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ABSTRACT

This study aims to examine the feasibility of using magnetic techniques to identify anthropogenic materials
produced by human activities. Rock magnetism, geochemical analysis, and pollution index calculations
were used. The magnetic signal of the topsoil from the industrial area is greatly enhanced when compared
with the background, with a magnetic susceptibility (y.r) of 0.23-42.60 x 10° m*kg. However, industrial
topsoil contains only a small number of pedogenic Superparamagnetic (SP) grains, as indicated by the low
average yrp% value (<2%). The geochemical properties of the magnetic fraction in industrial topsoil differ
significantly from those of topsoil generally found in peatlands. This indicates that magnetic minerals in
industrial topsoil originate not only from pedogenic processes, but also from parent soil materials in the
surrounding area. Significant magnetic correlation techniques can screen for topsoil pollution in this area,
as evidenced by the significant correlations between y.r, Fe, and Mn, as well as between ynr and yrp%.
Five heavy metals had abundances exceeding the threshold, as shown by the Pollution Load Index (PLI),

which indicated moderate to very high pollution.

Keywords-peatland; monitoring; lithogenic; anthropogenic; geochemistry

I.  INTRODUCTION

The soil surface contains various elements, including heavy
metals. These elements can be natural (lithogenic) or the result
of human activities (anthropogenic) [1]. Urban areas are
particularly vulnerable to heavy metal contamination [2].
According to [3], the industrial area has the potential to be
polluted, with increased concentrations of heavy metals
appearing in many industrial and urban soils [2]. Since heavy
metals do not decompose, they can accumulate in soil, and the
latter is not a renewable natural resource. It is, thus, required to
monitor heavy metal concentrations in soil to prevent pollution
and propose remediation actions if necessary [4]. There are two
possible ways to identify magnetic particles in heavy metal
pollution: heavy metals entering the crystal structure during
combustion or particle formation and heavy metals being
adsorbed into magnetic particles after particle formation [5].
Indirectly, this explains that the presence of anthropogenically
produced magnetic particles also indicates the presence of
heavy metals. Therefore, magnetic measurements (magnetic
susceptibility) have become an important tool for estimating
anthropogenic heavy metal pollution in soil [6] and sediment
[7]. Additionally, magnetic susceptibility is a cost-effective,
rapid, and non-destructive measurement method. Several
studies report a positive correlation between magnetic
susceptibility and the level of heavy metal pollution in
industrial areas. This method is widely accepted for estimating
the levels of heavy metal pollution. The values of magnetic
susceptibility reveal the concentration and granulometric
distribution of ferromagnetic minerals, such as magnetite and
maghemite, coming from natural processes or human activities.
The frequency-dependent magnetic susceptibility percentage
value was used to distinguish between naturally occurring and
anthropogenically produced ferromagnetic minerals. Naturally
produced ferromagnetic minerals are ultrafine SP particles
(<0.03 pm) that are frequency dependent. In contrast,
anthropogenically produced ferromagnetic particles are

Multidomain (MD) and Stable Single-Domain (SSD) magnetic
particles that are independent of frequency [8]. Consequently,
many studies have used soil's magnetic susceptibility to map
the spatial distribution of heavy metal pollution economically.
However, no research examining the heavy metal content or
increase in magnetic susceptibility of the top layer of soil in
industrial areas of Banjarmasin has been conducted. The main
objectives of this study are to: evaluate the heavy metal content
and pollution level in the surface soil of industrial areas in the
city, determine the distribution of heavy metals and their
magnetic susceptibility, and correlate metal pollution with
magnetic susceptibility.

II. MATERIALS AND METHODS

Banjarmasin City is located between latitudes 3°16'46" and
3°22'54" south and longitudes 114°31'40" and 114°39'55" east,
as presented in Figure 1. The city's industrial area is located to
the west, including plywood manufacturing, household
furniture production, palm oil processing, and warehousing.
The industrial area is located on the banks of the Martapura and
Barito rivers, in a swampy area that geologically consists of
alluvium [9].
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Fig. 1. Map of the study area showing the sampling sites (red dots).
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In the study area, a total of 30 topsoil samples were
numbered 1A-1E, 2A-2E, and 6A-6E based on their
respective locations. A plastic shovel was used to collect five
soil samples at depths ranging from 5 cm to 15 cm,
subsequently storing them in a plastic bag at each designated
location. The vehicle's location was subsequently documented
through GPS tracking. The procedure entails the air-drying of
the soil samples at ambient temperature within the laboratory
setting. Authors in [10] outlined that the soil samples were
sifted through a 2-mm sieve following the drying process. For
the magnetic susceptibility testing, specific samples were
meticulously positioned within a cylindrical plastic holder,
measuring 25.4 mm in length and 22 mm in width. In
accordance with the methodology established in [11], a subset
of the residual bulk samples was used to quantify the metal
content. Thereafter, a magnetic stirrer was employed to
facilitate the magnetic separation of the samples from each
respective location. The extraction of magnetic particles was
achieved through the application of a rotating magnetic field,
generated by a magnet wrapped in parafilm, within a soil-water
solution (1:10). To ensure the collection of magnetic particles,
the parafilm was detached from the magnet and thoroughly
rinsed with deionized water, a process repeated until no
magnetic particles remain. A thorough examination of the
magnetic mineral crystal structures, shapes, and sizes of the
extracted samples was conducted. The identification of crystal
structures and magnetic mineral grain shapes and sizes was
facilitated by the usage of XRD and SEM. The range of the
magnetic mineral grains in the SD category is from 0.03 pm to
0.1 pm, in the PSD category from 0.1 pm to 20 pm, and in the
MD category from >20 pum [12]. A specially designed meter
(Bartington Instrument Ltd., Oxford, UK) was used to assess
the magnetic susceptibility of the samples under consideration,
exhibiting an accuracy of 1%. The values of low-frequency

magnetic  susceptibility  (yzr), high-frequency magnetic
susceptibility (ywr), and frequency-dependent magnetic
susceptibility (yzp) were calculated by [12]:
Xep (%) = EHE X 100% ()
XLF

The metal content present in the soil samples was measured
using a PANalytical X-ray fluorescence instrument, model:
Minipal 4. The crystal structure was analyzed using a Rigaku-
SmartLab X-ray diffractometer, and a Scanning Electron
Microscope Energy Dispersive Spectroscopy (SEM-EDS)
analysis was conducted using a JED-2300T Energy Dispersion
X-ray spectrometer to observe the shape and size of the
magnetic minerals of the extracted samples. The statistical
analysis of the data was conducted using the SPSS Statistics
20.0 for Windows program, while a one-way Analysis of
Variance (ANOVA) was used to assess the variability present
within the soil layers. The relationship between the magnetic
characteristics and the geochemical index was examined using
a Pearson correlation analysis. The Geoaccumulation Index
(Igeo) Was used to compare the concentrations of heavy metals
in research samples to the metal content in a reference sample
[13]:

lyeo = 10, (72-) @

where C, is the metal content in the research sample, B, is the
background value of the metal in question, and 1.5 is the
background matrix correction factor that causes lithogenic
influence. Authors in [13] showed that Iy, is divided into
classes: first (Ig, < 0, Class 0) for uncontaminated categories,
second (g, 0-1, Class 1) for uncontaminated to moderately
contaminated categories, third (e, 1 - 2, Class 2) for
moderately contaminated categories, fourth (I, 2-3 Class 3)
for moderate to highly contaminated categories, fifth (I 34,
Class 4) for highly to very highly contaminated categories, and
sixth (lgeo 4-5, Class 5) for very highly contaminated
categories.

II. RESULTS AND DISCUSSION

Table I presents the findings of the measurements of yir,
ur, and yrp. The yrr value ranges from (0.23 - 42.60) x 10-6
m?/kg, with an average value of 7.27 x 10-6 m3/kg. The yrp
value ranges from 0.28 to 4.16, with an average value of 1.29.
The findings from these analyses suggest the presence of
variations in the values at each sampling point. As indicated by
the data presented in Table I, point 3D exhibited the highest
susceptibility value, which increased significantly when
compared to points 3C and 3E. The value of yp underwent a
substantial alteration at point 3D in comparison to points 3C
and 3E. The elevated standard deviation observed in the
magnetic susceptibility measurements signifies substantial
variability within the examined domain. Table I also displays
the average value of yrp (%), ranging from 0.28% to 4.16%,
with an average value of 1.29%. Metal concentrations indicated
the presence of titanium (Ti), vanadium (V), chromium (Cr),
manganese (Mn), iron (Fe), nickel (Ni), copper (Cu), and zinc
(Zn) in each soil sample. The specimen with the highest Fe
content is displayed in three dimensions. As presented in
sample 3B, the highest values for titanium (Ti) and vanadium
(V) metals are evident. Sample 1E exhibits the greatest quantity
of chromium, manganese, and copper. Other samples with the
highest content are 1A (Ni), and 3C (Zn). This underscores the
intricate nature of metal enrichment mechanisms within surface
soil. Figure 2, presents the diffractogram from the XRD
measurements for the 3D sample. The objective of XRD
analysis is to ascertain the nature of the magnetic mineral
present in the specimen. The diffractogram indicates that the
minerals present in the extraction sample are composed of
magnetite, quartz, nacrite, anorthite, sodalite, and saponite. The
mineralogical analysis of the samples revealed the presence of
magnetite, a strongly ferromagnetic mineral. Figure 3 presents
the outcomes of the SEM-EDS analysis. The findings
corroborate the results of the XRD diffractogram with respect
to minerals. These elements include Mg, Si, Fe, Al, and O.
There are six minerals made up of these elements: saponite
(Ca()A1Na()A1Mg2A25F62+()A755i3A1010(OH)2'4(H20), nacrite
(ALSi,05(OH)s), anorthite (CaALSiy0gs), sodalite
(Nag(AleSis024) Cly), and quartz (SiO,). Table II presents the
analyses of the geoaccumulation indices, indicating that Ti, V,
Mn, and Fe did not pollute any soil sample. The presence of Cu
was detected in every sample. Cr and Ni were detected in all
samples, with the exception of sample 3D. In contrast, Zn was
detected in all samples except sample 1A. Samples 1A (lyeo =
4.7) and 1B exhibited Ni concentrations that were found to be
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significantly contaminated. It was determined that sample 1E
(Igeo = 3.2) exhibited high levels of Cr pollution. Samples 1B
(Lgeo =3.1), 2A (Igeo =3.8), SA (Igeo =3.1), 5B (Igeo =3.0), 5C (Igeo
=3.7), and 6D (I, =3.5) were highly contaminated with Ni,

while samples 1E (Ig, = 3.3) and 5E (Z,, = 3.1) were highly
contaminated with Cu. Samples 2B (Ig, =3.4) and 3B (Igo
=3.8) exhibited elevated levels of Zn contamination.

TABLE L. METAL CONCENTRATIONS AND MAGNETIC SUSCEPTIBILITY MEASUREMENT DATA IN THE TOPSOIL SAMPLES

. Metal concentration (mg/kg) x103 JLF | JHF XFD

Sample/site Ti v Cr Mn Fe e Ni Cu Zn (x 10° m¥ kg) (%)

1A 0.61 0.05 0.86 0.73 46.80 2.66 0.22 0.14 947 9.44 0.28

1B 0.79 0.06 0.70 0.58 40.40 0.87 0.26 0.23 10.20 10.10 0.55

1C 1.17 0.08 0.84 0.53 29.60 0.75 0.17 0.28 6.09 6.05 0.68

1D 2.57 0.15 0.31 0.30 35.10 0.20 0.19 0.25 1.17 1.16 0.76

1E 0.88 0.04 1.27 0.88 44.10 0.67 0.65 242 4.67 4.64 0.71

2A 0.57 0.04 0.67 0.51 40.80 1.42 0.20 0.45 11.1 11.0 0.57

2B 0.94 0.07 0.76 0.52 40.30 0.97 0.22 1.49 6.69 6.64 0.66

2C 0.74 0.04 0.94 0.55 32.10 0.92 0.17 0.15 6.94 6.91 0.31

2D 1.61 0.07 0.97 0.49 25.00 0.73 0.18 0.73 7.31 7.22 1.34

2E 2.53 0.16 043 0.30 33.30 0.37 0.20 0.28 1.03 1.02 1.08

3A 2.44 0.11 0.52 0.58 35.10 0.27 0.46 2.39 8.89 8.61 3.14

3B 6.11 0.17 0.24 0.47 23.40 0.12 0.48 1.96 10.70 10.30 3.15

3C 1.20 0.06 0.28 0.32 32.80 0.23 0.21 343 9.79 9.63 1.55

3D 1.10 0.06 0.11 0.59 55.50 0.05 0.13 0.21 42.60 40.80 4.16

3E 0.94 0.13 0.84 0.40 33.90 0.74 0.17 0.15 8.21 8.16 0.59

4A 2.71 0.04 0.56 0.28 23.90 0.35 0.18 0.17 2.74 2.67 2.58

4B 0.89 0.04 0.63 0.37 33.50 0.76 0.19 0.33 8.12 8.07 0.56

4C 0.90 0.04 0.63 0.34 26.20 0.54 0.16 0.16 5.71 5.68 0.55

4D 1.30 0.06 0.68 0.48 40.30 0.78 0.23 0.51 7.38 7.30 1.05

4E 1.03 0.04 0.56 0.37 28.90 0.58 0.18 0.26 6.03 5.99 0.70

5A 1.06 0.09 0.68 0.47 41.40 0.89 0.21 0.15 544 5.38 1.08

5B 1.11 0.08 0.92 0.39 35.20 0.84 0.19 0.20 6.00 5.97 0.62

5C 1.94 0.06 0.57 0.36 34.70 1.32 0.17 0.17 6.67 6.64 0.48

5D 2.21 0.09 0.35 0.23 31.10 0.29 0.15 0.09 1.51 1.49 1.54

S5E 2.04 0.05 0.55 0.36 29.00 0.33 0.58 0.94 7.66 7.53 1.71

6A 3.21 0.12 0.18 0.26 25.40 0.11 0.14 0.05 0.23 0.22 3.92

6B 2.38 0.08 0.40 0.21 31.40 0.23 0.17 0.17 1.25 1.24 0.76

6C 2.03 0.11 048 0.40 37.70 0.39 0.23 0.31 3.66 3.60 1.69

6D 0.97 0.07 0.66 0.45 44.22 1.17 0.18 0.18 6.01 5.96 0.85

6E 2.11 0.08 0.49 0.37 32.70 041 0.19 0.35 4.96 4.92 0.92

Min 0.57 0.04 0.11 0.21 23.40 0.05 0.13 0.05 0.23 0.23 0.28

Max 6.11 0.17 1.27 0.88 55.50 2.66 0.65 3.43 42.60 40.80 4.16

Average 1.67 0.08 0.60 0.44 34.79 0.67 0.23 0.62 7.27 7.15 1.29

Std. Dev. 1.11 0.04 0.26 0.15 7.37 0.52 0.13 0.85 7.32 7.02 1.06

Earth crust [14] 4.60 0.13 0.09 0.85 47.20 0.07 0.05 0.10 - - -
8.00+004 The y:r value from the research area is higher than values
from other industrial areas, including those from Shanghai,
7 6.0e+004 China [15], Jos Metropolis, Nigeria [16], and lower than values
_g 4 0s004 from Ilorin, Nigeria [17]. The Yangtze River's sedimentation
i I wﬂwwwmh produces an alluvium formation, as evidenced by the rock
2.00+004 formations observed in other regions [11]. However, the
research area in question is characterized by the presence of
0064000 . . . . . .

| Magnetite alluvial deposits, which comprise the soil derived from the
. . ! =t \,m‘,_'m, surrounding region. This area is distinguished by the presence
(T —— — - " e of bedrock, including granite, metamorphic rock, ophiolite, and
1 | - i . i = /"?i sediment [12]. A study of the river sediments from the research
| | T T _ Anorthite, syn | area revealed that the y.r values range from (13191 to
| Sodalite group 1403.64) x 107* m’kg) [14], which are not significantly
' ' : different from the values obtained in this research area. The
5 5 2 ps = agricultural soils within the research area exhibit y;r values
21heta (deg) ranging from (1.10 to 136.50) x 10~® m%kg) [18]. The high y.r
Fig.2.  XRD diffractogram for surface soil sample from point 3E. value at the study site indicates that a combination of naturally

formed and human-made magnetic materials likely contribute
to the magnetic quality. Authors in [19] used the yrp value to
identify the presence of SP particles. The ymp value on the
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surface soil of the research area ranges between 0.28% and
4.16%, indicating that the sediment contains a mixture of
coarse non-SP grains and fine SP grains. The soil samples were
subjected to XRD analysis, which revealed that the magnetite
(Fes04) peaks exhibited the most significant characteristics.

Fe

200 ©
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Fig. 3. The shape and size of the sample's magnetic mineral grains: (a) 3D
and (b) 3E.
TABLE IL METAL GEOACCUMULATION INDEXES
. Geoaccumulation index
Site

Ti \ Cr Mn Fe Ni Cu Zn
1A 35 -1.9 2.7 -0.8 -0.6 4.7 1.7 | -0.1
1B 3.1 ] -1.6 24 -1.1 -0.8 3.1 1.9 0.7
1C 26| -1.3 2.6 -1.3 -1.3 2.9 1.3 1.0
1D -14 | -04 1.2 -2.1 -1.0 1.0 1.5 0.8
1E 29| -23 3.2 -0.5 -0.7 2.7 33 4.1
2A 3.6 | -2.3 2.3 -1.3 -0.8 3.8 1.6 1.7
2B 29| -1.6 2.5 -1.3 -0.8 33 1.7 34
2C 32| 23 2.8 -1.2 -1.1 3.2 1.3 0.1
2D 21| -1.5 2.8 -1.4 -1.5 2.8 14 24
2E -14 ] -0.3 1.7 -2.1 -1.1 1.9 1.6 1.0

6E -1.7 | -1.3 1.9 -1.8 -1.1 2.0 1.5 1.3
Min 32| 22 -1.2 -0.2 0.8 1.8 2.8 3.8
Max 02| -02 3.2 -0.5 -0.3 4.7 3.3 4.6
Average | -2.3 | -1.5 2.0 -1.6 -1.0 2.3 1.7 1.2
Std. Dev.| 0.8 0.6 0.8 0.5 0.3 1.2 0.6 1.5

These data suggest that magnetite minerals comprise the
majority of surface soil samples at this location. The SEM-EDS
results indicate the presence of magnetite crystals in the

sample, exhibiting a specific morphology. The formation of
these minerals occurs as a result of the erosion of magnesium
(Mg)-rich rocks by basic or ultrabasic acids, or through the
interaction of fluids and igneous materials in a hydrothermal
environment [20]. Sodalite minerals are formed by the
weathering of igneous rock [21]. The spherical magnetite
mineral grains indicate anthropogenic processes, according to
prior investigations [22]. Table II presents the descriptive
statistics for the eight elements of this study, including
minimum, mean, maximum, and standard deviation, providing
reference values for the metals under study, which are the
earth's crust average [13]. The research area exhibits an average
metal content that exceeds the earth's crust: Cr, Ni, Cu, and Zn.
A comparison of the sample's data with existing industrial soil
assessment standards reveals that the sample exhibits elevated
levels of heavy metals, including Fe, Cr, Ni, Cu, and Zn [23,
24]. The analysis of geospatial data has revealed the presence
of contamination in nearly all of the samples examined.
Research suggests that the combustion of industrial coal results
in the enrichment of soil metals, including chromium (Cr),
copper (Cu), and nickel (Ni) [25]. Additionally, the
transportation industry facilitates the deposition and enrichment
of Zn in soil. Authors in [26] found that automobile tires
significantly increased Zn accumulation in urban surface soils.
Authors in [27] explained, that their machine learning model
shows that motor vehicle exhaust particles alter air quality
depending on temperature, humidity, and wind speed. The
analysis of the I, > 1, indicates the influence of human
activities, with the majority of the samples collected at the
research location exhibiting Iy, > 1 values for Cr, Ni, Cu, and
Zn. Authors in [28, 29] found that the average g, values for
Cr, Ni, Cu, and Zn were lower in Aurangabad (India) and
Bengaluru (India). Authors in [30] showed that the
contamination of groundwater can be attributed not only to soil,
but also to industrial activities. Table III presents the
correlation coefficients between heavy metals in surface soil at
the site. The presence of notable relationships signifies the
existence of analogous underlying factors responsible for their
genesis and deposition. The elements Zn, Cr, Mn, and Cu show
a high correlation, suggesting that soil contamination in this
area may be attributable to motor vehicle emissions and
industrial activities. Furthermore, Table III demonstrates a
substantial correlation between magnetic parameters (yrr, yur,
and yrp (%)) and elements such as Fe, Ti, Cr. Authors in [4]
also reported a positive and significant correlation between yir
and Fe in soil samples from industrial areas. Furthermore,
authors in [15] discovered a strong and positive correlation
between y.r and Fe, as well as Mn in soil samples collected
from industrial areas in Shanghai, China. According to [11],
xrp (%) is indicative of the potential presence of SP mineral
fractions. Authors in [31] showed that a low yrp percentage
value indicates that minimal magnetic material from the soil
contributes to the development of susceptibility in the soil in
this research area. The study's findings indicate that the usage
of yir, yur, and yrp (%) allows for the estimation of the Fe
content, as well as Ti, Cr, and Ni content in soil within the
specified research domain. In the research area, yir, yur, and
xrp (%) are indicators of heavy metal contamination (Fe, Ti,
Cr, and Ni) in the soil from anthropogenic sources. This
relationship indicates that ferrimagnetic minerals are the
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primary factors determining soil's magnetic susceptibility [18].
A strong correlation has been identified between yrp (%) and
Cr, caused by the addition of Cr to the lattice structure of
ferrimagnetic minerals during their formation and release
process, or by the uptake of Cr by ferrimagnetic minerals in the
environment [9]. This finding indicates that anthropogenic
pollution is the primary contributing factor to the observed
changes in yr within topsoil.

TABLE IIL PEARSON RELATIONSHIP BETWEEN MAGNETIC
CHARACTERISTICS Xy r, Xur, AND Xgp (%) AND HEAVY
METALS OF SOIL IN RESEARCH LOCATION

Ti|V| Cr | Mn Fe Ni | Cu | Zn | yir | yur | xrp
Ti | 1]0.7[/-06]-04] -05 |-05]03]02]-02]-02]-0.6
\% 1/-04]-02| 02 [-04]00]00]|-02]-02]03
Cr 1 0.6 0.1 06 102]00]-02]-02]-0.6
Mn 1 0.6 05105103 0.4 04 | -0.1
Fe 1 04]100]00] 0.6 0.6 | -0.1
Ni 1 [-0.1]1-02] 0.0 0.0 |-0.6
Cu 1 0.6 | 0.0 00 | 0.2
Zn 1 0.1 0.1 |02
XLF 1 1 0.4
Yur 1 |04
XFD 1

This study offers a comparative analysis with earlier
regional studies, particularly regarding the influence of
lithology and mineralogy from areas external to the study area.
The most compelling discovery is that the magnetic properties
of the soil in the study area are affected by both the inherent
characteristics of the site and the surrounding materials. Given
the nature of the research site, which is a marsh containing
materials from outside the area, the parent material's lithology
and mineralogy are significant factors. Most studies in this field
tend to concentrate on contaminants and geological elements
within the specified area. The present study also identified a
strong correlation between magnetic characteristics and Fe and
Mn concentrations, suggesting that early surveillance in
analogous locations could be more precise and effective.
Magnetic characteristics have been linked to heavy metal
pollution; however, this work demonstrates a more precise
relationship with Fe and Mn, which could assist researchers in
developing more customized monitoring systems. Research in
other industrial areas reveals elevated magnetic values in areas
contaminated by industrial and traffic pollutants. This research
corroborates extant theories and introduces a novel dimension
by demonstrating how the geological context and sources of
material outside the study site can substantially influence
geophysical readings.

IV. CONCLUSIONS

The present study uses surface soil samples extracted from
industrial areas in South Kalimantan, Indonesia, to examine the
relationship between the concentrations of specific heavy
metals and magnetic properties. The study site exhibited
elevated concentrations of heavy metals and magnetic
susceptibility values that exceeded established thresholds, as
evidenced by comprehensive magnetic property measurements
and geochemical tests. In this study, the yir, yur, and yrp (%) of
the tested soil exhibited significant correlations with Fe and Mn
contents. Concurrently, five of the heavy metals under analysis

in the study area showed concentrations that exceeded the
established threshold, as indicated by the Pollution Load Index
(PLI), which exhibited moderate to very high levels of
pollution. A finding of the study is the observation that the
lithology and mineralogy of the parent material in the study
area exert minimal influence on the yir, yur, and yrp (%) values
in the soil. However, the lithology and minerals of the parent
material from the surrounding area are found to be highly
significant in this regard. This significance arises from the fact
that the study area is characterized by a swampy environment,
with soil material originating from the surrounding area. The
enrichment of yir, yur, and yrp (%) values and heavy metal
content are also suspected to originate from industrial activities
and vehicle traffic, both land and river. The study's findings
suggest that magnetic parameters (y.r, yur, and yrp (%)) can be
used to predict the presence of heavy metals Fe and Mn at the
research site and in analogous locations.
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