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Environmental conditions in aquatic ecosystems could change due to
the entry of additional materials, such as heavy metals and magnetic
minerals. These materials, referred to as anthropogenic materials,
could be derived from human activities. The presence of the materials
could affect the magnetic properties and heavy metals content of river
water and sediments. We have analyzed magnetic susceptibility and
heavy metal concentration in sediments collected from Cisanti Lake.
Cisanti Lake is known as “zero kilometers” of the Citarum River.
Using the level of heavy metals in sediments, we calculated and
evaluated pollution indices in the form of Contamination Factor (CF),
Geoaccumulation Index (Igeo), and Pollution Load Index (PLI). The
results showed that the magnetic susceptibility of sediments (y.r) was
in the range of 317.2 - 2274.9 (x 10-8) m3kg, inferring the dominance
of ferrimagnetic minerals in sediments. Based on bivariate analysis of
Jerand the calculated frequency-dependent magnetic susceptibility or
xrp (%), domain states of magnetic minerals are clustered at stable
single domain (SSD)/multidomain (MD). Pollution indices of CF and
Igeo showed that all sample points were contaminated by Cu at a
considerable level. Moderate to significant contamination occurred in
the studied area according to the PLI analysis. The positive strong
correlation between yzrand PLI suggests that magnetic susceptibility
serves as a proxy indicator of contamination.

Copyright (c) 2025 by Author(s). This work is licensed under a Creative
BY SA

Commons Attribution-ShareAlike 4.0 International License.

Introduction

Aquatic ecosystems, such as seas, lakes, and rivers, perform many important environmental
functions. As one of the freshwater ecosystems, river systems have significant roles, including
providing aquatic habitats for flora and fauna, a water supply for domestic, agricultural, and
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industrial activities, as well as regulating the hydrological cycle and providing signals of
environmental changes. Domestic, agricultural, and industrial activities, known as
anthropogenic activities, near river systems could negatively impact the quality of the
environment. These activities could cause environmental problems since the activities produce
pollutants that can alter the quality of water and sediments in the river systems.

The river upstream is an essential component for the sustainability of the entire river system.
The upstream environmental quality is very closely related to the quality of river systems.
Therefore, it is necessary to observe the environmental quality of the river upstream.
Observing the environmental quality of the river upstream could be carried out by identifying
the properties of sediments collected from upstream. Sediments could provide valuable
information about environmental conditions, including the presence and effects of
anthropogenic contaminants, since sediments represent natural collectors of pollutants.

Anthropogenic activities can produce several materials, including magnetic minerals and
heavy metals. The presence of heavy metals has a harmful effect on human health and the
environment [1]. Consequently, analysis of magnetic properties and heavy metal
concentration in river sediments provides valuable information for assessing the quality of the
river systems and identifying potential sources of pollution. The growing understanding of
the negative impacts of pollution on human health and ecosystems, including river systems,
has motivated the development of research on pollution due to anthropogenic sources. Many
studies have demonstrated that magnetic properties and heavy metal content are closely
related to river pollution. The study of [2] on river sediments in China investigates both
magnetic susceptibility and heavy metal contamination. The magnetic properties of surface
sediments were also studied in [3], and their environmental significance was analyzed.
Magnetic analysis of river sediments has also been performed in several rivers in Indonesia,
such as Bengawan Solo [4], Cikijing River [5], Brantas River, East Java [6], and Citarum River
[7]. Numerous studies were also performed on sediments in lakes as other aquatic ecosystems,
such as in Wulungu Lake [8] and Maninjau Lake [9].

This study focuses on assessing the environmental quality of the upstream section of the
Citarum River, specifically Cisanti Lake, which serves as the river’s “zero kilometer” point in
West Java, Indonesia. As the longest and most economically significant river in the region, the
Citarum supports agricultural, industrial, and domestic activities. Previous research has
examined the water quality of Cisanti Lake, including mapping parameters such as pH, EC,
and TDS [10], as well as evaluating biological indicators [11]. Sediment characteristics have
also been investigated in other parts of the Citarum River, particularly in the midstream and
downstream areas [5, 7, 12]. However, a comprehensive assessment of sediment quality at
Cisanti Lake using an integrated approach remains limited. This study addressed the research
gap by combining magnetic susceptibility measurements of sediments with chemical analyses
of heavy metal concentrations. To strengthen the environmental evaluation, pollution indices
such as the Contamination Factor (CF), Geoaccumulation Index (Igeo), and Pollution Load
Index (PLI) were also applied. These pollution indices are effective tools for evaluating the
degree of contamination [13]. Many studies use pollution indices of CF, Igeo, and PLI [14-16]
for assessing environmental conditions. The integrated use of magnetic and chemical
parameters at Cisanti Lake represents a novel approach for this upstream region and offers a
more comprehensive evaluation of sediment quality in the river upstream.
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Experimental Method

Cisanti Lake is located in Tarumajaya Village, West Java (7°12'33"S and 107°39'28"E). As a
volcanic crater lake, the Cisanti Lake area may consist of various volcanic rocks and
formations. The primary sources of water for Cisanti Lake come from seven different springs.
Cisanti Lake serves as the upstream and the source of the Citarum River. Citarum River stands
as the longest and largest river in West Java, Indonesia. In Java, the Citarum River is the third
longest river, after the Bengawan Solo and the Brantas River. As an upstream, Cisanti Lake
plays a significant role in maintaining the water quality of the Citarum River. As an upstream,
Cisanti Lake also serves as a water supply for domestic use, industry, and agriculture.

Sediment samples were collected from various natural groundwater sources, as well as from
the inlet and outlet of Cisanti Lake. Each sampling point is labeled as S1 to S9, where the
specific location of the research area is shown in Figure 1. Sediment samples were collected
from the top layer using a grab sampler. The samples were placed into clean polyethylene
bags, sealed, and transported to the laboratory for further analysis. In the laboratory, the
collected samples (illustrated in Figure 2a) were cleaned of macroscopic impurities and
allowed to dry at room temperature (Figure 2b). All samples were prepared in 10 cm3
cylindrical holders for magnetic susceptibility assessment, which was conducted using the
Bartington Magnetic Susceptibility System (MS2) with a type B sensor. The measurements
were performed at dual frequencies of low (470 Hz) and high frequency (4700 Hz) to obtain
volume-specific magnetic susceptibility of kir and xur, respectively. The correlation between
volume-specific magnetic susceptibility and mass-specific magnetic susceptibility at two
frequencies (yLr and yur) can be derived from the formula

=X
xX=7 @)
The p represents the mass of the samples divided by their volume. The relative difference
between yirand yur, expressed as a percentage, results in a parameter known as frequency-
dependent magnetic susceptibility or yrp (%) [17]. This can be calculated by the following
equation

Xrp (%) = 100% X Urr—xur) o

XLF

Frequency-dependent magnetic susceptibility implies the existence of ultrafine
superparamagnetic (SP) grains [17, 18].
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Figure 1. Area under investigation, denoted by the red box. Sediments were collected from a
number of sampling points.

Figure 2. (a). The collected sediment samples from the studied area, and (b). sediment samples
after cleaning up and drying at room temperature.

Several selected samples were analyzed chemically to determine the concentration of eight
elements: arsenic (As), cadmium (Cd), copper (Cu), chromium (Cr), iron (Fe), nickel (Ni), lead
(Pb), and zinc (Zn). The selection of elements is based on their environmental significance and
potential toxicity. These metals are commonly used as indicators of anthropogenic pollution,
particularly in aquatic environments impacted by domestic, agricultural, and industrial
activities. The analysis was performed using Inductively Coupled Plasma Optical Emission
Spectroscopy (ICP-OES). The concentrations of these elements were used to assess pollution
level by calculating various pollution indices, including Contamination Factor (CF),
geoaccumulation index (Igeo), and Pollution Load Index (PLI). These indices were computed
by comparing the concentration of each element to the baseline value. In this research, the
baseline value for each element in sediments was set as the lowest concentration observed. The
lowest value is assumed to represent the local natural background under minimal
anthropogenic influence. The indices of Igeo and CF are applied to determine the
contamination level of individual elements in the sediments. The geoaccumulation index,
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introduced by [19], is specifically designed to assess pollution levels caused by heavy metals.
According to [19], the Igeo values can be classified into seven categories, ranging from
unpolluted (Igeo <0), to very strongly polluted (Igeo = 5). A complete classification is provided
in Table 1. The CF index can be calculated using the formula provided in [20]. There are four
categories of CF, which are defined in Table 2.

Table 1. Classification of Igeo referring to [19].

Classification Description
Igeo <0 Uncontaminated
0<Igeo<1 Uncontaminated to moderately contaminated
1<Igeo<2 Moderately contaminated
2<Igeo <3 Moderately to strongly contaminated
3<Igeo <4 Strongly contaminated
4<Igeo<5 Strongly contaminated to very strongly
contaminated
Igeo 25 Very strongly contaminated

Table 2. Classification of CF referring to [20].

Classification Description
CF<1 Low-level contamination
0<CF<3 Moderately contamination
3<CF<6 Considerable contamination

CE=6 Very high contamination

The index of PLI is suitable for assessing contamination within different sites. The PLI is
suitable for assessing overall contamination across different sites, as it provides a cumulative
measure of pollution. The PLI involves CF in the calculation. The index of PLI was first
proposed by [21]. In a study carried out by [22], PLI was performed in four groups, as shown
in Table 3. The values of PLI between 0 and 1 indicate absence of contamination, moderate
contamination for PLI between 1 and 2, significant contamination for PLI between 2 and 3, and
PLI values higher than 3 indicate strong contamination.

Table 3. Classification of PLI based on [22].

Classification Description
CF<1 Low-level contamination
0<CF<3 Moderately contamination
3<CF<6 Considerable contamination

CF>6 Very high contamination
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Result and Discussion

The collected sediments from Cisanti Lake have yir ranging from 317.2 - 2274.9 (x 10-8) m3kg-!
with a mean value of 1291.9 x 10 m3kg-1. The yir of sediments from Cisanti Lake is higher
compared with other studies, such as those reported in [7] for river sediments from the
Citarum River. Sediments from Cisanti Lake also show higher y1r with significant differences
than sediments originating from Cikijing River, as studied by [5]. The higher magnetic
susceptibility of the sediments from Cisanti Lake is probably due to their volcanic rock
composition. Generally, the magnetic susceptibility of a material relates to the content of
magnetic minerals, especially ferrimagnetic minerals [23] within the material. Domination of
ferrimagnetic minerals is found in samples that have yir higher than 10 x 108 m3kg [17]. In
accordance with the standard, all samples in this research are dominated by ferrimagnetic
minerals since the y1>10 x 10 m3kg1.

The studied sediments have varying ygp (%) from 0.7% to 2.7% with an average of 1.8 %. The
low values of ygp (%) indicate that grains of SP do not significantly contribute to the magnetic
component. According to [17], the scattergram of bivariate yre-xrp (%) could be used to
determine the domain state of magnetic minerals. As shown in Figure 3, the majority of data
points cluster around stable single domain (SSD)/multi domain (MD). Referring to [24], which
expressed the LF and FD (%) scattergrams in another form, the same results were obtained as
the scattergram in [17], which showed that magnetic minerals have an SSD/MD state (Figure
4).
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Figure 3. Scattergram of yir-Yrpp (%) shows the data points cluster at stable single domain
(SSD)/multi domain (MD).
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Figure 4. Scattergram of yLr and ygp (%) referring to [20] suggests the domain state of magnetic
minerals.

Table 4 presents chemical results obtained for some selected samples (sampling points S1, S2,
S3, and S4). Sediment sample from sampling point S3 has a lower content of metals among
other sites, except for the concentration of Ni. This could be due to the S3 sampling point serves
as the main hydrological input. Therefore, the concentrations of metals from S3 are used as
baseline values for the calculation of pollution indices. Chemical results indicate that each
element shows a different degree of accumulation. Fe has the highest level among others. The
mean concentration of metals in the sediments can be arranged in the following order: Fe > Zn
>Cu>Pb>Cr>Ni>As>Cd.

Table 4. Statistics of metal content according to chemical measurements for selected

samples (in mg/kg).

Sample As Cd Cr Cu Fe Ni Pb Zn
S1 39.26 5.53 70.82 197.29 15,411.34  51.67 74.61 29449
S2 33.33 9.94 86.60 262.11 21,989.92  63.79  256.08 290.02
S3 22.84 4.45 4421 55.93 9,61547  56.26 48.97  169.36
S4 60.31 7.23 76.78 244.39 16,251.19  60.31 76.09 29458

mean 38.93 6.79 69.60 189.93 15,816.98 58.01  113.94 26211

Pearson's correlation coefficient was computed to evaluate the statistical correlation among
metals, as listed in Table 5. The Pearson correlation analysis revealed that Cd, Cr, and Cu have
a strong correlation (> 0.80) with each other. The element of Fe shows a notable correlation
with Cd, Cr, Cu, and Zn, except for As and Ni. Element of As demonstrated strong positive
correlations with Cr, Cu, and Zn, moderate positive correlation with Fe, and weak positive
correlation with Cd. Meanwhile, As and Pb show a weak negative correlation.

According to the metal levels in each sampling point and baseline values of S3, several CF can
be derived for different metals at each sampling point, as presented in Table 6. Based on the
classification of CF values, low contamination only occurs in sampling point S1 by the element
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Ni. Meanwhile, sampling points S2 and S4 were contaminated by Ni at moderate degree. The
CF values suggest that all sediments from all sampling points are contaminated by As, Cd, Cr,
Fe, Pb (except S2), and Zn at a moderate level. Considerable contaminations are observed in
all samples by the element of Cu and point S2 by Pb.

Table 5. Pearson correlation coefficient of all elements

As Cd Cr Cu Fe Ni Pb
Cd 0.25
Cr 0.54 0.88
Cu 0.66 0.83 0.99

Fe 0.31 0.95 0.96 0.91
Ni 0.17 0.83 0.53 0.50 0.63
Pb -0.13 0.92 0.72 0.62 0.88 0.73

Zn 0.70 0.63 0.92 0.95 0.80 0.20 0.42

Table 6. Distribution of Contamination Factor at different sampling points.

Elements S1 S2 S4
As 1,72 1,46 2,64
Cd 1,24 2,23 1,62
Cr 1,60 1,96 1,74
Cu 3,53 4,69 4,37
Fe 1,60 2,29 1,69
Ni 0,92 1,13 1,07
Pb 1,52 5,23 1,55
7n 1,74 1,71 1,74

The calculated values of Igeo are summarized in Table 7. Following contamination criteria as
listed in Table 1, in general, sediments from Cisanti Lake are classified as unpolluted to
moderately polluted by As, Cd, Cr, Fe, Ni, Pb (except in S2), and Zn. At all sampling points,
the Igeo values for these metals are between 0 -1. A higher degree of pollution was observed
at all sampling points by Cu and at S2 by Pb. Contamination levels based on Igeo values show
similar results to those based on CF values.

Table 7. Statistics of Igeo values for sediment samples at different sampling points.

Elements S1 S2 S4
As 0,20 -0,04 0,82
Cd -0,27 0,57 0,11
Cr 0,09 0,39 0,21
Cu 1,23 1,64 1,54
Fe 0,10 0,61 0,17
Ni -0,71 -0,40 -0,48
Pb 0,02 1,80 0,05
Zn 0,21 0,19 0,21
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The index of PLI involves the calculation of all elements contained in sediments. The
distribution of PLI in sampling points varies from moderate to significant contamination.
Sediments from Cisanti Lake at sampling points S1 and S4 have PLI values of 1.62 and 1.88,
respectively. It infers that moderate contamination occurred at points S1 and S4. Meanwhile,
at sampling point S2, the PLI value is 2.27, which suggests significant contamination at that
point. We also analyzed the correlation of magnetic parameters (x;r) and PLI. The result shows

that y;r and PLI have a strong positive correlation (R2=0.78 or r=0.88), as shown in Figure 5. A

moderate to strong correlation between xir and PLI infers that magnetic susceptibility can be
used as a proxy indicator of contamination. It also suggests that there is a close relationship
between magnetic susceptibility and heavy metals.
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Figure 5. The yr and PLI shows strong positive correlation.

Conclusion

Based on magnetic susceptibility values, it reveals that sediments from Cisanti Lake are
predominantly composed of ferrimagnetic minerals. Bivariate analysis of yir and xep (%)
values infers that magnetic mineral is clustered at the stable single domain (SSD)/multi
domain (MD). Pollution indices of CF and Igeo show similar results. Considerable
contaminations are identified in all sampling points by Cu and in sampling point S2 by Pb.
Based on the PLI values, it is suggested that contamination occurred in the studied area to a
moderate to significant degree. Magnetic signal (in the form of y;5) and index of PLI show a
strong positive correlation that infers magnetic susceptibility values are useful as a proxy
indicator of contamination.
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