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ABSTRACT

Industrial wastewater discharge from textile industries poses a significant threat to subsurface environmental qual-
ity, particularly in complex geological settings where contaminant migration is difficult to detect using surface
observations alone. This study aims to delineate and characterize subsurface contamination associated with textile
industrial waste in the Cikijing River, Bandung, Indonesia, with particular emphasis on its occurrence within a vol-
canic—structural geological environment. An integrated approach was employed by combining electrical resistivity
tomography (ERT) and physicochemical analyses. ERT surveys using a dipole—dipole configuration were con-
ducted along four profiles, while sediment samples were analyzed for pH, electrical conductivity (EC), and total
dissolved solids (TDS) to validate geophysical interpretations. The inversion results reveal a stratified subsurface
consisting of topsoil, clay, and dense sandy gravel layers. A prominent low-resistivity anomaly ranging from 2.63
to 9.82 Om was identified within the clay layer at depths of 0.5 to 4.3 m, extending laterally up to 22.5 m. This
anomaly is interpreted as a contaminant plume resulting from the accumulation and retention of industrial efflu-
ents within low-permeability materials. Physicochemical measurements support this interpretation, showing acidic
conditions (pH 5.4-5.7), elevated EC values reaching 2,710 pS/cm, and high TDS concentrations exceeding 1,999
ppm, all of which surpass WHO and national environmental standards. These findings confirm the significant im-
pact of textile wastewater infiltration on subsurface conditions. Nevertheless, the results provide practical value for
environmental assessment, pollution monitoring, and remediation planning in industrial regions. The originality
of this research lies in integrating geophysical and physicochemical approaches to delineate contamination within
a volcanically influenced and structurally controlled subsurface system, offering new insights into contaminant
behavior in complex geological environments.

Keywords: textile wastewater, electrical resistivity tomography, subsurface contamination, physicochemical anal-
ysis, Cikijing river.

INTRODUCTION especially in river ecosystems. Textile industries
are known to produce large volumes of wastewa-

The rapid expansion of industrial activities, ter containing dyes, heavy metals, and complex
particularly in the textile sector, has become  organic compounds, all of which can significantly
a major driver of environmental degradation, alter the physicochemical characteristics of water
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and soil (Zhou et al., 2022; Ahsan et al., 2019;
Kanan et al.,, 2014). When this wastewater is
discharged without proper treatment, pollutants
can accumulate in surface water and gradually
infiltrate into subsurface layers, thereby posing
long-term risks to groundwater systems and over-
all ecological sustainability (Zhou et al., 2022;
Angi et al., 2025). In many developing regions,
this situation is further complicated by weak en-
forcement of environmental regulations, allowing
contamination to persist and intensify over time.

The Cikijing River in Bandung Regency, In-
donesia, represents a clear example of this issue.
Flowing through the Rancaekek industrial area,
which is dominated by textile factories, the river
has been subjected to continuous exposure to in-
dustrial discharge. Previous studies have docu-
mented elevated concentrations of heavy metals
such as Pb, Cd, and Cr in both water and sediment,
underscoring the severity of contamination and its
associated ecological risks (Marselina and Wi-
jaya, 2024; Novaliana et al., 2025). Other investi-
gations have also detected pollution signals using
geophysical and magnetic approaches within the
same river system (Prananda et al., 2017). Despite
these findings, most existing studies are still lim-
ited to surface observations and do not adequately
capture subsurface contamination processes.

Water quality is commonly evaluated using
physicochemical parameters such as pH, EC, and
TDS, which provide essential information on acid-
ity, ionic content, and the overall concentration of
dissolved materials (Bakar et al., 2020; Maleck et
al., 2024; Adestina et al., 2024). While these pa-
rameters are useful, they are typically measured
at discrete sampling points, thereby limiting their
ability to represent spatial variability and subsur-
face contaminant transport pathways. This limita-
tion is particularly significant in textile-impacted
environments, where contaminants can migrate
beyond the river channel and spread into shallow
groundwater systems (Zhou et al., 2022).

To overcome these limitations, geophysical
methods — especially electrical resistivity tomog-
raphy (ERT) — have increasingly been used in en-
vironmental studies. ERT offers a non-invasive
technique to image subsurface conditions by mea-
suring variations in electrical resistivity, which are
influenced by factors such as lithology, porosity,
moisture content, and ionic concentration (Ber-
nardo et al., 2022; Kondracka et al., 2021). In con-
taminated environments, resistivity values tend to
decrease due to the presence of conductive fluids

enriched with dissolved ions (Ibuot et al., 2017;
Syukri et al., 2013). A number of studies have suc-
cessfully applied ERT to detect contamination in
waste disposal sites, including landfills and open
dumping areas (Appiah et al., 2018; Boonsakul et
al., 2023; Suknark et al., 2023). Moreover, com-
bining geophysical methods with physicochemi-
cal analysis has been shown to improve the reli-
ability of environmental assessments by linking
subsurface anomalies with quantitative pollutant
indicators (Ibuot et al., 2024).

In the Indonesian context, geoelectrical meth-
ods have been applied in various environmental
and geotechnical studies, including contamination
mapping and subsurface characterization (Ashel et
al., 2021; Syukri et al., 2020). In the Linggar area
and its surroundings, previous work has identi-
fied contamination using resistivity data; however,
these studies often suffer from limited spatial cov-
erage or lack robust integration with detailed physi-
cochemical measurements, resulting in incomplete
interpretation of contamination processes.

From a hydrogeological standpoint, the
movement of contaminants is strongly influenced
by subsurface conditions such as lithology, per-
meability, and groundwater flow patterns. The
Bandung Basin is dominated by alluvial deposits
composed of clay, silt, and sand, which can facili-
tate contaminant transport, particularly in more
permeable layers. Under such conditions, pollut-
ants can spread both laterally along the river and
vertically into deeper subsurface zones, thereby
increasing the vulnerability of groundwater re-
sources (Silitonga, 1973).

Despite the progress made in environmental
geophysics, several important gaps remain. Many
previous studies tend to rely on either physico-
chemical analysis or geophysical methods alone,
without fully integrating both approaches in a
quantitative framework. In addition, studies con-
ducted in the Cikijing River area have not clearly
established a quantitative relationship between re-
sistivity anomalies and key water quality parame-
ters such as EC and TDS. Research focusing spe-
cifically on textile-related contamination in river
systems is also still limited, as most existing work
has concentrated on landfill or mining environ-
ments. Furthermore, there is still a lack of studies
that explicitly link geophysical observations with
hydrogeological processes to explain contami-
nant migration in subsurface environments.

To address this gap, this study aims to identify
and characterize subsurface electrical anomalies
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potentially associated with textile industrial ef-
fluents in the Cikijing River area by integrating
ERT with physicochemical parameters (pH, EC,
and TDS), in order to improve the interpretation
of contamination processes in heterogeneous al-
luvial environments.

The study is guided by the following scientif-
ic hypotheses. H1 (geophysical response hypoth-
esis): low-resistivity anomalies in the shallow
subsurface are associated with zones of increased
pore-water conductivity potentially influenced
by anthropogenic inputs. H2 (hydrochemical
consistency hypothesis): zones characterized by
low resistivity are associated with sediments ex-
hibiting elevated EC and TDS values and altered
pH conditions. H3 (hydrogeological control hy-
pothesis): the distribution and continuity of sub-
surface anomalies are influenced by lithological
structure, with clay-rich layers potentially acting
as pathways and/or reservoirs for contaminant ac-
cumulation. H4 (methodological hypothesis): the
integration of ERT and physicochemical analysis
provides a more consistent and reliable interpre-
tation of subsurface conditions compared to the
use of a single method alone.

The significance of this study lies in its ability
to bridge methodological and practical gaps. By
combining geophysical imaging with laboratory-
based analysis, it offers a robust framework for
identifying and validating contamination zones.
Ultimately, these findings provide new insights
into how textile-derived pollutants migrate with-
in riverine subsurface environments, supporting
more effective environmental monitoring and
sustainable management strategies in Indonesia.

GENERAL GEOLOGY OF STUDY AREA

The study area is located in the Rancaekek
District, eastern Bandung Basin, Indonesia. The
Bandung Basin is an intermontane basin formed
during the Quaternary as a result of volcanic ac-
tivity and tectonic deformation. It is widely inter-
preted as a former lacustrine system that was pro-
gressively infilled by volcanic and sedimentary
deposits, resulting in a heterogeneous subsurface
structure (Silitonga, 1973; Sabrian et al., 2024;
Satriyo et al., 2025).

According to regional geological mapping,
the study area is dominated by the Lake Deposits
Formation (Ql) (Figure 1), which consists primar-
ily of tuffaceous clay, tuffaceous sandstone, and

34

tuffaceous gravel (Silitonga, 1973). These lithol-
ogies indicate deposition in a low-energy lacus-
trine environment with significant volcanic input.
Locally, the formation contains calcareous con-
cretions, plant remains, freshwater mollusks, and
vertebrate fossils, reflecting mixed volcanic, sedi-
mentary, and biological influences on deposition.

At the basin scale, subsurface materials com-
prise unconsolidated to semi-consolidated Qua-
ternary deposits, including lacustrine sediments,
alluvial deposits, and volcanic products. This
lithological variability produces strong spatial
heterogeneity in porosity and permeability, which
directly controls groundwater flow and contami-
nant transport (Satriyo et al., 2025).

Hydrogeologically, the subsurface is charac-
terized by interbedded fine-grained units (clay
and silt) and coarser permeable units (sand and
gravel), forming a multilayered aquifer system.
Permeable layers facilitate groundwater flow and
act as preferential pathways for contaminant mi-
gration, whereas fine-grained layers function as
semi-confining units that retard vertical flow and
promote the accumulation of contaminants. These
contrasts are critical for geoelectrical interpreta-
tion, as resistivity values are strongly influenced
by lithology, pore structure, and fluid conduc-
tivity. Clay-rich and saturated zones containing
dissolved ions typically exhibit low resistivity,
whereas coarser and less saturated materials tend
to show higher resistivity responses.

Structural features also influence groundwa-
ter flow within the basin. Fault systems, including
the Lembang Fault, may act either as conduits or
barriers depending on their hydraulic properties
(Delinom, 2009). In this study, the relative posi-
tion of the study area with respect to major fault
structures is considered in interpreting subsurface
flow patterns and possible preferential migration
pathways, although detailed structural measure-
ments are beyond the scope of this work.

Groundwater conditions in the Bandung Ba-
sin have been significantly affected by anthro-
pogenic activities, particularly industrial devel-
opment and groundwater extraction. Reported
impacts include declining groundwater levels,
reduced water quality, and increased susceptibil-
ity to contamination (Wangsaatmaja et al., 2006;
Tirtomihardjo, 2016). Land subsidence associ-
ated with long-term groundwater withdrawal has
also been documented and may alter subsurface
hydraulic properties and flow patterns (Maryud-
haningrum et al., 2025).
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Figure 1. Regional geological map of the Bandung Quadrangle (modified Silitonga, 1973)

In the Rancaekek area, shallow groundwater
conditions combined with permeable sediment
layers enhance the potential for both lateral and
vertical contaminant migration. These hydrogeo-
logical conditions directly influence the distribu-
tion of conductive fluids in the subsurface, which
is reflected in resistivity variations obtained from
ERT measurements.. Overall, the geological and
hydrogeological setting — characterized by lacus-
trine deposits, volcanic influence, layered aquifer
systems, and anthropogenic stress — provides a
controlling framework for fluid movement and
contaminant transport. This framework is essen-
tial for interpreting resistivity anomalies and de-
lineating contamination zones in the subsurface.

MATERIALS AND METHODS

Study area and data acquisition

Geoelectrical measurements and sediment
sampling were conducted in the vicinity of the
Cikijing River, Bandung Regency, Indonesia. The
survey area was selected based on its proximity to
textile industrial activities and documented evi-
dence of surface water degradation, indicating a
high likelihood of contaminant infiltration into
the subsurface system.

A total of four geoelectrical survey lines
(Lines 1-4) were established (Figure 2). The
geographic coordinates and elevations of each

line are provided in Table 1. All coordinates were
recorded using the WGS84 datum. Each survey
line had a length of 24 m with an electrode spac-
ing of 0.5 m, resulting in a total of 48 electrodes
per line. The orientation (azimuth) of the lines
ranged between 80° and 110°, designed to be
both perpendicular and sub-parallel to the river
flow in order to capture lateral and longitudinal
variations in subsurface conditions. The spacing
between adjacent lines ranged from 5 to 10 m.
The topography along the survey lines is rela-
tively flat, with elevation differences less than 2
m, and therefore no topographic correction was
applied during inversion.

Sediment samples were collected from Lines
3 and 4, which are located closest to the riverbank
(approximately 1-3 m) and aligned sub-parallel
to the river flow. These locations were selected
based on field evidence, including visible waste-
water discharge points, discoloration of river wa-
ter, and accumulation of fine-grained sediments,
indicating enhanced contaminant deposition.

Geoelectrical data processing was performed
at the Geophysics Laboratory, Universitas Syiah
Kuala. Physicochemical analysis (pH, EC, and
TDS) was conducted at the Geophysics Labora-
tory, Universitas Padjadjaran.

Samples were stored in sealed polyethylene
bags immediately after collection, transported
within 24 hours, and analyzed within 48 hours.
Samples were air-dried prior to analysis to ensure
measurement consistency.
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Figure 2. Schematic map showing the layout of survey lines in the study area

Table 1. Coordinates and elevation of survey lines

No Survey line Coordinates Elevation (m)
! Line 1 1(?751?7%?3(.)0?’;’E 674

2 Line 2 10747 3 80 686

3 Line 3 1g7§f7§é%‘.1r6§’;’E 690

4 Line 4 1(?7:527?522§6§5’E 679

Electrical resistivity survey

The geoelectrical survey was conducted using
adipole—dipole configuration, which employs two
current electrodes and two potential electrodes to
inject and measure electrical current within the
subsurface. In this configuration, the spacing be-
tween adjacent electrodes is defined as a, while
the separation between the current and potential
electrode pairs is expressed as na, where n rep-
resents the level of investigation depth (Syukri et
al., 2025a). This arrangement allows for enhanced
sensitivity to lateral resistivity variations, making
it suitable for identifying contamination zones.

The dipole—dipole configuration was se-
lected due to its high lateral resolution and ef-
fectiveness in resolving shallow subsurface het-
erogeneity, which is particularly important in
environmental studies where contaminant dis-
tribution is spatially variable and controlled by
near-surface processes.
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The apparent resistivity values were calculat-
ed using a geometric factor (K), which accounts
for the spatial arrangement of the electrodes. For
the dipole—dipole configuration, the geometric
factor can be expressed as:

K = man(n+1)(n+2) (D)

where: K is the geometric factor, a is the electrode
spacing, and n is the level number cor-
responding to the depth of investigation
(Alao et al., 2024; De Borba et al., 2023).

The maximum dipole separation level used
was n = 6, resulting in an approximate depth of
investigation of 4-5 m. No roll-along technique
was applied, as each survey line length was fixed
at 24 m. The dipole—dipole array was selected due
to its high sensitivity to lateral resistivity varia-
tions and suitability for imaging shallow hetero-
geneous environments.

Data acquisition

The geoelectrical survey was conducted us-
ing an RMSS Marcapada resistivity meter along
four survey lines, each extending 24 m with an
electrode spacing of 0.5 m. During data acquisi-
tion, field conditions along each line were sys-
tematically observed and documented, and the
coordinates of each survey line were recorded.
Prior to measurement, a stable working area was
prepared, and a measuring tape was laid out along
the predefined survey lines.
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Electrodes were installed at regular intervals
of 0.5 m and connected using electrode cables.
The instrument was powered and connected to
the electrode system, followed by the configu-
ration of measurement parameters, including
electrode arrangement, number of electrodes,
and spacing (Figure 3). A resistance check was
performed to ensure optimal electrode-ground
contact before initiating data acquisition. Once
the system was ready, measurements were car-
ried out, and the acquired data were automati-
cally stored in the device’s internal memory for
further processing.

Contact resistance was measured prior to
acquisition and maintained below 2 kQ. Elec-
trodes exceeding this threshold were reinstalled
or the soil was conditioned to improve contact.
Each measurement point was recorded using a
stacking factor of 3—5 cycles to improve signal
quality. Data acquisition was conducted under
dry weather conditions with relatively stable soil
moisture. Measurements were performed during
daytime (09:00-15:00) to ensure consistent en-
vironmental conditions. Repeated measurements
were performed at selected points to verify data
consistency, and unstable or noisy readings were
re-measured or removed during processing.

Data processing

The acquired data were initially stored in.dat
format. These data were then organized using Mi-
crosoft Excel by extracting key parameters such
as datum, electrode spacing, n-factor, and appar-
ent resistivity (Figure 4). The processed data were

subsequently saved in.txt format for inversion.
Data inversion was carried out using RES2D-
INV software, applying a least-squares inversion
method to generate two-dimensional resistivity
models (Figure 5). These models were used to
represent the spatial distribution of subsurface re-
sistivity (Eze et al., 2022; Loke, 2004).

A smoothness-constrained least-squares (L2-
norm) inversion scheme was applied. The inver-
sion process was iterated 4—6 times until the root
mean square (RMS) error was reduced below
25% or showed no significant improvement. De-
fault regularization parameters were used. Outlier
data points were removed prior to inversion based
on abnormal resistivity values and inconsistent
measurements. No topographic correction was
applied due to minimal elevation variation.

Data interpretation

Resistivity values measured in the field are
influenced by several subsurface properties, in-
cluding lithology, porosity, water content, and
ionic concentration. In general, materials with
high water content and dissolved ions tend to ex-
hibit lower resistivity values, while dry or com-
pact materials show higher resistivity (Syukri et
al., 2025b; Lowrie and Fichtner, 2020).

In the context of environmental contamina-
tion, zones affected by industrial wastewater typ-
ically display lower resistivity due to the pres-
ence of conductive fluids enriched with dissolved
ions. The interpretation of resistivity data in this
study was therefore guided by standard resistiv-
ity ranges for geological materials (Saputra et al.,

Figure 3. Data acquisition procedure using the RMSS Marcapada resistivity meter
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Figure 4. Data processing workflow in Microsoft Excel showing the extraction of datum, electrode spacing,
n-factor, and apparent resistivity parameters

2024; Reynolds, 2011), enabling the delineation
of lithological units and identification of poten-
tial contamination zones.

However, it is important to note that low re-
sistivity values may also be associated with clay-
rich lithologies or high natural moisture content.
Therefore, resistivity anomalies alone are not
considered definitive indicators of contamination
without supporting physicochemical data.

Laboratory analysis

Sediment sampling

Sediment samples were collected from Lines 3
and 4 to support geophysical interpretation through

physicochemical analysis. These locations were
selected based on their proximity to the river flow
and their high likelihood of contaminant accumu-
lation. Each sample was stored in a sealed plastic
bag to maintain its condition during transport.

Sample preparation

The collected samples were first dried to re-
move moisture content and ensure measurement
consistency. During drying, samples were cov-
ered to prevent contamination from the surround-
ing environment. After drying, the samples were
crushed and sieved using a 120-mesh sieve to ob-
tain a homogeneous and representative material
suitable for analysis (Figure 6).
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Figure 6. Laboratory preparation of sediment samples: (a) sieving using a 120-mesh sieve and
b) drying process prior to analysis

Laboratory measurement

Physicochemical parameters, including pH,
EC, and TDS, were measured using a Hanna
Combo Meter HI9813-6 (Figure 7). Each sedi-
ment sample was mixed with distilled water at a
ratio of 1:2.5 (w/v), homogenized, and allowed to
stabilize for 10—15 minutes at room temperature
(~25 °C). To ensure reproducibility and analyti-
cal reliability, each parameter was measured in
triplicate. The instrument was rinsed with dis-
tilled water between measurements to prevent
cross-contamination.

Data interpretation

To support the geophysical interpretation,
physicochemical analysis was conducted using
three key parameters: EC, pH, and TDS. These
parameters provide important information about
water quality and are commonly used as indica-
tors of contamination.

EC reflects the ability of water to conduct
electrical current, which is directly related to the
concentration of dissolved ions. Higher EC val-
ues generally indicate elevated ionic content and
deteriorated water quality (Nugroho et al., 2025).

The pH value represents the acidity or alka-
linity of water and typically ranges from 1 to 14.
Neutral water conditions fall within the range
of 6.5-8.5, while values outside this range may
indicate contamination or chemical imbalance
(Geetha et al., 2024). Variations in pH can be in-
fluenced by factors such as dissolved gases, car-
bonate content, and organic decomposition.

TDS represent the total concentration of
dissolved substances in water, including inor-
ganic salts and organic matter. High TDS levels
may indicate environmental pollution and can

negatively affect aquatic ecosystems. According
to established standards, TDS values exceeding
1000 mg/L are considered unsuitable for aquatic
life and may pose environmental risks (Rifai and
Harintaka, 2025).

RESULTS AND DISCUSSION

Geoelectrical data processing results

The geoelectrical data processing was con-
ducted through a series of systematic steps to con-
vert raw field measurements into reliable subsur-
face models. Initially, field data were organized
and prepared to ensure compatibility with the pro-
cessing software. The dataset was then imported
into RES2DINV to generate the measured appar-
ent resistivity pseudosection as the initial repre-
sentation of subsurface conditions (Figure 5).
Subsequently, forward modeling was performed
to obtain the calculated apparent resistivity pseu-
dosection for comparison with the field data. An
iterative inversion process using a least-squares
approach was applied to minimize the difference
between measured and calculated values, as indi-
cated by the RMS error. The final output is the in-
verse model resistivity section, which represents
the subsurface resistivity distribution and forms
the primary basis for geological and contamina-
tion interpretation across all survey lines.

Based on the processing results using RES-
2DINYV, all four survey lines show a maximum
investigation depth of approximately 4.9 m,
with resistivity values ranging from 2.63 Qm to
375 Qm. Each line produces three types of 2D
pseudosections, as presented in Figures 8 to 11.
The measured apparent resistivity pseudosection
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(a)

(b)

Figure 7. Measurement of physicochemical parameters (pH, EC, and TDS): (a) sample measurement procedure
and (b) Hanna Combometer HI9813-6 used in the analysis

represents the raw field data prior to inversion,
generally showing a dominant resistivity range of
9.82-22 Qm, with wider variations observed in
certain survey lines. The calculated apparent resis-
tivity pseudosection, generated through forward
modeling, presents a more constrained range of
9.82-98.8 Qm and reflects the modeled response
of the subsurface. Finally, the inverse model re-
sistivity section provides the most representative
subsurface condition, with values ranging from
low resistivity (2.63-9.82 Qm), typically associ-
ated with highly conductive zones, to moderate
resistivity (22.0-44.7 Qm). These general pat-
terns indicate consistent subsurface behavior with
localized anomalies interpreted as contamination
zones, which are further discussed in detail below.

Subsurface interpretation - Line 1

Based on the 2D inversion section shown
in Figure 8, three main subsurface layers can
be identified along Line 1. The shallow layer
at a depth of 0-0.5 m, extending from 0.75 m
to 22.75 m along the profile, exhibits resistivity
values ranging from 106 Qm to 174 QOm and is
interpreted as topsoil. This layer shows no in-
dication of contamination, suggesting relatively
stable near-surface conditions consistent with
field observations.

Beneath this, a clay layer dominates from 0.5
m to 4.9 m depth with resistivity values between
22.0 Qm and 98.8 Qm. Within this unit, a dis-
tinct low-resistivity anomaly (2.63-9.82 Qm) is
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observed between depths of 0.5 m and 4.2 m, ex-
tending laterally from approximately 1.5 m to 22
m. This anomaly is interpreted as a contaminated
clay layer, indicating the accumulation and lateral
spreading of conductive contaminants derived
from industrial wastewater infiltration.

At greater depths, a high-resistivity zone rang-
ing from 184 Qm to 376 Qm appears At greater
depths, a high-resistivity zone ranging from 184
Qm to 376 Qm appears between 1.9 m and 4.9
m depth, particularly between 9.5 m and 14.5 m
along the line. This zone is interpreted as com-
pact sandy gravel. The absence of low-resistivity
anomalies in this layer suggests that contamina-
tion has not penetrated this unit, likely due to re-
duced porosity and limited hydraulic connectivity.

Subsurface interpretation - Line 2

Based on the 2D inversion results shown in
Figure 9, three distinct subsurface layers are iden-
tified: topsoil, clay, and compact dry sandy grav-
el. The dominant feature is the clay layer, located
at depths ranging from 0.5 m to 4.5 m. Within
this unit, a significant low-resistivity anomaly is
observed between depths of 0.5 m and 4.3 m, ex-
tending laterally from 1.25 m to 22.25 m.

This zone is interpreted as contaminated clay,
demonstrating a continuous lateral plume consis-
tent with infiltration-driven contaminant trans-
port. The contamination pattern is particularly
pronounced at shallow depths (0.5-1.5 m), indi-
cating active near-surface infiltration processes.
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Figure 8. 2D inverse resistivity section of Line 1 illustrating the lateral and vertical variation
of subsurface materials, with low-resistivity zones indicating potential contamination and higher resistivity zones
representing more compact formations
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Figure 9. 2D inverse resistivity section of Line 2 illustrating the lateral and vertical variation of
subsurface materials, with low-resistivity zones indicating potential contamination and higher resistivity zones
representing more compact formations

The topsoil layer (0—0.5 m) and compact
sandy gravel at greater depths do not exhibit
contamination signatures, suggesting that con-
taminant migration remains largely confined
within the clay unit, similar to the pattern ob-
served in Line 1.

Subsurface interpretation - Line 3

Based on the 2D inversion section shown in
Figure 10, the subsurface consists of topsoil, clay,
and compact sandy gravel. Within the clay unit,
a low-resistivity anomaly is observed between
depths of 0.5 m and 3.3 m, extending laterally
from 1.25 m to 22.5 m.

Compared to Lines 1 and 2, the contamina-
tion pattern in Line 3 appears more concentrated.
This intensification is likely associated with lo-
calized hydrodynamic conditions and proximity

to direct industrial discharge sources, which en-
hance contaminant accumulation. The interac-
tion between river flow and the survey line ori-
entation likely promotes focused infiltration and
higher contaminant loading, resulting in a denser
anomaly signature.

Subsurface interpretation - Line 4

Figure 11 shows the 2D resistivity profile for
Line 4. Similar to other lines, three main layers are
identified: topsoil, clay, and compact sandy gravel.
A prominent low-resistivity anomaly is observed
within the clay layer between depths of 0.5 m and
3.8 m, extending laterally from 1.25 m to 22 m.

This anomaly is interpreted as a contaminant
plume, indicating persistent subsurface pollution
consistent across all survey lines. The repetition
of this pattern strengthens the interpretation that
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Figure 10. 2D inverse resistivity section of Line 3 illustrating the lateral and vertical variation of
subsurface materials, with low-resistivity zones indicating potential contamination and higher resistivity zones
representing more compact formations

contamination is not localized but regionally dis-
tributed within the study area.

Subsurface characterization and contaminant
distribution

Based on the resistivity ranges established by
Syukri et al. (2013), Reynolds (2011), and Telford
et al. (1990), the subsurface materials are primar-
ily associated with clay and dense sandy gravel.
This interpretation is corroborated by Dewi et al.
(2020), who identified similar lithological charac-
teristics in the Bandung Basin.

The zones impacted by industrial waste are
clearly delineated by significantly low resistiv-
ity values (2.63-9.82 Qm), indicating high ionic
concentration and enhanced electrical conductiv-
ity. These findings are consistent with Miswar
(2017) and Fitriani et al. (2021), confirming the
presence of heavy metal contamination.

A consistent low-resistivity anomaly ob-
served across all lines suggests the presence of
a continuous contaminant plume system, likely
facilitated by the hydrogeological properties of
the clay layer. Although clay typically acts as a
barrier, its partial permeability and fissuring can
enable slow but persistent contaminant migration
(Ashel et al., 2021).

This study highlights a key scientific finding:
the clay layer does not function solely as an im-
permeable barrier but also acts as both a contami-
nant storage medium and a preferential lateral
transport pathway, as evidenced by the repeated
anomaly distribution across all profiles.

The inversion results (Table 2) indicate that
the clay layer serves as the primary zone for
contaminant accumulation and lateral transport,
functioning as both a storage medium and a mi-
gration pathway for industrial effluents.

Topsoil

Dry Sandy
Gravel

Contaminated
Zone

Figure 11. 2D inverse resistivity section of Line 4 illustrating the lateral and vertical variation of
subsurface materials, with low-resistivity zones indicating potential contamination and higher resistivity zones
representing more compact formations
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Physicochemical analysis

To substantiate the resistivity anomalies ob-
served in the geophysical profiles, the physico-
chemical properties of the Cikijing River sedi-
ments were evaluated. Sediment samples were
strategically collected from two distinct loca-
tions: point sdm1, representing the upstream sec-
tor, and point sdm2, situated in the downstream
reach. The analysis focused on three critical en-
vironmental indicators — pH, EC, and TDS — to
determine the extent of industrial impact on the
riverine system. The analytical results for both
sampling stations are summarized in Table 3.

pH Level analysis

According to established environmental qual-
ity standards, non-polluted freshwater typically
maintains a pH range between 6.5 and 8.5 (Ki-
rana et al., 2026). However, the physicochemi-
cal results presented in Table 3. demonstrate that
both sdm1 and sdm?2 fall significantly outside the
permissible limits set by the Ministry of Health of
the Republic of Indonesia. The recorded pH val-
ues at these sampling points were 5.4 and 5.7, re-
spectively, categorizing the river water as acidic.

This acidification is likely attributed to el-
evated concentrations of dissolved heavy metals
within the study area (Putri and Afdal, 2023). The
presence of acidic conditions often enhances the
solubility and mobility of metallic ions, further

exacerbating the toxicological risk to the river-
ine environment. Consequently, based on the ob-
served pH levels, the Cikijing River exhibits clear
characteristics of severe contamination, rendering
the aquatic environment hazardous for the sur-
vival of local biota and detrimental to the overall
health of the ecosystem.

The analytical results presented in Table 3.
reveal that the highest EC occurs at station sdm1
(upstream), reaching an average value of 2.710
uS/cm. This elevated conductivity is likely at-
tributed to the proximity of industrial discharge
points in the upstream sector, leading to a high-
er concentration of dissolved ions. Specifically,
these high values are indicative of industrial ef-
fluents containing heavy metals — such as Pb, Zn,
Hg, As, Cd, and Cu — which significantly increase
the electrolytic capacity of the water and sedi-
ments (Fitriani et al., 2021).

Electrical conductivity (EC) analysis

According to established environmental qual-
ity standards, non-polluted freshwater typically
exhibits EC values below 500 uS/cm (Kirana et
al., 2026). However, the results from both sdml
and sdm?2 far exceed this recommended thresh-
old. This substantial deviation provides robust
evidence that the Cikijing River has undergone
severe anthropogenic contamination, as the mea-
sured conductivity levels are nearly five times
higher than the baseline safety limit.

Table 2. Summary of subsurface interpretation for lines 1, 2, 3, and 4

Survey Line Lateral distance (m) Depth (m) Interpretation
0.75-22.75 0-0.5 Topsoil
0.75-22.75 0.5-4.5 Clay

! 1.5-22.0 0.5-4.2 Contaminated clay
9.5-14.5 1.9-4.9 Dense sandy gravel
0.75-22.75 0-0.5 Topsoil
5 0.75-22.75 0.5-4.5 Clay
1.25-22.5 0.5-4.3 Contaminated clay
9.5-13.0 4.3-4.9 Dense sandy gravel
0.75-22.75 0-0.5 Topsoil
0.75-22.75 0.5-4.3 Clay
® 1.25-22.5 0.5-3.3 Contaminated clay
8.0-15.0 2.0-4.9 Dense sandy gravel
0.75-22.75 0-0.5 Topsoil
4 0.75-22.75 0.5-4.9 Clay
1.25-22.0 0.5-3.8 Contaminated clay
10.0-14.5 2.7-4.9 Dense sandy gravel
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Table 3. Physicochemical parameters: pH, EC, and TDS analysis of sediments

Sediment Sample Replicate pH EC (puS/cm) TDS (ppm)

1 5.3 2.78 > 1,999

sdm1 2 5.4 2.69 > 1,999

3 5.5 2.67 > 1,999

Average 5.4 2.71 > 1,999

1 5.7 2.41 > 1,999

sdm2 2 6.1 2.75 > 1,999

3 6.1 2.83 > 1,999

Average 5.7 2.66 > 1,999

Total dissolved solids (TDS) analysis

The analytical data from Table 3 reveals that
TDS concentrations at both sdm1 and sdm2 con-
sistently exceed 1,999 ppm, significantly surpass-
ing the permissible thresholds for clean water. Ac-
cording to the World Health Organization (WHO),
the upper limit for non-polluted freshwater is es-
tablished at 1.000 mg/L (or 1.000 ppm). This sub-
stantial elevation in TDS is likely driven by cumu-
lative industrial discharge over time, resulting in a
high load of dissolved organic and inorganic mat-
ter that significantly degrades water quality (Putri
and Afdal, 2023). Referencing the water quality
criteria established by Alabaster and Lloyd (2013),
the TDS levels in the Cikijing River fall within the
“critically poor and hazardous” category, provid-
ing definitive evidence of severe contamination.

Synthesis of geophysical and
physicochemical correlation

The laboratory analysis of sediment sam-
ples conclusively demonstrates that the Ciki-
jing River has undergone severe environmental
contamination. This is empirically evidenced by
the strong correlation between the anomalously
low resistivity values (2.63-9.82 Qm and the
degraded physicochemical parameters (pH, EC,
and TDS), all of which fall significantly outside
the regulatory safety thresholds for clean water.
Notably, the peak concentrations of these pollut-
ants are concentrated in the upstream sector, with
a slight attenuation observed in the downstream
reach. Despite this minor reduction, the down-
stream values remain well above the established
environmental quality standards, indicating per-
sistent anthropogenic loading.

The high TDS and EC values recorded in the
contaminated layers are directly linked to the in-
creased ionic concentration within the riverine
system. As the concentration of dissolved ions
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rises, the electrolytic conductivity of the medium
increases, which inversely reduces the bulk resis-
tivity of the subsurface strata. Furthermore, this
elevated ionic load — likely associated with heavy
metal enrichment — contributes to the acidifica-
tion of the water, resulting in the observed low
pH levels. Therefore, a clear physical relationship
is established: resistivity exhibits a direct cor-
relation with pH, while maintaining an inverse
relationship with both EC and TDS. This multi-
parameter alignment validates the use of electri-
cal resistivity tomography as a robust proxy for
mapping industrial contaminant plumes in clay-
dominated environments.

CONCLUSIONS

The integrated electrical resistivity and physi-
cochemical analysis provides consistent evidence
of shallow subsurface alteration associated with
anthropogenic inputs in the Cikijing river area.
Subsurface resistivity measurements range from
2.63 Qm to 375 Qm, with persistent low-resistiv-
ity zones (2.63-9.82 Qm) identified at depths of
approximately 0.5—4.3 m across all survey lines.
These anomalies are laterally continuous (ap-
proximately 1.0-22.5 m) and confined within a
clay-dominated layer, indicating a laterally exten-
sive conductive zone rather than isolated features.
Sediment physicochemical analyses support the
geophysical observations, with EC values up to
2.710 uS/em, acidic pH (5.4-5.7), and TDS ex-
ceeding 1,999 ppm. These values exceed common
environmental thresholds and indicate significant
ionic enrichment within the system, rather than
directly confirming specific contaminants. The
agreement between low-resistivity zones and el-
evated EC/TDS suggests that pore-fluid conduc-
tivity is a dominant control on the geoelectrical
response; however, this relationship is interpreted
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qualitatively and has not been statistically quanti-
fied. The results indicate that the clay layer func-
tions as a key medium for contaminant retention
and lateral migration, although this interpretation
remains indirect and may also reflect natural con-
trols such as clay content, surface conductivity,
and moisture variability. Overall, this study dem-
onstrates that electrical resistivity tomography,
integrated with basic physicochemical analysis,
provides a reliable first-order approach for delin-
eating subsurface electrical anomalies potentially
associated with anthropogenic contamination in
alluvial environments, without overstating defini-
tive causation. Importantly, the repeatability of
anomaly patterns across multiple profiles high-
lights the robustness of the integrated approach
for preliminary environmental assessment in
data-limited settings. However, further validation
using direct geochemical tracers is required to
fully constrain the origin and composition of the
observed anomalies.
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