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Abstract

Lake Ciburuy area is highly impacted by a wide range of human activities, including residential areas, rice fields, animal
husbandry, plantations, dense vehicular traffic, and various industries, leading to the accumulation of pollutants. Par-
ticulates generated by the anthropogenic activities will be carried away and settle with the eroded soil to become sedi-
ment in the lake. This could cause serious problems in the aquatic environment if there is no monitoring study. There-
fore, this study aimed to identify the anthropogenic material produced by human activities using physical and chemical
properties analyses and pollution index calculations. The analysis of physical properties showed that Electrical Conduc-
tivity (EC), Total Dissolved Solid (TDS), and magnetic susceptibility were within the range of 30 - 790 uS/cm, 29 - 555
mg/L, 7.310 - 3431.956 x10® m3/kg, respectively. The X-ray diffraction (XRD) and the hysteresis parameter indicated that
the samples contain ferrimagnetic materials, particularly magnetite with a mixture of Pseudo-Single Domain (PSD) and
Multi-Domain (MD). The Scanning Electron Microscope (SEM) and Energy Dispersive Spectroscopy (EDS) identified
the morphology of the magnetic mineral with different shapes, such as octahedral and spherule. Furthermore, the spher-
ule shape indicated the presence of anthropogenic materials in the sample. In terms of chemical properties, this study
measured the pH and Potential Toxic Elements (PTEs) in the sediments. The pH ranged from 7.2-8.9, while the PTEs
showed moderate to very severe levels of contamination by Mn, Pb, Zn, Cd, and Cu, which exceeded the sediment qual-
ity standard. The PCA reveals the interconnection between physical and chemical properties, which can identify pollut-
ants derived from anthropogenic materials, as well as indicate low, medium, and high levels of pollution in the lake area.
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1. Introduction

Lake Ciburuy is situated in Pamalayan Village, Ba-
yongbong District, Padalarang, West Bandung Regency.
Despite its proximity to bustling roads, residential areas,
rice fields, and Citatah limestone mountain, it remains a
vital ecosystem. Furthermore, the surrounding limestone
area is used by private industries for cement and marble
extraction. A large amount of human activity from resi-
dential areas, roads, rice fields, and industry can lead to
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the accumulation of anthropogenic material, leading to
sedimentation in Lake Ciburuy.

The presence of anthropogenic materials in sediments
can be identified by assessing the physical and chemical
properties, such as the measurements of Electrical Con-
ductivity (EC), Total Dissolved Solid (TDS), and mag-
netic parameters. Several studies used EC and TDS to
determine sediment quality, including in the Ghorveh
District, Iran (Ayoubi et al., 2018) and Lake Nkozoa,
Cameroon (Désirée et al., 2021).

The analysis of magnetic parameters, including sus-
ceptibility, hysteresis, mineralogy, and morphology is
often carried out using rock magnetic methods. These
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methods have been extensively used in studies investi-
gating pollution derived from anthropogenic materials
in sediment. Furthermore, they are considered to be rap-
id and environmentally friendly, making them a pre-
ferred non-destructive technique (Evans and Heller,
2003). The principle of these methods is that the mag-
netic properties of samples are caused by the character-
istics of the constituent mineral grains, such as abun-
dance, shape, and size (Dearing, 1999). The abundance
of magnetic minerals in sediment is usually used as a
proxy indicator of the presence of anthropogenic materi-
als. This approach has been used in various studies car-
ried out in Lake Wuhan, China (Yang et al., 2009), Cit-
arum River (Sudarningsih et al., 2017), and Brantas
River, Indonesia (Mariyanto et al., 2019). Several stud-
ies also utilized X-Ray Diffractometry (XRD) and hys-
teresis curves to identify the mineralogy and magnetic
domain of sediment samples (Tamuntuan et al., 2015;
Yunginger et al., 2018; Kirana et al., 2021). The mor-
phology of magnetic minerals is often identified using
SEM—-EDS measurements. The SEM images of the sam-
ple affected by anthropogenic materials typically exhibit
a unique feature, namely a spherule shape. Such images
have also been observed in sediments from Lake South
Sulawesi, Lake Maar (Tamuntuan et al., 2010), Meza
River, Slovenia (Miller and Gosar, 2015), and Cikijing
River (Fitriani et al., 2021).

The assessment of magnetic minerals is closely relat-
ed to the abundance of Potential Toxic Elements (PTEs).
Several studies highlighted the correlation between
magnetic parameters and PTEs, thereby aiding the iden-
tification of anthropogenic material. This correlation has
also been found in various locations, including in urban
areas in Manchester, United Kingdom (Robertson et
al., 2003), Lake Anonima, Antarctica (Chaparro et al.,
2017), and Citarum River, Indonesia (Sudarningsih et
al., 2017). Furthermore, the calculation of the pollution
index can be used to determine the pollution level in a
sediment sample based on the abundance of PTEs, which
serve as indicators of contamination. Indices, such as
I .., EF, CF, and PLI have been employed in studies in
Lake Nasser, Africa (Goher et al., 2014), and Ganga
River, India (Pandey et al., 2015). These areas were cat-
egorized as moderate, severe, and highly polluted re-
gions based on PTEs concentrations, namely Cd and Pb
derived from anthropogenic materials, such as industri-
al, agricultural, and mining.

Quantitative relationships have been reported among
the physical-chemical properties of sediments. The as-
sociation between several parameters of these properties
has been extensively utilized in previous studies
(Schmidt, 2005; Spiteri et al., 2005; Yunginger et al
2018; Hamdan et al.,, 2022). Multivariate analyses,
such as Principal Component Analysis (PCA) and
cluster analysis (CA) can be used to differentiate the
influence of physical-chemical characteristics in sam-
pling points. Furthermore, several studies reported the

use of statistical methods in identifying environ-
mental conditions in lakes (Chapparo et al., 2017,
Iswanto et al., 2020; Redwan et al., 2022), rivers (Pan-
dey et al., 2015), and city street dust (Zhang et al.,
2012).

Over the past few decades, extensive studies focused
on environmental evaluation using physical and chemi-
cal properties, specifically by examining the abundance
of magnetic minerals and their relation to chemical char-
acteristics. However, a study of physico-chemical pa-
rameters taking into account the abundance of magnetic
minerals in sediments affected by volcanic rock and
marble waste, such Lake Ciburuy has never been done
before. Previous studies in Lake Ciburuy reported a pos-
itive correlation between the dissolved iron content and
the abundance of Phytoconis sp (Supriyatna et al.,
2013). A previous report also explored the preservation
of Ciburuy Lake tourism area using the space utilization
analysis method (Nurqolbi et al., 2019). Therefore, this
study aims to examine the physical-chemical properties
and their correlation to identifying pollutants derived
from anthropogenic materials in volcanic area with in-
fluence of marble waste from limestone area. Although
the method used to identify anthropogenic derived from
pollution is commonly used by analyzing its physico-
chemical properties, the use of pollution index calcula-
tions and multivariate analysis in the artificial reservoar
influence by volcanic bedrock and carbonate from the
marble industry has not been explored in the research
area. The research will contribute as a reference for the
physico-chemical properties of sediments in areas with
similar geological characteristics.

2. Study Area

Lake Ciburuy is located in Pamalayan Village,
Bayongbong District, Padalarang, West Bandung Re-
gency, with coordinates of 107° 39* 30” LS and 7° 12’
30” BT. The geological condition of the study area is in
the area of Qob rocks are the result of old volcanoes that
are of Pleistocene age, including quaternary volcanic
formations consisting of brexit, lava, and tuff with a dep-
osition environment on land with a depth of 0 — 150 me-
ters in the Cianjur Sheet Geological Map (Sudjatmiko,
1972). The topographical conditions at the sample points
taken at Lake Ciburuy range from 700 — 710 meters
above sea level (Google Earth, 2022). The Lake Cibu-
ruy water system has an inlet and outlet. There are two
inlet lines (water entering the lake): small rivers near
residential areas that flow into the lake carrying domes-
tic waste. Then the two outlet lines (water coming out of
the lake) are irrigation lines for irrigating the rice fields
and plantations of residents.

The environmental condition of Lake Ciburuy is close
to the dense activities of roads, and the Citatah limestone
mountain area, which private companies use to carry out
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Figure 1: Map of Lake Ciburuy. The red box shading shows the location of sampling points in Lake Ciburuy

lime mining and establish industrial areas such as ce-
ment and marble factories. Moreover, Lake Ciburuy is
surrounded by residential and home industry areas.
Waste from residential areas and industrial areas is indi-
cated to enter the lake body and then deposited along
with sediments derived from its bottom rock and can
pollute the lake.

3. Material and Methods

All samples taken from Lake Ciburuy are surface
sediments. Surface sediment samples refer to sediments
at a depth of 0-15 cm at the sediment-water interface.
The sediment cores were not used in this research. Sedi-
ment samples were taken using a Ponar grab sampler
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from 33 sampling points scattered in the edge, middle,
outlet, and marble industry waste dump at Lake Ciburuy,
as shown in Figure 1. The sampling points from the inlet
are SCB-04, SCB-30, and SCB-32, while the sampling
points from the outlet are SCB—02 and SCB-28. The
sampling points of SCB-33 are located near the marble
industry waste dump, which is characterized by predom-
inantly white-coloured sediments. The samples obtained
from the region were then prepared for drying and siev-
ing processes. Sieving was carried out with a mesh size
of 10 to remove impurities, such as plant roots and plas-
tic waste while allowing sand grains with an approxi-
mate size of 2,000 mm to pass through.

3.1 Physical Properties

The measurements of EC, TDS, and pH of the sam-
ples were conducted using the Hanna Combo Meter type
HI-9813-6 pH/EC/TDS/°C Portable Meter. The EC and
TDS measurements conducted to identify the amount of
material dissolved in water and its ability to conduct the
electric current, while pH measurements were carried
out to determine the degree of acidity. The higher value
of EC, the higher value of TDS, which means that the
more dissolved substances and the more polluted. Fur-
thermore, the samples were prepared for magnetic sus-
ceptibility measurements to measure the abundance of
magnetic minerals (Yang et al., 2009; Mariyanto et al.,
2019; Kirana et al., 2021). The sediments obtained
were placed into a 10 cm® volume holder for magnetic
susceptibility measurement using the Bartington MS2B
Magnetic Susceptibility meter. This instrument meas-
ured volume-based-magnetic susceptibility with dual
frequency, namely « , for low frequency-magnetic sus-
ceptibility at 460 Hz and ;. for high frequency-magnet-
ic susceptibility at 4600 Hz. The measured parameter
was then calculated to determine the mass-based-mag-
netic susceptibility value, with y, . and y,,. for low and
high frequencies, respectively. Apart from determining
the magnetic mineral, the parameter could also be used
to identify the superparamagnetic grain in the sample
through the calculation of frequency-dependent mag-
netic susceptibility (x.,% = [(X 5 - %) Xpel < 100%).

The XRD was measured using the Rigaku X-Ray Dif-
fractometer. This measurement uses a small amount of
powder sample that produce by the preparation process.
The bulk sediment was disaggregated in a 100 ml beaker
glass and distilled water to avoid lumps on the sediment.
Then, the samples are centrifuged to remove some or-
ganic residue (Cook et al., 1975). The XRD measure-
ment helped to identify the dominant mineral contained
in the samples. Furthermore, the hysteresis parameters
were measured using the Oxford type 1.2H Vibrating
Sample Magnetometer. This measurement produced the
plot between the magnetization M (Am*kg™) and the ap-
plied field H (T). The plot provided information on some
hysteresis parameters including saturation remanent
magnetization (M, ), saturation magnetization (M), re-

manent coercivity (H_), and coercivity field (H ). The
hysteresis curve could be used to determine the mag-
netic domain by replotting the hysteresis parameters.
This involved creating a plot that related the ratio of
magnetization at remanent saturation to the magnetiza-
tion at saturation (M /M) with the ratio of the field at
remanent coercivity and the field at coercivity (H_/H ),
commonly known as Day’s plot. The scanning electron
microscope-energy dispersion spectroscopy (SEM-
EDS) was performed using the JEOL JSM-6510A. The
sample conducted the extraction process before meas-
urement by magnetic stirrer to identify the morphology
of magnetic minerals.

3.2 Chemical Properties

Inductively Coupled Plasma-Optical Emission Spec-
trometry (ICP-OES) measurements were performed to
determine the abundance of elements content using the
Inductively Coupled Plasma Agilent 725 Series 1CP-
OES. The preparation sample process for measuring ICP
analysis uses leaching and wet destructive methods with
HNO, + HCIO,. The measured elements consisted of As,
Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn. The results were
then compared with the sediment quality standards
around the world through Sediment Quality Guidelines
(SQGs). Subsequently, the value of each element con-
tent was used to calculate the pollution index, which
consisted of the Index of Geoaccumulatuion, Enrich-
ment Factor (EF), Contaminant Factor (CF), and Pollu-
tion Load Index (PLI).

3.2.1 Index Geo-accumulation (Igeo)

The calculation of the Index of Geoaccumulation
(I.,), as calculated in Equation 1, was used to measure
the enrichment of elements by comparing their abun-
dance with the background value. Furthermore, the in-
dex was calculated using the method proposed by Mul-
ler (1969). In Equation 1, C_ represented the concentra-
tion value of the element in the sample, while B, was the
concentration of background value in the soil (see world
shale elements concentration in Wedepohl, 1971). The
calculated value of I, was then divided into several
classes, with a range of I, , values < 0, unpolluted; L, =
1, unpolluted to moderately polluted; I <2, moderate-
ly polluted; I <3, moderately to hlghly polluted; [ <
4, highly polfuted L., <5, highly to very highly po Tut-
ed; and I .~ 5, very h1gh1y polluted.

I,., =log,(C, /1.5B,) (1)

3.2.2 Enrichment Factor (EF)

The calculation of EF was used to evaluate the mag-
nitude of contamination in the environment. EF was cal-
culated by considering the abundance of PTEs in sedi-
ments with reference to both element concentrations and
background values obtained from the Earth’s core

Copyright held(s) by author(s), publishing rights belongs to publisher, pp. 117-134, DOI: 10.17794/rgn.2023.4.10



121 Identification of Anthropogenic Materials in Lake Ciburuy Sediments Using Physico-Chemical Properties...

(Wedepohl, 1971). Furthermore, the commonly used
reference metals included Fe, Mn, and Al (Barbieri et
al., 2016). EF was calculated using Equation 2, where C
was the concentration of elements in the sample, C_was
the concentration of the reference element (in this case
using Fe element), B was the background value of an
element, and B was the background value of the refer-
ence element (Fe). Fe is a major component of the
Earth’s crust and stable element (Abderrahmane et al.,
2021). The EF value was classified into different classes:
EF <1, no enrichment; EF 1-3, minor enrichment; EF
3-5, moderate enrichment; EF 5-10, moderately severe
enrichment; EF 10-25, severe enrichment; EF 25-50,
very severe enrichment; and EF >50, extremely severe
enrichment (Hakanson et al., 1980).

EF = (C/C,)/(B/B) )

3.2.3 Contaminant Factor (CF) and Pollution
Load Index (PLI)

CF was calculated to estimate the level of contamina-
tion in the sediment studied compared to the background
value, as presented in Equation 3. PLI assessed the total
pollution levels and sediment toxicity in the study area
(Tomlinson et al., 1980), and its calculation is presented
in Equation 4.

CF=C/B_ 3)

PLI=(CF1 x CF2 x CF3... x CFn)'™ (4)

C,,is the measured concentration of elements and B_ is
the background value of the same type of elements. The
value of CF was classified into CF < 1 =low; CF 1-3 =
moderate; CF 3—-6 = considerable; and CF > 6 = very
high contaminant. In Equation 4, CF is the contamina-
tion of each element and the PLI value was classified
into two categories, namely PLI < 1 = unpolluted and
PLI > 1 = polluted (Tomlinson et al., 1980).

3.3 Statistical Analysis

Statistical analysis was carried out on the data of the
physical and chemical properties of sediments from
Lake Ciburuy using 11 samples related to the number of
samples measured on PTEs. Furthermore, bivariate
analysis of variables was calculated using Pearson’s
product-moment correlation. The principal component
analysis (PCA) was performed to identify the cluster of
correlations between the parameters. The statistical
analysis was carried out using R, an open-source soft-
ware (version 4.2.1 2022).

4. Result

Table 1 shows the results of sediment sample meas-
urements, where a pH range of 7.2 — 8.9 was obtained
with an average of 7.6 + 0.3. The value of EC ranged

Table 1: The value of pH, EC, TDS, ¥, ,, X;,» and ¥;,%
in all samples.

EC
DamPle s (Tnll)gs/l) oH (G100 | (410 m LYo
/em) m’/kg) |kg)

SCB-01 [220 |167 |7.0 |91528 [887.15 |3.07
SCB02 [210 |157 |7.6 |1001.98 [963.55 |3.84
SCB-03 [280 210 |7.6 |878.69 [850.86 |3.17
SCB-04 [230 |174 |7.5 |717.02 |680.79 |5.05
SCB-05 |450  [311 |7.4 |3431.96 |3387.43 [1.30
SCB-06 |500 [367 |7.4 |470.15 |442.78 |[5.82
SCB-07 |420  [305 |7.4 [987.76 |954.60 |3.36
SCB-08 |460 [349 |7.4 |413.14 [388.54 [5.96
SCB-09 [560  |400 |7.5 |433.65 |410.98 |5.23
SCB-10 360  |258 |7.7 |806.93 |786.29 |2.56
SCB-11 120 [111  [8.0 |876.91 |866.08 |1.24
SCB-12 (230 [177 |7.8 |1143.66 |1128.93 [1.29
SCB-13 160 [117 |7.9 |724.66 |712.60 |1.66
SCB-14 180 |144 |77 |2211.57 |2188.16 |1.06
SCB-15 280  [202 |7.6 |1038.58 |1014.96 |2.27
SCB-16 240 [179 |7.8 |2126.86 |2095.13 |1.49
SCB-17 430 (309 |7.7 [581.09 |563.16 |3.08
SCB-18 (250  |192 |7.6 |663.12 |636.13 |4.07
SCB-19 [270  [212  |7.5 |1541.69 |1508.49 |2.15
SCB20 [360 |263 |7.5 |1493.94 |1450.41 |2.91
SCB-21 |410 |312 |7.5 |781.72 |747.48 [4.38
SCB22 (320 |240 |7.4 |2303.10 |2241.32 [2.68
SCB-23 430 (340 |7.5 |658.53 |625.07 |5.08
SCB—24 [790  [555 |7.4 [399.80 |372.35 |6.87
SCB-25 (530 |432 |7.4 |713.15 |676.14 |[5.19
SCB26 |500 |363 |7.3 |663.88 628.94 |5.26
SCB27 |520 [390 |7.5 |597.79 |566.07 |5.31
SCB—28 |540 |413 |7.5 57843 |54554 |5.69
SCB—29 |750  |548 |7.4 |511.13 |477.88 |6.51
SCB-30 |540  [394 |7.5 [1054.58 |1021.90 |3.10
SCB-31 |660 |487 |72 |582.64 |550.24 |5.56
SCB-32 530  |409 |7.2 [1045.56 |1012.33 |3.18
SCB-33 |30 29 [89 |731  [7.07 3.29
Max 790.00 |555.00 8.9 [3431.96 [3387.43 |6.87
Min 30.00 [29.00 |7.0 [7.31  |7.07 1.06
Mean 386.67 |288.36|7.6 [980.49 [951.19 |3.72
Median  |410.00 |305.00|7.5 |781.72 |747.48 |3.29
Is)t:&c;?irgn 179.29 [129.12 0.3 |680.66 |675.22 |1.69

from 30 — 790 pS/cm with an average of 386.67 +179.29
uS/cm. Furthermore, the TDS of the sediment samples
ranged from 29 — 555 mg/L with an average of 288.36 +
129.12 mg/L. The highest value of EC and TDS was ob-
tained in SCB—24 located in the middle of Lake Ciburuy,
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Figure 2: XRD Diffractogram for two representative sediment samples (a) SCB-o5: diffractogram peaks dominated by
magnetite (Fe304) mineral (M); (b) SCB-33: diffractogram peaks dominated by calcite (CaCO3) mineral (C).

Table 2: The abundance of potential toxic elements (PTEs) of sediment samples (N = 11). n.d: not detected, SD:
Standard Deviation, TEL: threshold effect level.

Sampel ID Fe Mn Ni Pb Zn As Cd Co Cr Cu
(mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) | (mg/kg) | (mg/ke)
SCB-01 22205.80 |8549.10 |56.49 18210 |689.84 |13.12 |10.39 (4738 |57.89 |558.71
SCB—05 23246.75 |13325.75 |16.06 |166.58 |535.81 |11.77 |10.46 |50.89 |81.95 |429.41
SCB—06 18480.31 [12785.38 0.9  |17834 |57526 |7.73  |9.04  [30.28 |5020 |433.50
SCB—09 17512.26 |12347.41 |67.29 [179.37 |1182.16 |11.30 |10.03 |29.36 |6648 |610.78
SCB-10 17419.56 |14036.09 [37.99 [131.77 [910.64 |4.05  |7.05  |4096 [62.73 |367.10
SCB-12 972737 [342014 [30.62 [108.24 |497.13 [8.05  |486  |21.82 |5229 [259.62
SCB-13 772847 [4138.78 |1859 [57.21 |400.10 1657 439  [1297 [32.52 |140.96
SCB-19 25618.92 [27414.80 |n.d 13511 [31201 (2228 |11.42 (4498 |91.83 |447.29
SCB-29 2166528 |17048.81 |n.d 17285 [49146 (575  |10.74 (4723 [47.11 45172
SCB-30 2313432 [11300.05 |n.d 206.04 |654.80 (934  |10.86 |69.89 6022 |517.10
SCB-33 816.50  |1007.68 |n.d 786|820  [25.04 (312|502  |1486 |54.68
Max 25618.92 |27414.80 67.29 20604 |1182.16 2504 |1142 |69.89 |91.83 |610.78
Min 81650  |1007.68 1099  |7.86  |820  |405  |3.12  |5.02  |14.86 |54.68
Mean 17050.50 |11397.64 [32.57 [138.68 |568.85 |1227 |8.40  |3643 [56.19 |388.26
Median 18480.31 |12347.41 [30.62 [166.58 [535.81 |11.30 |10.03 |40.96 |57.89 |433.50
SD 7766.35 |7310.26 2337 |60.28 |30595 |6.64  [3.00 1870 [2122 |172.00
3,:“;1::121‘;:;/@ 200000 248779 |21® 500 2000  [200  |15@ |- 80w |65
TEL - - 189 [350  [1230  [500  [069 |- 3739 [3579

*Australian and New Zealand Environment and Conservation Council Interim Sediment Quality Guideline

(ANZECC ISQG-low, 2000)

*Guideline for The Protection and Management of Aquatic Sediment Quality in Ontario (1993),

°National Sediment Quality Survey US EPA (2004).
4Burton (2002)

while the lowest was recorded in SCB-33 located in the
marble waste dump. The results of low-frequency mag-
netic susceptibility (y, ) value showed a range of 7.31 —
3431.96 x 10 m*/kg with an average of 1010.905 x 10
m¥/kg. The value of high-frequency magnetic suscepti-
bility (,,.) in the study area ranged from 7.07 — 3387.43
x 10 m/kg, with an average of 980.696 x 10 m’/kg.

The highest value of magnetic susceptibility was found
in SCB-05 at the edge of the lake where a lot of waste
was piled up. The frequency-dependent magnetic sus-
ceptibility (x.,%) showed a range of 1.06% — 6.88%
with an average of 3.717%.

Figure 2 shows the results of the measurement of
XRD on SCB-05 and SCB-33. The peak of the diffrac-
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togram of each sample showed that SCB-05 was domi-
nated by magnetite minerals (Fe,O,), while calcium car-
bonate/calcite minerals (CaCO,) were dominant in
SCB-33. Furthermore, Figure 3 shows the shape of a
hysteresis curve with a relatively narrow gap indicating
a minor contribution of paramagnetic minerals or a
greater contribution of ferrimagnetic minerals (Tamun-
tuan et al., 2015). The ferrimagnetic mineral on this
hysteresis curve was considered to contain magnetite
because it saturated before 0.3 T (Moskowitz, 1999;
Gehring et al.,, 2009). The saturation magnetization
(M), remanence saturation magnetization (M, ), coer-
civity magnetic field (H ), the coercivity of remanence
magnetic field (H ) for SCB-05 was 35.53 (emu/g),
9.57 (emu/g), 0.034 (T), and 0.035 (T), respectively, For
SCB-24, the values obtained were 21.44 (emu/g), 7.43
(emu/g), 0.0 196 (T), and 0.035 (T), respectively. In
SCB-32, the values were 28.47 (emu/g), 7.62 (emu/g),
0.0313 (T), and 0.035 (T), respectively. Figure 4 shows
the results of SEM-EDS measurement, where the SEM
image of SCB—-05 showed the morphological shape of
magnetite minerals, namely octahedral and spherule.
Meanwhile, the SEM image for SCB-33 showed the
presence of irregular magnetic aggregates. The EDS
analysis showed high concentrations of Fe and O, which
were suspected to be carriers of the mineral magnetite
(Fe,0)).

Table 2 shows the content of the elements in the sedi-
ment samples. The highest to the lowest means value of
elements content was Fe (17050.50 mg/kg), Mn (11397.64
mg/kg), Zn (568.85 mg/kg), Cu (388.26 mg/kg), Pb
(138.68 mg/kg), Cr (56.19 mg/kg), Co (36.4 mg/kg), Ni
(32.57 mg/kg), As (12.27 mg/kg), and Cd (8.40 mg/kg).

5. Discussion

5.1 Physical Properties

The EC value of the sample was influenced by several
community activities, such as netting fish using pellets.
The fish pellets had several compositions, including salt
minerals, which could increase salinity and the ability of
water to conduct electricity (Herbatani, 2021). Further-
more, a high value of EC could be caused by the pres-
ence of high levels of ionized dissolved salt in the sedi-
ment. The results showed that the TDS values were
strongly influenced by weathering of rocks, runoff from
the soil, and anthropogenic factors in the form of domes-
tic and industrial waste. The highest TDS value was ob-
tained at the SCB—24 and this was in line with the EC
measurements, where the highest value was also record-
ed at the same point. Based on these findings, EC and
TDS had a significant correlation and they could influ-
ence each other, as shown in Table 3. The results showed
that the higher the EC value, the higher the TDS. This
was because EC was a measure of the capacity of an
object to conduct an electric charge. Its ability depended
on the concentration of dissolved ions, ionic strength,

(a) SCB - 05 500

(b) SCB - 24

(c) SCB - 32

-40.0

Figure 3: Hysteresis parameter of (a) SCB-o05, (b) SCB-24,
(c) SCB-32.

and measurement temperature. The concentration of dis-
solved ions was often measured using TDS. Therefore,
EC and TDS measurements with the same trend value
indicated high accuracy in the results (Rusydi, 2018).
Similar findings were also obtained in previous Indian
studies, where a strong correlation was found between
EC and TDS parameters with a directly proportional re-
lationship (Madhulekha and Agarwal, 2017). Table 3
strengthened this analysis by presenting the results of a
highly significant correlation between the two parame-
ters, with a correlation coefficient of 0.98 (p <0.01).
The value of , . and % varied in this study due to
the influence of different sediment sources at various
sampling points. Based on the magnetic susceptibility
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Figure 4: Results of SEM-EDS (a) SCB-o05: showing of octahedral shaped-magnetic grains; (b) SCB-o05: showing of spherule
shaped-magnetic grains; (c) SCB-33: showing of irregular magnetic aggregates shaped grains.

value, Lake Ciburuy sediments were dominated by fer-
rimagnetic minerals except for SCB—33, which was in-
fluenced by paramagnetic components. Based on Dear-
ing (1999), ferrimagnetic minerals typically exhibited
magnetic susceptibility values of > 10x10® m’/kg.
Meanwhile, if the susceptibility was below this thresh-
old, then it was considered paramagnetic property.
Figure 5 shows the value of y, . and y, % of sediment
samples at each sampling point. In the sampling point of
Lake Ciburuy, a high value of ), . was often accompanied
by alow y,%. For example, the highest value of y, % in
the north of the lake (SCB-24) showed a low ¥, .. Fur-
thermore, the distribution , , at the lakeside area showed
lower values compared to those in the middle of the lake
except SCB-05. Ramasamy et al., (2022) classified the
magnetic susceptibility in beach and intertidal sediment
into high (more than 100x10® m*/kg) and very high
(more than 500%10® m3/kg) categories. Based on these
findings, the sediments on Lake Ciburuy had a high and
very high value of magnetic susceptibility. SCB-33
showed the smallest magnetic susceptibility because the
samples were taken from marble waste dumps. The av-
erage value of y, % from all samples was approximately
3.717%, indicating that the sample had a small super-
paramagnetic grain contribution (SP). Meanwhile, a
Y /0 Value of 2%-10% indicated a mixture of superpara-
magnetic and non-superparamagnetic coarse grains
(Dearing, 1999). Samples with values ranging from
1-4% showed the presence of anthropogenic material
(Bijaksana and Huliselan, 2010). Based on the results,
the sediment samples were affected by anthropogenic
material, but some were influenced by pedogenic.
Geologically, Lake Ciburuy was formed from an old
Pleistocene volcano and had the Quaternary volcanic
formation, consisting of breccias, lava, lava, and tuff.

Magnetic susceptibility measurements were carried out
for volcanic bedrock in Brantas River, East Java, Indo-
nesia, with a range of (844.0-7231.4) x 10-*m*kg (Mari-
yanto et al.,, 2019). Brantas River flowed through
Mounts Arjuno and Kelud, both of which had bedrock in
the form of lava, volcanic breccia, tuff breccia, and tuff.
Furthermore, the magnetic susceptibility of the surface
sediment samples taken from Brantas River showed an
approximate value of 3164.2 x 10®*m’/kg. Apart from
being influenced by the bedrock of the study area, the
value obtained was influenced by the magnetic proper-
ties of a combination of lithogenic and anthropogenic
materials (Adeloka and Eletta, 2007). The presence of
anthropogenic material could also influence the high
magnetic susceptibility in the sediments, such as indus-
trial dust, dust containing magnetic particles, and mag-
netic particles originating from vehicle emissions ac-
companied by increased concentrations of PTEs (Dank-
oub et al., 2012). The value could also be decreased due
to pedogenic processes and an increase in the abundance
of diamagnetic materials, such as calcite (Ayoubi et al.,
2018). Lake Ciburuy received an increase in calcite be-
cause there was a marble industry with a waste disposal
site around the area. In Table 1, the highest magnetic
susceptibility value in Lake Ciburuy was approximately
3431.96 x10®*m’/kg. The results showed that Brantas
River with the influence of volcanic bedrock also had a
similar value (3164.2x10%m’/kg). Consequently, the
sampling point with the highest value in Lake Ciburuy
was influenced by bedrock and anthropogenic material
sources. Based on these findings, the influx of anthropo-
genic material sources into the sediment could reduce
magnetic susceptibility. This was because the study area
had been affected by diamagnetic materials, such as cal-
cite contained in marble sediment samples at SCB-33.
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Figure 6 shows a scattergram derived from the plot of
% and x.,%, which was used to determine the distribu-
tion of the magnetic domains contained in the sample.
The analysis showed the dominance of the magnetic do-
mains in the Stable-Single Domain (SSD) or Multi-Do-
main (MD). Furthermore, the samples exhibited a mix-
ture of sizes, including superparamagnetic (SP) grains
and grains larger than >0.005 um. Solomon et al.,
(2017) state that the MD and SP grains were derived
from anthropogenic and natural sources (lithogenic).
The results showed that the sediment samples contained -
anthropogenic materials was strengthened by the corre- » - 5 —
lation between y, . and . %. Table 3 shows a negative ;jlanr:weonr::z: Igﬁgfus seomacy €, e
correlation between y, . and y,. % (r = 0.558; p<0.10), _/M ; ; ; ;
indicating that anthropogenic minerals contributed more 001 | 0.1 1 10 100 1000
to the abundance of magnetic minerals than their natural S X 106 m3/kg
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or pedogenic carrier \:arlant (Lu et al., 2007) Figure 6: Scattergram plot of y, . and y,,% value showed by
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Figure 7: Day plot of SCB-o5 (rectangle mark), SCB-24 (triangle mark), and SCB-33
(dot mark) are predominantly falls in the PSD zone. Black line and diamond marks represent
percentage of SD-MD abundance in samples adopted from Dunlop (2002).
SD: Single-Domain; MD: Multi-Domain; PSD: Pseudo-Single Domain; SP: Superparamagnetic.

7. Meanwhile, the SCB—24 sample was in the pseudo-
single domain (PSD) zone. Magnetic minerals dominat-
ed by PSD and a mixture of SD-MD grains were also
found in the river and lake sediments in other locations
(Yang et al., 2009; Zhang et al., 2012; Su et al., 2013;
Tamuntuan et al., 2015; Sudarningsih et al., 2017;
Mariyanto et al., 2019).

The different shapes of the morphology of magnetic
grain could indicate that they were formed from differ-
ent sources. The octahedral shape indicated the presence
of a magnetic mineral, either from a pedogenic origin.
Figure 4a shows an octahedral image representing natu-
ral grains of magnetite that could be obtained from
weathering rocks and had a rough surface with damage
at the corners (Tamuntuan et al., 2010). Meanwhile, the
spherule form indicated a change in shape of magnetic
minerals caused by oxidation or combustion and the pro-
cess of diagenesis (Franke et al., 2007). The SEM re-
sults of SCB—-33 showed the presence of irregular ag-
gregate magnetic minerals. The EDS analysis in the
SCB-33 showed a high content of Ca and O, which were
suspected to be carriers of CaCO,. The presence of Ca
and O in the sample was similar to marble waste with the
same components. The CaO material had diamagnetic
properties (Dearing, 1999). This is indicating that mar-
ble waste mixing with volcanic soil could weaken the
magnetic characteristics. Volcanic soils were known to
have strong magnetic and ferrimagnetic properties. The
mixture of these characteristics could lead to the forma-
tion of a paramagnetic.

5.2 Chemical Properties

Based on ICP-OES measurement (see Table 2), the
abundance of PTEs could be used to determine sediment
quality by comparing the reference sediment quality val-
ues around the world (SQGs). The results of PTEs
showed that the abundance of sediments in Lake Cibu-
ruy had exceeded the standard threshold in other coun-
tries (ANZECC ISQG-Low, US EPA, and Canadian
SQGs). The only exception was the As element, which
did not exceed the quality standard value in SCB-01,
SCB-05, SCB-06, SCB-09, SCB-10, SCB-12, SCB-
13, SCB-29, and SCB-30, as well as Cr element in
SCB-01, SCB-06, SCB-09, SCB-10, SCB-12, SCB-
13, SCB-29, and SCB-30, and SCB-33. Although As
and Cr elements were less than the standard values, al-
most all samples were at the Threshold Effect Level
(TEL). Based on the TEL quality standard for American
PTEs by Burton (2002), As had a value at the level of
5.9 mg/kg, while the Cr element was at 37.3 mg/kg.
Apart from As and Cr elements, all PTEs also exceeded
the quality standard values, as shown in Table 2.

The Fe was found to be below SQGs at SCB-06,
SCB-09, SCB-10, SCB-12, SCB-13, and SCB-33.
Apart from Fe, other PTEs, such as Ni at the SCB-05,
SCB-06, and SCB-13 were less than SQGs. PTEs of Pb,
Zn, Cd, and Cu had values less than the quality standard
only at SCB—33. Meanwhile, the abundance of Mn ex-
ceeded the SQGs at all sampling points. The abundance
of Mn elements could be attributed to various anthropo-
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Figure 8: Map of distribution values of PTEs at sampling points (N: 11): (a) Fe; (b) Mn; (c) Cd; (d); Cr indicates
that the highest values (the color scale towards red) is in the middle of the lake.

genic sources, such as industrial and mining activities,
agriculture, as well as residential waste, electronic, in-
dustrial, and traffic waste (Yunginger et al., 2018). Fig-
ure 8 shows the distribution map of several PTEs, such
as Fe, Mn, Cd, and Cr. The highest content of Fe, Mn,
Cd, and Cr was found at SCB-19, which was located in
the middle of the lake. The high value of Fe, Mn, Cd,
and Cr in the sediment could be caused by the emissions
from vehicles and domestic waste (Robertson et al.,
2003; Chakarvorty et al., 2015; Yuan et al., 2019).

Table 4 shows the results of pollution index calculation
from PTEs content using I, EF, CF, and PLI. The aver-
age results of the calculation of Igeo, EF, and CF sediment
samples from Lake Ciburuy, from largest to smallest val-
ue was Cd > Mn > Cu>Pb>Zn > Co > As > Cr> Ni >
Fe. The highest I average value was shown by Cd and
the level of contamination was categorized as highly to
very highly polluted class. Since As, Cr, Ni, and Fe had a
negative value, according to the table of I contamina-
tion levels (Muller, 1969), the negative average L., value
indicated that the surface sediments of Lake Ciburuy were
not contaminated by As, Cr, Ni, and Fe. Similar results
were also found in the sediments of the Hindon River,
which reported that Fe, Zn, Ni, Mn, and Cr had negative
values (Chabukdhara and Nema, 2012).

Based on the classification of EF values by Hakan-
son (1980), the average value of EF calculation results
for Lake Ciburuy sediment samples showed various en-

richment levels. The Cd element was considered to have
an extreme enrichment (EF = 59.49 mg/kg), while Mn
had a very severe level (EF =28.50 mg/kg). The average
value of Cu, Pb, and Zn elements showed a severe level
of enrichment (EF = 18.34; 14.74; 12.73). Meanwhile,
other elements showed a minor level, such as the aver-
age value of EF in As, Cr, and Ni (EF =2.01; 1.33; 1.02).
The results showed that Co had a medium enrichment
level (EF = 4.08), while Fe showed no EF (EF = 0.77),
but at several sample points, it had a minor EF.

The results of the average CF calculation based on the
classification level table by Tomlinson (1980) for Lake
Ciburuy sediment samples found that the elements Cd,
Mn, Cu, Pb, Zn, and Cu had a very high contamination
level with the values of 27.99, 13.41, 8.63, 6.93, and
5.99, respectively. The Co element showed moderate
contamination (CF = 1.92), while As, Cr, Ni, and Fe
were at a low level (CF =0.94, 0.62, 0.48, 0.36).

To evaluate the level of PTEs contamination related
to anthropogenic activity, PLI was calculated. The cal-
culation results at the sediment of Lake Ciburuy showed
a range of 0.449 — 4.392. Table 3 shows the results of
PLI calculations for all sediment samples with a value of
more than 1, except for the SCB-33.

The pollution index calculations by Igeo, EF, and CF
showed that the sediments of Lake Ciburuy had average
values of Mn, Pb, Zn, Cd, and Cu, which were classified
as moderate to very severe contamination. This finding
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Table 4: The calculation of pollution index. Igen: Geo-accumulation Index, EF: Enrichment Factor, CF: Contaminant Factor,
PLI: Pollution Load Index. SD: Standard Deviation.

I, (mg/kg)
Sample ID =0/ Mn Ni Pb Zn As Cd Co Cr Cu
SCB-01 -1.67 2.75 -0.85 2.60 2.28 -0.57 4.53 0.73 -1.22 3.05
SCB-05 -1.61 3.39 -2.67 2.47 1.91 -0.73 4.54 0.84 -0.72 2.67
SCB-06 -1.94 3.33 -6.69 2.57 2.01 -1.33 4.33 0.09 -1.43 2.68
SCB—09 -2.02 3.28 -0.60 2.58 3.05 -0.79 4.48 0.04 -1.02 3.18
SCB-10 -2.02 3.46 -1.43 2.13 2.68 -2.27 3.97 0.52 -1.11 2.44
SCB-12 -2.86 1.42 -1.74 1.85 1.80 -1.28 343 -0.39 -1.37 1.94
SCB-13 -3.20 1.70 -2.46 0.93 1.49 -0.23 3.29 -1.14 -2.05 1.06
SCB-19 -1.47 4.43 - 2.17 1.13 0.19 4.67 0.66 -0.56 2.73
SCB-29 -1.71 3.74 - 2.53 1.79 -1.76 4.58 0.73 -1.52 2.74
SCB-30 -1.61 3.15 - 2.78 2.20 -1.06 4.59 1.29 -1.16 2.94
SCB-33 -6.44 -0.34 - -1.93 -4.12 0.36 2.79 -2.50 -3.18 -0.30
MAX -1.47 4.43 -0.60 2.78 3.05 0.36 4.67 1.29 -0.56 3.18
MIN -6.44 -0.34 -6.69 -1.93 -4.12 -2.27 2.79 -2.50 -3.18 -0.30
MEAN -2.41 2.75 -2.35 1.88 1.47 -0.86 4.11 0.08 -1.39 2.28
SD 1.44 1.34 2.06 1.37 1.93 0.80 0.65 1.09 0.72 1.04
EF (mg/kg)
Fe Mn Ni Pb Zn As Cd Co Cr Cu
SCB-01 1.00 21.38 1.77 19.35 15.43 2.15 73.59 5.30 1.37 26.39
SCB-05 1.05 33.32 0.50 17.70 11.99 1.92 74.10 5.69 1.94 20.28
SCB-06 0.83 31.97 0.03 18.95 12.87 1.26 64.05 3.39 1.19 20.48
SCB-09 0.79 30.88 2.10 19.06 26.45 1.85 71.08 3.28 1.57 28.85
SCB-10 0.78 35.10 1.19 14.00 20.38 0.66 49.98 4.58 1.48 17.34
SCB-12 0.44 8.55 0.96 11.50 11.12 1.32 34.44 2.44 1.23 12.26
SCB-13 0.35 10.35 0.58 6.08 8.95 2.71 31.10 1.45 0.77 6.66
SCB-19 1.15 68.56 - 14.36 6.98 3.64 80.91 5.03 2.17 21.13
SCB-29 0.98 42.63 - 18.37 11.00 0.94 76.11 5.28 1.11 21.34
SCB-30 1.04 28.26 - 21.90 14.65 1.53 76.97 7.82 1.42 24.43
SCB-33 0.04 2.52 - 0.84 0.18 4.09 22.09 0.56 0.35 2.58
MAX 1.15 68.56 2.10 21.90 26.45 4.09 80.91 7.82 2.17 28.85
MIN 0.04 2.52 0.03 0.84 0.18 0.66 22.09 0.56 0.35 2.58
MEAN 0.77 28.50 1.02 14.74 12.73 2.01 59.49 4.08 1.33 18.34
SD 0.35 18.28 0.73 6.41 6.85 1.09 21.29 2.09 0.50 8.12
CF (mg/kg) PLI
Fe Mn Ni Pb Zn As Cd Co Cr Cu
SCB-01 0.47 10.06 0.83 9.10 7.26 1.01 34.62 2.49 0.64 12.42 3.36
SCB-05 0.49 15.68 0.24 8.33 5.64 0.91 34.86 2.68 0.91 9.54 3.02
SCB-06 0.39 15.04 0.01 8.92 6.06 0.59 30.13 1.59 0.56 9.63 1.93
SCB-09 0.37 14.53 0.99 8.97 12.44 0.87 33.44 1.55 0.74 13.57 3.49
SCB-10 0.37 16.51 0.56 6.59 9.59 0.31 23.51 2.16 0.70 8.16 2.68
SCB-12 0.21 4.02 0.45 5.41 5.23 0.62 16.20 1.15 0.58 5.77 1.82
SCB-13 0.16 4.87 0.27 2.86 4.21 1.27 14.63 0.68 0.36 3.13 1.44
SCB-19 0.54 32.25 - 6.76 3.28 1.71 38.07 2.37 1.02 9.94 4.39
SCB-29 0.46 20.06 - 8.64 5.17 0.44 35.81 2.49 0.52 10.04 3.53
SCB-30 0.49 13.29 - 10.30 6.89 0.72 36.21 3.68 0.67 11.49 4.12
SCB-33 0.02 1.19 - 0.39 0.09 1.93 10.39 0.26 0.17 1.22 0.45
MAX 0.54 32.25 0.99 10.30 12.44 1.93 38.07 3.68 1.02 13.57 0.45
MIN 0.02 1.19 0.01 0.39 0.09 0.31 10.39 0.26 0.17 1.22 4.39
MEAN 0.36 13.41 0.48 6.93 5.99 0.94 27.99 1.92 0.62 8.63 2.75
SD 0.16 8.60 0.34 3.01 3.22 0.51 10.01 0.98 0.24 3.82 1.21
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Table 5: Clusters of samples (N = 11) based on physical-chemical properties and magnetic parameters features obtained
from a non-hierarchical k-means cluster analysis. SD: Standard Deviation.

. Mean Cluster 1 (n=3) Cluster 2 (n=6) Cluster 3 (n=2)

Variable SD
Overall Mean group |SD Mean group |SD Mean group |SD

pH 7.64 0.48 8.20 0.61 7.42 0.23 7.45 0.07
EC (uS/cm) 370.00 210.86 140.00 101.49 488.33 181.59 360.00 127.28
TDS (mg/L) 270.91 149.97 107.67 74.44 355.67 130.91 261.50 70.00
¢, (x10* m*/kg) 1003.73 904.29 625.21 574.67 698.62 261.89 2486.82 1336.62
Cip /0 3.27 1.82 2.08 1.07 4.38 1.67 1.73 0.61
Fe (mg/kg) 17050.50 |7766.35 |6090.78 4675.73  |20069.59 2553.06 |24432.83 1677.38
Mn (mg/kg) 11397.64 |7310.26 |2855.53 1640.13 | 12677.81 2828.99 120370.28 9962.46
Ni (mg/kg) 32.57 24.45 16.40 15.43 27.13 30.82 8.03 11.35
Pb (mg/kg) 138.68 60.28 57.77 50.20 175.08 24.16 150.85 22.26
Zn (mg/kg) 568.85 305.95 301.81 258.86 750.69 254.02 423.91 158.25
As (mg/kg) 12.27 6.64 16.56 8.49 8.55 3.40 17.02 7.43
Cd (mg/kg) 8.40 3.00 4.12 0.90 9.69 1.45 10.94 0.68
Co (mg/kg) 36.43 18.70 13.27 8.40 44.18 14.86 47.93 4.18
Cr (mg/kg) 56.19 21.22 33.22 18.73 57.44 7.44 86.89 6.99
Cu (mg/kg) 388.26 172.00 151.75 102.90 489.82 89.23 438.35 12.65
PLI 275 121 1.24 0.71 3.18 0.77 3.71 0.97

of the most common elements in the Earth’s crust (Use-
ro et al., 2004). Furthermore, the highest correlation be-
tween Fe and PTEs was with Cd (r = 0.964; p <0.01).
This strong correlation, which was found in the lake
sediment had been reported in agriculture and industry
arcas (Goher et al., 2014; Redwan et al., 2022). The
results showed that there was also a significant correla-
tion between Fe and Pb (r = 0.878; p<0.01). The high
correlations indicate that these parameters are built by
the same mechanism and common source (Abderrah-
mane et al., 2021). This indicated that there were emis-
sions derived from vehicles (Robertson et al., 2003).
However, the presence of a lot of Fe could also indicate
that the sample contained anthropogenic material, one of
which came from motor vehicle emissions (Zhang et
al., 2012). This was important because Lake Ciburuy
was close to urban roads, residential areas, and a tourist
area. There were also rice fields, agriculture, and indus-
trial areas around the lake, which produced anthropo-
genic materials.

Apart from Fe, Cd had a high correlation with almost
elements, except Ni, Zn, and As. Based on these results,
the content of the Cd element in the sediments of Lake
Ciburuy could be used to determine the source of pollut-
ants. This finding was strengthened by the results of I,
EF, and CF values, where it was considered to have very
extreme contamination levels. PLI calculations at all
sampling points showed that the sediment was contami-
nated by anthropogenic material, except SCB—33. Table
3 also shows a strong significant correlation between
PLI and PTEs except for Ni, Zn, and As. Furthermore,
PLI also had a significant correlation with the physical
properties of TDS (r = 0.604, p<0.05). The difference in

the correlation between the magnetic parameters and the
PTEs was due to the involvement of magnetic mineral
concentrations, which were influenced by the mineral
phase, grain size or presence of different source mix-
tures. The mineral concentration was also affected by the
physical and chemical changes that occurred during
transportation and deposition (Yang et al., 2010). This
analysis showed that the significant correlation between
PLI and PTEs as well as physical properties could be
used as a proxy for pollution.

The result of the PCA analysis of physical-chemical
properties is presented in Figure 9. The closer the vari-
able position was to the principal component, the higher
the value of positive correlation. Meanwhile, the differ-
ence in position and coordinate (quadrant) described the
direction of positive and negative correlation. Figure 9
shows that there were loading results and scores from
the principal component (PC1 and PC2). PC1 (57.9% of
the total variance) had strong positive loadings on EC,
TDS, Fe, Mn, Pb, Cr, Cd, Co, Cu, and PLI as well as
negative loadings on pH and As. The results also showed
that PC2 with 16% of the total variance had positive
loadings on y, .. The first quadrant revealed that SCB-05
and SCB-19 were highly influenced by parameters ¥, .
and could be affected by several PTEs, such as Cr, Mn,
Fe, Cd, Co, and PLI. SCB-01, SCB-06, SCB—-09, SCB-
10, SCB-29, and SCB-30 in the fourth quadrant were
influenced by Cd, Cu, Pb, EC, TDS, Zn, y, %, and Ni.

Table 5 provides information on all the variables used
for cluster analysis (CA). CA connected cluster groups
based on the homogeneity of the variables studied, as
shown in Figure 9. Based on several variables, cluster 3
consisted of the parameter with the highest value of , .
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Figure 9: Multivariate analysis by Principal Component Analysis (PCA) and clustering sediment
samples (N = 11). PCA’s result is indicated by the blue arrow. Cluster analysis (CA) based on the
variables physical-chemical properties and magnetic parameter. The sites were classified into three
groups, showing group 1 is low contamination (blue), group 2 is medium contamination (red) and
group 3 is high contamination (yellow).

at SCB-05 on the edge of the lake close to residential
areas. It also contained several elements of Fe, Mn, Cd,
and Cr, with the highest values at SCB-19 in the middle
of the lake. Furthermore, the medium cluster indicated
by cluster 2 contained samples SCB-01, SCB-06, SCB—
09, SCB-10, SCB-29, and SCB-30, which were located
in the water bodies. Cluster 1 showed a low value of
physical-chemical properties of samples SCB—12, SCB—
13, and SCB-33 compared to other sampling points.
These sampling points were near rice fields, irrigation,
and marble waste, respectively.

6. Conclusions

Based on the results and discussion on the physical
and chemical properties of sediments, several conclu-
sions could be written as follows:

1. Measurement of physical properties EC, TDS, and
pH indicated that anthropogenic material was pre-
sent in Lake Ciburuy sediments. This indication
was strengthened by the magnetic parameter re-
sults, which showed a high magnetic susceptibility
value of , . with an average value of 1010.905 x
10* m’/kg. The average value of y, % was 3.731%,
indicating that the sediment of Lake Ciburuy con-
tained anthropogenic material. Furthermore, these
findings were strengthened by the results of the
scattergram plot of , . and y, %. This plot showed
that the sediments were dominated by mixed
grains of SSD or MD, denoting the presence of an-

thropogenic material. This analysis was consistent
with the results of Day’s plot that the sediment
grains of Lake Ciburuy had a mixture of MD. The
results of XRD measurements, hysteresis curves,
and SEM-EDS also confirmed that the area was
dominated by magnetite minerals, with spherule-
shaped grains.

2. The measurement of the chemical properties
showed that the element content of Mn, Pb, Zn,
Cd, and Cu could be a source of pollutants because
they had an abundance of PTEs exceeding the sed-
iment quality standards, with a very high level of
pollution. This result was strengthened by the cal-
culated pollution index, where sample points
showed a value >1 except SCB-33, indicating the
presence of pollution.

3. The significant correlation between physical-chem-
ical properties and magnetic parameters, such as EC
and TDS with x, %, x, . and Cr; Fe and Cd; Fe and
Pb; PLI and PTEs (Fe, Mn, Pb, Cd, Co, Cr, Cu), as
well as PLI and TDS, indicated the potential of
physical-chemical properties as a proxy indicator of
pollution due to anthropogenic material.
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SAZETAK

Identifikacija antropogenih materijala u sedimentima jezera Ciburuy
koristenjem fizicko-kemijskih svojstava i indeksa onecis¢enja

Podrudje jezera Ciburuy pod velikim je utjecajem $irokoga spektra ljudskih aktivnosti, uklju¢uju¢i stambena podrudja,
rizina polja, stodarstvo, plantaze, gust promet vozila i razne industrije, $to dovodi do nakupljanja zagadivaca. Cestice
nastale antropogenim aktivnostima odnijet ¢e se i taloziti s erodiranim tlom i postati sediment u jezeru. To bi moglo
stvoriti ozbiljne probleme u vodenome okoli$u ako ne postoji studija pracenja. Stoga je cilj ove studije bio identificirati
antropogeni materijal proizveden ljudskim aktivnostima koriStenjem analize fizi¢kih i kemijskih svojstava i izra¢una
indeksa onecidéenja. Analiza fizi¢kih svojstava pokazala je da su elektri¢na vodljivost (EC), ukupna otopljena krutina
(TDS) i magnetska osjetljivost po redu unutar raspona 30 - 790 puS/cm, 29 - 555 mg/L, 7,310 - 3431,956 x10® m3/kg.
Difrakcija rendgenskih zraka (XRD) i parametar histereze pokazali su da uzorci sadrzavaju ferimagnetske materijale,
posebno magnetit s pseudojednodomenskom (PSD) i visedomenskom (MD) mjeSavinom. Skenirajuc¢i elektronski mi-
kroskop (SEM) i energetska disperzivna spektroskopija (EDS) identificirali su morfologiju magnetskoga minerala s razli-
¢itim oblicima, kao $to su oktaedar i sferula. Nadalje, oblik sferule upucuje na prisutnost antropogenih materijala u
uzorku. Sto se ti¢e kemijskih svojstava, ova studija mjeri pH i potencijalno toksi¢ne elemente (PTE) u sedimentima. pH
je bio u rasponu 7,2 - 8,9, dok su PTE pokazivali umjerenu do vrlo jaku razinu kontaminacije Mn, Pb, Zn, Cd i Cu, sto je
premasilo standard kvalitete sedimenta. PCA otkriva medusobnu vezu izmedu fizi¢kih i kemijskih svojstava, koja mogu
identificirati zagadivace koji potje¢u od antropogenih materijala, kao i uputiti na niske, srednje i visoke razine oneci$ce-
nja u podrudju jezera.

Kljuéne rijedi:
antropogenost, fizicka i kemijska svojstva, indeks oneciséenja
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