found that the value of Er' from
Table - 5for chromium, manganese, nickel, copper, zinc,
arsenic, cadmium was below 40 in all the sampling sites,
thus indicating low potential ecological risk. Fig 15 gives
the variations of locations with ecological risk factor.

4.1Potential ecological risk index (RI)

To assess the cumulative ecological danger of the
detected metals in the research area, the danger Index (RI)
was computed as the aggregate of all seven risk variables
(Table 5). RI could delineate the sensitivity of the local
ecosystem to hazardous metals and signify the ecological
risk arising from overall contamination. The potential
ecological risk index (RI) was defined identical to the
degree of pollution, as the aggregate of the risk elements.

Where Eriis the ecological risk factor and m is the
count of the heavy metal species. The following

terminology was used for the potential ecological risk index:

RI < 150, low ecological risk; 150 < RI < 300, moderate
ecological risk; 300 < RI < 600, considerable ecological

risk; and RI > 600, very high ecological risk [49].

RI= " E/ )

The RI value for all the locations are found to be less than
value of 150, signifies the low ecological risk. The
locations with potential ecological risk index is given in
figure 16.

4.2 Pollution index

In this study, the pollution load index (PLI) is applied
to assess the degree of heavy metals polluted in soils at the
sampling stations by calculating the n root of the product
of the nCF. Tomlinson1980 [50-52] records that the study
soil is considered to be significantly polluted if the PLI
value is greater than 1, but not when it is less than 1.

PLI = (CF, x CF, x CFg x--x CF)¥n — (3)

This empirical index offers an easy, comparable method for
determining the extent of heavy metal contamination. The
PLIs calculated according to the contamination factorof
heavy metals in soil and it is given in Table 3. The PLIs in
all soil samples varied from 0.5 tol.0 with a mean of 0.8
indicating that the soils are very not contamination by the
heavy metals. The variation of PLI with the sample
location is given in figure.17.
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Fig. 17. Box-plots of pollution load index (PLI) for heavy metals.

5. Conclusion

The content of heavy metals in the soils of Tirunelveli
District, Tamil Nadu, have been measured using the
EDXRF technology. The average concentrations of the
studied heavy metals significantly exceeded the
background values. This may be attributable to
anthropogenic inputs in the studied area. The spatial maps
illustrated the distribution pattern of heavy metals in the
research area. The ecological risk index (RI) for heavy
metals suggested low risk while the pollution load index
(PLI) showed that the research area is not significantly
impacted.

The findings of the research indicate the influence of
anthropogenic factors on heavy metal contamination in the
soils of the investigated area, ascribed to the disposal of
hazardous waste and the uncontrolled discharge of effluents.
Increased concentrations of hazardous metals in certain
areas may lead to a significant increase in their
concentration in groundwater due to leaching. This study
points out the necessity for immediate control measures to
address the current severe heavy metal pollution in the area.
The soils need various remediation technologies, such as
bioremediation and phytoremediation through the
cultivation of certain plants that can reduce contamination
rates and prevent future pollution issues.

© 2026 NSP
Natural Sciences Publishing Cor.



J. Rad. Nucl. Appl. 11, No.3, 267-285(2026)

/ http://www.naturalspublishing.com/Journals.asp

283

L e

Reference

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

J Briffa, E Sinagra, R Blundell., Heavy Metal
Pollution in the Environment and
Their Toxicological Effects on Humans. Heliyon.
6(9), 04691 (2020).
https://doi.org/10.1016/j.heliyon.2020.e04691.
V Singh, N Singh, SN Rai, A Kumar, AK Singh, MP
Singh, A Sahoo, S Shekhar, E Vamanu, V Mishra.,
Heavy Metal Contamination in the Aquatic
Ecosystem: Toxicity and Its Remediation Using
Eco-Friendly Approaches. Toxics. 11(2), 147
(2023). https://doi.org/10.3390/toxics11020147.

Yu-Pin Lin., Tung-Po Teng., Tsun-Kuo Chang. (2002).

Multivariate analysis of soil heavy metal
pollution and landscape pattern in Changhua County
in Taiwan. Landscape and Urban Planning, 62(1),
19-35.https://doi.org/10.1016/S0169-2046(02)00094-
4.

Atef El-Taher, EE Massoud., Distribution of heavy
metal and pollution assessment in environmental
samples along the coastal area of Ras Tanura
International Journal of Environmental Analytical
Chemistry, 1-10 (2021).

M Shabib, Atef El-Taher, NMA Mohamed, HA
Ashry., Assessment of Heavy Metals and Rare Earth
Elements of Coral Reefs in the Safaga Harbour by
Neutron Activation Analysis. J. Rad. Nucl. Appl. 6,
No. 2, 181- 188 (2021).

T Inbanila, V Arutchelvan., Assessment of Pollution
Indices for Evaluation of Heavy Metals in Soil
in and Around SIPCOT Industrial Complex Cuddalore
District, Tamil Nadu. International Journal of
Applied Engineering Research, 10 (19), 40331-40335
(2015).
https://www.researchgate.net/publication/284895960.
In-Gyu Cho, Min-Kyu Park, Hye-Kyung Cho, Jin-
Woo Jeon, Sung-Eun Lee, Sung- Deuk

Choi., Characteristics of metal contamination in paddy
soils from three industrial cities in South Korea.
Environ Geochem Health, 41(5),1895-1907 (2019).
https://doi.org/10.1007/s10653-019-00246-1.
Narsimha Adimalla. Heavy metals pollution
assessment and its associated human  health risk
evaluation of urban soils from Indian cities: a review.
Environ Geochem Health 42 (1), 173-190 (2020).
doi.org/10.1007/s10653-019-00324-4.

Narsimha Adimalla, Jie Chen, Hui Qian., Spatial
characteristics of heavy metal contamination and
potential human health risk assessment of urban soils:
A case study from an urban region of South
India. Ecotoxicology and Environmental Safety,
194 (1), 110406 (2020).
https://doi.org/10.1016/j.ecoenv.2020.110406.

S Srinivasa Gowd., Heavy Metal Distribution and
Contamination in Soils of Ranipet Industrial Area,
Tamil Nadu, India. International Journal of

Recent Innovations in Academic Research, 5 (6), 3
8-53 (2021) https://www.academia.edu/74230127.

[11] P Oyunbat, O Batkhishig, B Batsaikhan, F Lehmkuhl,

[12]

[13]

[14]

M Knippertz, V Nottebaum., Spatial distribution,
pollution, and health risk assessment of heavy metal
in industrial area soils of ulaanbaatar, Mongolia. The
International ~Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences,
XLIII-B4, 123- 133

(2021). https://doi.org/10.5194/isprs-archives-XLIII-
B4-2021-123-2021.

Tiantian Ma, Youwen Zhang, Qingbai Hu, Minghai
Han, Xiaohua Li, Youjun Zhang, Zhiguang Li,
Rongguang Shi., Accumulation Characteristics and
Pollution  Evaluation of Soil Heavy Metals in
Different Land Use Types: Study on the Whole

Region of Tianjin. International Journal of
Environmental Research and Public ~ Health.19 (16),
10013 (2022).

https://doi.org/10.3390/ijerph191610013.
A Radwa El Behairy, A Ahmed El Baroudy, M
Mahmoud Ibrahim, Elsayed Said Mohamed, Y Nazih,
Rebouh, S Mohamed Shokr., Combination of GIS and
Multivariate Analysis to Assess the Soil Heavy
Metal Contamination in Some Arid Zones. Agronomy,
12 (11), 2871(2022).
https://doi.org/10.3390/agronomy12112871.
Shirin Akter, YN Jolly, MJ Kabir, KM Mamun.,
Analysis of Heavy Metals and Other
Elements in Soil Samples for its Physicochemical
Parameters Using Energy Dispersive X-Ray
Fluorescence (EDXRF) Techniques. Austin Journal
of Environmental Toxicology, 9(1), 1045 (2023).
https://fulltext/ajet-v9-id1045.pdf.

[15] U Barnekow, S Fesenko, V Kashparov, G Kis-benedek,

[16]

[17]

[18]

G Matisoff, YU Onda, N Sanzharova, S Tarjan, A
Tyler, B Varga, Guidelines on soil and
vegetation sampling for radiological
monitoring. Technical Reports Series, No. 486 (2019).
https://PDF/DOC_010_486_web.pdf.
KM Murthuza, N Surumbarkuzhali, V Thiukumaran,
M Suresh Gandhi, V Maya Panicker, SN Bramha, S
Chandrasekaran, and R Ravisankar., Natural
Radioactivity of soil samples in Tiruvannamalai
District, Tamil Nadu, India.”Geo-Enviranmental
Issues in Anthropocene”, Editors Babu Nallusamy
Mohammmde Aslam, M.A. School of Earth Sciences,
Central University of Karnataka. Excel India
Publishers.pp,191-200 (2024).
A Chandrasekaran, R Ravisankar R., Potential
ecological risk assessment in soils of Yelagiri  hill,
Tamil Nadu wusing energy dispersive X-ray
fluorescence (EDXRF) technique.
Applied Radiation and Isotopes, 147, 76-82 (2019).
https://doi.org/10.1016/j.apradis0.2019.01.009.
OA Onwuka, BA Uzoukwu., Studies on the
Physicochemical properties of soil from the Botanica

© 2026 NSP
Natural Sciences Publishing Cor.


https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.3390/toxics11020147
https://doi.org/10.1016/S0169-
https://www.researchgate.net/publication/284895960
https://doi.org/10.1007/s10653-019-00246-1
https://doi.org/10.1016/j.ecoenv.2020.110406
https://doi.org/10.5194/isprs-archives-XLIII-B4-2021-123-2021
https://doi.org/10.5194/isprs-archives-XLIII-B4-2021-123-2021
https://doi.org/10.3390/ijerph191610013
https://doi.org/10.3390/agronomy12112871
https://fulltext/ajet-v9-id1045.pdf
https://PDF/DOC_010_486_web.pdf
https://doi.org/10.1016/j.apradiso.2019.01.009

284

N S

T. Krishnamoorthi et al.: Analysis of Heavy Metal Pollution...

Garden, University of Port Harcourt, Port Harcourt,
Nigeria. Scientia Africana, 7 (1): 157-164 (2008).

[19] R Ravisankar, M Tholkappian, A Chandrasekaran, P
Eswaran, Atef El-Taher., Effects of physicochemical
properties on heavy metal, magnetic susceptibility
and natural radionuclides with statistical approach
in the Chennai coastal sediment of east coast
of Tamilnadu, India. Applied Water Science, 9 (7)
(2019). https://doi.org/10.1007/s13201-019-1031-8.

[20] Aneta Zwolak, Magdalena Sarzynska, Ewa Szpyrka,
Kinga Stawarczyk., Sources of Soil Pollution by
Heavy Metals and Their Accumulation in Vegetables:
a Review, Water Air Soil Pollut. 230: 164. (2019).
https://doi.org/10.1007/s11270-019-4221-y.

[21] KK Turekian, KH Wedepohl., Geological Society of
America Bulletin, 72,175-192 (1961).
http://dx.doi.org/10.1130/0016-7606.

[22] GR Bhagure, KH Wedepohl., Distribution of the

elements in some major units of the Earth’s crust.

Geological Society of America Bulletin, 72, 175-192

(1961). https://doi.org/10.1130/0016-7606.

K Hans Wedepohl., The composition of the
continental crust, Geochimica et Cosmochimica
Acta. 59(7), 1217-1232 (1995). doi.org/10.1016/0016-
7037(95)00038-2.

[24] CCME., Canadian Soil Quality Guidelines for the
Protection of Environmental and Human Health: Lead
(1999). In: Canadian Environmental Quality
Guidelines, Canadian Council of Ministers of the
Environment (1999).

(23]

[25] Koushik Sadhu, Kalyan Adhikari, Aniruddha
Gangopadhyay., Assessment of Heavy Metal
Contamination of Soils In and Around Open  Cast
Mines of  Raniganj Area, India.

International Journal of Environmental Engineering
Research, 1(2), 77-85 (2012).

[26] Siti Norbaya Mat Ripin, Sharizal Hasan, Mohd Lias

Kamal, NorShahrizan Mohd Hashim., Analysis and

pollution assessment of heavy metal in soil, Perlis.

The Malaysian Journal of Analytical Sciences, 18(1),

155 -161 (2014).

ATSDR., Toxicological profile for Barium, U.S.
Department of Health and Human
Services, Atlanta, G.A: Public Health Service, (2007).
[28] C.S0.Q.Gs, Canadian Soil Quality Guidelines for the

Protection of Environmental and Human Health,
Summary Tables. 2007, Chapter 7.

[29] Alina Kabata-Pendias., Trace Elements in Soils and
Plants (3rd Edition.), CRC  Press, Boca Raton. 432
(2001). DOI: https://doi.org/10.1201/9781420039900.

[30] Alina Kabata-Pendias., Soil-plant Transfer of Heavy

Metals — An Environmental Issue. Geoderma, 122

(2-4), 143-149 (2004).

SM McLennan, RW Murray., Geochemistry of
sediments, in : C.P. Marshall,R.W. Fairbridge (Eds.),
Encycl. Geochemistry, Kluwer Academic

Publishers, 282-292 (1999).

(27]

[31]

[32] ACL Larocque, E Patricia Rasmussen., An overview
of trace metals in the environment, from mobilization
to remediation, Environmental Geology. 33, 85-91
(1998).

[33] Abdallah Shaltout Omar Abd-Elkader, Sameh Ibrahmi,
Atef El-Taher, Salwa Abayazeed., Quantitative
Elemental Analysis and Natural Radioactivity Levels
of Muds and Salts Collected from the Dead Sea,
Jordan. Microchemical Journal 133, 352357 (2017).

[34] BIS, Indian standard drinking water specifications,
IS:10500, Bureau of Indian Standards, New Delhi,

(1991).

[35] U  Aswathanarayana., Geoenvironment: An
Introduction, A.A. Balkema, Rotter- dam, The
Netherlands (1995).

[36] N Singh, D Kumar, A Sahu., Arsenic in the
environment: effects on human health and possible
prevention. Journal of Environmental Biology. 28(2),
359- 365 (2007).

[37] LA Smith, JL Means, A Chen., Remedial Options for
Metals-Contaminated Sites, Lewis Publishers, Boca
Raton, Fla, USA (1995).

[38] PK Naik, BN Dehury, AN Tiwari., Groundwater
pollution around industrial area in the costal stretch of
Maharashtra state, India. Environmental Monitoring
and Assessment, 132(1-3), 207-233 (2007).

[39] RK Singh., Assessment of pollution level of

Aadaigadha estuary in coastal region  of

Maharashtra in relation to aquaculture. Journal of

Ecotoxicology and Environmental Monitoring, 13(3),

133-240 (2003).

M Wael Badawy, G Octavian Duliu, Hussein El

Samman, Atef El-Taher, V Marina Frontasyeva., A

Review of Major and Trace Elements in Nile River

and Western Red Sea Sediments: An Approach of

Geochemistry, Pollution, and Associated Hazards.

Journal of Applied Radiation and Isotopes Applied

Radiation and Isotopes, 109595 (2021).

[41] CA Smith., Soil in the corrosion process: A review of
the role of soil conditions on the corrosion of
underground pipes. Anticorrosion Methods and
Materials (1981).

[42] Atef El-Taher, Fatimh Alshahri, Reda Elsaman.,
Environmental Impacts of Heavy Metals, Rare Earth
Elements, and Natural Radionuclides in Marine
Sediment from Ras Tanura, Saudi Arabia along the
Arabian Gulf. Applied Radiation and Isotopes 132,
95-104 (2018).

[43] RA Wuana, FE Okieimen., Heavy Metals in
Contaminated Soils: A Review of Sources, Chemistry,
Risks and Best Available Strategies for Remediation.
Communications in Soil Science and Plant Analysis,
42, 111-122 (2011).

[44] SP Mcgrath., Nickel in Heavy Metals in Soils, 2nd
Edison. Alloway, B.J., Ed.  Blackie Academic &
Professional: London, UK, P 371 (1995).

[40]

©2026 NSP
Natural Sciences Publishing Cor.


https://doi.org/10.1007/s13201-019-1031-8
https://doi.org/10.1007/s11270-019-4221-y
http://dx.doi.org/10.1130/0016-7606
https://doi.org/10.1130/0016-7606
file:///C:/Users/ayousf2030/AppData/Local/Packages/5319275A.WhatsAppDesktop_cv1g1gvanyjgm/LocalState/sessions/D54C8C844AE969F4D03633E8F3709F8632B21BED/transfers/2026-05/Geochimica%20%09et%20%09Cosmochimica%20Acta
file:///C:/Users/ayousf2030/AppData/Local/Packages/5319275A.WhatsAppDesktop_cv1g1gvanyjgm/LocalState/sessions/D54C8C844AE969F4D03633E8F3709F8632B21BED/transfers/2026-05/Geochimica%20%09et%20%09Cosmochimica%20Acta
https://doi.org/10.1016/0016-7037(95)00038-
https://doi.org/10.1016/0016-7037(95)00038-
https://doi.org/10.1201/9781420039900

J. Rad. Nucl. Appl. 11, No.3, 267-285(2026) / http://www.naturalspublishing.com/Journals.asp

[45] Vandana Partha, NN Murthya, Praveen Raj Saxenab.,
Assessment of heavy metal contamination in soil
around hazardous waste disposal sites in Hyderabad
city (India): natural and anthropogenic implications.
Journal of Environmental Research and Management,
2(2), 027-034. 28(2), 4-8 (2011).

[46] S Giorgio Senesil, G Baldassarre, N Senesi, B
Radina., Trace element inputs into soils by
anthropogenic activities and implications for human
health. Chemosphere, 39(2), 343-377 (1999).

[47] SK Abdul Kader Arafin., AKM Fazlul Hoque, M
Joynal Abedin, Atef El-Taher., Heavy Metal
Detection in Soil and Related Health Aspect at Aila
Inundated Sundarban Region, Bangladesh.
International journal of scientific and technology
research, 8 (10) 2702-2707 (2019).

[48] FA Nicholson, SR Smith, BJ Alloway, C Carlton
smith, BJ Chambers., An inventory of heavy
metals inputs to agricultural soils in England and
Wales. Science of The Total Environment,
311(1-3),205-219 (2003).

[49] L Hakanson., An ecological risk index for aquatic
pollution control. a sedimentological approach. Water
Research, 14(8), 975-100 (1980).

[50] DL Tomlinson, JG Wilson, CR Harris, DW Jeffrey.,
Problems in the assessment of heavy-metal levels in
estuaries and the formation of a pollution index. Hel-
gol. Mar. Res. 33, 566-575 (1980).

[51] S Alashrah, and Atef El-Taher., Assessing Exposure
Hazards and Metal Analysis Resulting from Bauxite
Samples Collected from a Saudi Arabian Mine. Polish
Journal of Environmental Studies. 27 (3), 959-966
(2018).

[52] F Alshahri, and Atef El-Taher., Assessment of Heavy
and Trace Metals in Surface Soil Nearby an Oil
Refinery, Saudi Arabia, Using Geoaccumulation and
Pollution Indices. Archives of environmental
contamination and toxicology. 75, 390-401 (2018).

© 2026 NSP
Natural Sciences Publishing Cor.


https://www.sciencedirect.com/journal/chemosphere
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/water-research
https://www.sciencedirect.com/journal/water-research

	1 Introduction 

