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This study assessed the water quality status of the Pangkajene River using
the STORET method based on physical, chemical, and biological
parameters. The research employed a quantitative descriptive-evaluative
approach using 11 water quality parameters measured at 12 sampling points
representing the upstream, middle, and downstream sections of the river.
The observed parameters were compared with Class II water quality
standards established under Government Regulation No. 22 of 2021. Water
quality status was determined using the STORET scoring system to identify
pollution levels and dominant parameters contributing to water quality
degradation. The results showed that the Pangkajene River was classified
as lightly to moderately polluted, with STORET scores ranging from —8 to
—20. No sampling points were categorized as having good water quality or
heavy pollution. Chemical Oxygen Demand (COD) was the main
parameter exceeding the quality standard across all sampling points,
followed by Total Suspended Solids (TSS), turbidity, Biological Oxygen
Demand (BOD), and Escherichia coli. In contrast, pH, Dissolved Oxygen
(DO), nitrate, phosphate, and Total Dissolved Solids (TDS) generally
remained within acceptable limits. Higher pollution levels were observed in
the middle and downstream sections of the river, indicating the influence of
human activities along the watershed. These findings highlight the need for
improved watershed management and pollution control measures to
support sustainable water resource management and contribute to the
achievement of SDG 6 related to water quality improvement.

How to cite: Nasrul, N. (2026). Water Quality Status of the Pangkajene River: A STORET-Based Assessment. Jambura Geoscience
Review,8(2), 302-315. https://doi.org/10.37905/jgeosrev.v8i2.38368

1. INTRODUCTION

The Pangkajene River is an important water resource that supports domestic, agricultural,

fisheries, and economic activities in Pangkajene Regency, South Sulawesi, Indonesia. In recent
years, increasing population growth, settlement expansion, and land-use activities along the river
basin have raised concerns regarding declining water quality (Lestari & Nugraheni, 2024; Nasrul,
Amdah, et al., 2024; Nurlilasari et al., 2024; Permata et al., 2024). These activities may introduce
pollutant loads into the river system, affecting its physical, chemical, and biological characteristics
and reducing its suitability for various water uses (Nasrul, Erman, et al., 2026; Samputri, et al.,
2026).

Despite its importance, information on the current water quality status of the Pangkajene River
remains limited, particularly across different sections of the river (Nasrul, Qaiyimabh, et al., 2024;
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Zhang et al., 2025). A comprehensive assessment is needed to identify the level of pollution and
determine the dominant parameters contributing to water quality degradation. Therefore, this
study assesses the water quality status of the Pangkajene River using the STORET method based
on physical, chemical, and biological parameters measured at upstream, middle, and downstream
locations. The results provide baseline information for river pollution control and sustainable
watershed management. In a broader context, improving river water quality contributes to the
objectives of Sustainable Development Goal (SDG) 6 concerning water quality improvement and
sustainable water resource management (Maru et al., 2025; Nasrul, Amal, et al., 2024; Qaiyimah
et al., 2025; N. Tuan et al., 2023; Zhang et al., 2025).

In the Indonesian context, river water quality issues are becoming increasingly complex with
population growth and the intensification of economic activity. Various studies have shown that
river water quality in various regions has declined from its natural state to mild to moderate
pollution, characterized by increases in parameters such as Biological Oxygen Demand (BOD),
Chemical Oxygen Demand (COD), and a decrease in Dissolved Oxygen (DO)
(Mohammadnezhad et al., 2023; Nasrul, Arfan, et al., 2024; Ruliana et al., 2025). This condition
indicates a pollution load that exceeds the river's environmental carrying capacity. Furthermore,
water quality is greatly influenced by regional conditions and the activities of surrounding
communities, making spatial and geographic approaches crucial in understanding the distribution
of pollution and its contributing factors (Fatihah et al., 2025; Nasrul et al., 2026; Pratama et al.,
2020; Yang et al., 2021). Therefore, water quality analysis requires not only a laboratory approach,
but also the integration of a geographical perspective to examine the relationship between human
activities, regional characteristics, and environmental dynamics.

The Pangkajene River, one of the local river systems in South Sulawesi, plays a vital role in
supporting the livelihoods of the local community. However, like other rivers in Indonesia, the
Pangkajene River faces pressures from land use changes and anthropogenic activities in the
surrounding area (Alimuddin et al., 2024; Thoha et al., 2021). A study by Rasyid et al., (2025) in
the same area showed that the quality of river water in Pangkajene and Kepulauan Regency had
decreased with indications of pollution measured through various physical and chemical
parameters. This condition emphasizes the need for a more comprehensive study to understand the
status of water quality spatially and ecologically. From a conservation geography perspective,
water quality analysis focuses not only on pollution levels, but also on efforts to maintain ecosystem
sustainability through area-based management and water resource conservation (Hidiya et al.,
2025; Narendra et al., 2021; Nasrul, Nur, et al., 2025; Nasrul, Qaiyimah, et al., 2025).

Although numerous studies have examined river water quality, most have focused on assessing
physicochemical characteristics and determining pollution status using water quality indices or
descriptive approaches. Previous studies, including Nasrul, Amal, et al. (2024), have provided
important information on water quality conditions; however, comprehensive assessments
identifying pollution status and dominant pollutant parameters across different sections of the river
remain limited in the Pangkajene River watershed. In addition, local-scale evidence on river water
quality that can support watershed management and water resource planning is still insufficient.

This study addresses this gap by assessing the water quality status of the Pangkajene River using
the STORET method based on physical, chemical, and biological parameters measured at
upstream, middle, and downstream locations. The study also identifies the dominant parameters
contributing to water quality degradation across the river system. The findings provide baseline
scientific information for river pollution control, watershed management, and sustainable water
resource planning. In a broader context, improving river water quality is relevant to the objectives
of Sustainable Development Goal (SDG) 6, particularly efforts to enhance water quality and reduce
pollution.

2. METHOD

2.1. Type and Research Location

This study employed a quantitative approach with a descriptive-evaluative design to assess the
water quality status of the Pangkajene River. The quantitative approach was selected to objectively
measure water quality parameters and compare the observed values with established water quality
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standards. The descriptive-evaluative design was used to describe existing water quality conditions
and evaluate pollution levels based on regulatory criteria. Water quality assessment was conducted
using the STORET method, which determines water quality status through a scoring system based
on deviations of measured parameters from applicable water quality standards. The analysis
included physical, chemical, and biological parameters collected from sampling locations
representing the upstream, middle, and downstream sections of the river. STORET scores were
then used to classify water quality conditions and identify the dominant parameters contributing
to pollution. This approach provides a systematic evaluation of river water quality and enables
comparisons among different sections of the river. The results serve as baseline information for
identifying pollution conditions and supporting river management and water resource planning
within the Pangkajene River watershed.

This research was conducted on the Pangkajene River, located in Pangkajene and Kepulauan
Regency, bordered by the administrative area of Pangkajene District, South Sulawesi Province,
Indonesia. This river is a vital water resource utilized by the community for various needs, such as
agricultural irrigation, fisheries, and domestic activities.
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Figure 1. Administrative Location Map of Pangkajene Subdistrict

2.2. Population and Sample

The population in this study was located along the Pangkajene River, which is bordered by the
administrative area of Pangkajene District, Pangkep Regency. Sampling points that would
represent the entire population were determined purposively, taking into account the characteristics
of the study area. In this study, samples were taken from 12 sampling points along the Pangkajene
River, which is bordered by the administrative area of Pangkajene District. The number of
sampling points was determined by considering the representation of each river segment (upstream,
middle, and downstream), so that variations in water quality conditions could be identified
comprehensively.

Thus, the use of purposive sampling with 12 sampling points was not only based on practical
considerations but also on scientific considerations to obtain representative and reliable data that
comprehensively reflect the water quality conditions of the Pangkajene River. Water sampling was
conducted during November—December, corresponding to the rainy season in the study area.
Sampling activities were carried out under hydrological conditions characterized by a transition
from low tide to rising tide (flood tide), which may influence the distribution and mixing of water
quality parameters, particularly in downstream sections affected by tidal processes. All sampling
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locations were selected to represent the upstream, middle, and downstream segments of the river.
The spatial distribution of the sampling points is presented in Figure 2.
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Figure 2. Sampling Point Locations of Pangkajene Rivers

2.3. Data Analysis

This study employed the STORET (Storage and Retrieval) method to evaluate water quality
status by comparing measured water quality parameters with the Class II water quality standards
established in Government Regulation No. 22 of 2021. The STORET method was selected because
it provides a systematic framework for assessing water quality conditions based on the degree of
deviation of observed parameters from the applicable standards and allows the identification of
dominant pollutants affecting river water quality.

In this method, each parameter that complies with the water quality standard is assigned a score
of 0, whereas parameters exceeding the standard receive negative scores according to the STORET
scoring criteria. The penalty scores are determined based on the type of parameter (physical,
chemical, or biological) and the statistical characteristics of the observed data, including maximum,
minimum, and average values. For datasets containing fewer than ten observations, deviations
from the quality standard are assigned penalty scores ranging from —1 to —3 for physical
parameters, —2 to —6 for chemical parameters, and —3 to —9 for biological parameters. The
individual parameter scores are then summed to obtain the overall STORET score, which is
subsequently used to classify water quality status into good condition (score = 0), lightly polluted
(—1 to —10), moderately polluted (=11 to —30), and heavily polluted (< —30). The detailed
STORET scoring matrix used in this study is presented in Table X (Ramadhawati et al., 2021.

The analysis stage begins with measuring water quality parameters, including physical
parameters (temperature, total suspended solids, total dissolved solids, turbidity), chemical
parameters (pH, dissolved oxygen, biochemical oxygen demand, chemical oxygen demand,
nitrate, and phosphate), and biological parameters (total coliform). The measurement data is then
compared with water quality standards based on their intended use, as stipulated in applicable
national regulations. The established standards refer to Government Regulation Number 22 of
2021, Class II. Class II classification was chosen because it aligns with the water's intended use for
aquatic recreation, freshwater fish farming, livestock, and irrigation. The standards are as follows.
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Table 1. Class IT Water Quality Standards

Parameters Unit Class II Description Sampling Methods

Quality

Standard
Temperature °C Deviation of ~ Natural Insitu

+3 temperature

variation
pH - 6-9 Degree of acidity Insitu
Dissolved Oxygen = mg/L >4 Dissolved Titrimetric
(DO) oxygen level
Biochemical mg/L <3 Organic load Titrimetric
Oxygen Demand
(BOD)
Chemical Oxygen  mg/L <25 Chemical Titrimetric
Demand (COD) oxygen demand
Total Suspended mg/L <50 Suspended solids Gravimetry
Solids (TSS)
Total Dissolved mg/L < 1000* Dissolved solids ~ Gravimetry
Solids (TDS)
Turbidity NTU <25% Water turbidity =~ Turbidimeter
level
Nitrate (NO3) mg/L <10 Nutrient Spektrophotometry
Phosphate (PO,) mg/L <0.2 Nutrient Spektrophotometry
E.coli MPN/100 <5000 Biological MPN
mL indicator

Next, each parameter is assigned a score based on its level of compliance with the quality
standard. Parameters that meet the quality standard are given a score of 0, while parameters that
exceed the quality standard are given a negative score according to the level of violation. The
greater the deviation from the quality standard, the greater the negative score assigned. This scoring
system allows for identification of the dominant parameters contributing to pollution.

The total STORET score is calculated by adding up all the scores for each water quality
parameter, as formulated as follows:

S = Z;sl €Y)

where S is the total STORET score, s_i is the score for each parameter, and n is the number of
parameters analyzed.

Based on the total score, water quality status is classified into four categories: (1) a score of 0
indicates good condition or meets quality standards; (2) a score between -1 and -10 is categorized
as lightly polluted; (3) a score between -11 and -30 is categorized as moderately polluted; and (4) a
score below -30 is categorized as heavily polluted.

3. RESULTS AND DISCUSSION

3.1. Results

Based on laboratory analysis, the Pangkajene River's water quality was evaluated at twelve
sampling points using physical, chemical, and biological parameters. Physical parameters included
temperature, TSS, TDS, and turbidity; chemical parameters included pH, DO, BOD, COD,
nitrate, and phosphate; the biological parameter was E. coli presence. Results showed variations
among sampling points, especially in TSS, turbidity, COD, and E. coli, providing a basis for
assessing pollution and environmental quality of the Pangkajene River.
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Table 2. Laboratory test results data

Point Temperature TSS  TDS Turbidity pH DO BOD COD NO3 PO4 E.coli
1 20.8 440 89.3 35.1 7.36 7.68 2.88 392.5 0.0195 0.0232 1565.0
2 20.4 29.0 93 38.7 7.61 6.40 3.84 340.5 0.0172 0.0252 2755.0
3 20.2 56.0 93.7 68.8 7.78 6.40 3.84 395.5 0.0179 0.0252 2755.0
4 20.6 38.0 936 59.3 79 7.04 1.60 381.0 0.0195 0.0229 2489.0
5 21 42.0 98 61.9 7.8 7.04 2.24 363.5 0.0172 0.0256 2809.0
6 20.1 6960.0 98.8 68.9 8.05 6.72 3.20 469.0 0.0202 0.0269 1722.0
7 20.6 4288.0 95.8 71.5 7.94 7.68 2.88 410.0 0.0210 0.0238 2603.0
8 20.4 3239.0 102.6 67.6 7.92 8.64 5.44 410.5 0.0141 0.0266 1670.0
9 20.6 4058.0 1159 74.9 7.93 6.08 1.28 508.5 0.0164 0.0222 3441.0
10 20.1 880.0 122.5 20.1 7.94 6.40 2.56 269.5 0.0102 0.0247 4106.0
11 20 1032.0 127.3 20 7.99 7.36 3.84 345.0 0.0149 0.0259 4611.0
12 20.2 876.0 126.4 20.2 7.95 7.68 3.52 350.5 0.0133 0.0235 3654.0

The water quality analysis of the Pangkajene River was conducted by comparing measurement
data at 12 sampling points with class II water quality standards based on Government Regulation
Number 22 of 2021. The parameters analyzed included physical, chemical, and biological aspects,
then evaluated using the STORET method to determine the water quality status. The STORET
score results at each point are presented in the following table.

Table 3. STORET Scoring Results for All Sampling Points

Sampling (A1) (A2) (A3) (Ad) (A5) (A6) (A7) (A8) (A9) (Al0) (All)

Total Water

Point Score Quality
Status

1 0 0 0 30 0 S0 0 0 -8 Lightly
polluted

2 0 0 0 30 35 0 0 0 -11  Moderately
polluted

3 0 30 S0 35 0 0 0 -16  Moderately
polluted

4 0 0 0 30 0 S50 0 0 -8 Lightly
polluted

5 0 0 0 30 0 S50 0 0 -8 Lightly
polluted

6 0 S0 S0 35 0 0 0 -18  Moderately
polluted

7 0 S0 S0 0 S0 0 0 -15  Moderately
polluted

8 0 S0 S0 S50 0 0 -20  Moderately
polluted

9 0 S0 S0 0 S50 0 0 -15  Moderately
polluted

10 0 S0 0 0 0 S50 0 -3 -13  Moderately
polluted

11 0 S0 0 0 35 0 0 -3 -16  Moderately
polluted

12 0 S0 0 0 35 0 0 0 -13  Moderately
polluted

The water quality parameters analyzed in this study consist of physical, chemical, and biological
parameters, which are coded from Al to All; (Al) Temperature, (A2) TSS, (A3) TDS, (A4)
Turbidity, (A5) pH, (A6) DO, (A7) BOD, (A8) COD, (A9) NO3, (A10) PO4, (A11) E.Coli.
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The STORET-based assessment of water quality across the 12 sampling points indicates a clear
spatial variation in compliance with Class II water quality standards. The calculated STORET
scores range from -8 to -20, demonstrating that none of the sampling locations meet the “good”
(unpolluted) category. Instead, all sampling points fall within the lightly to moderately polluted
classifications based on the applied STORET criteria. Specifically, three sampling points (Points 1,
4, and 5) are classified as lightly polluted, each with a total STORET score of -8. In contrast, the
majority of the sampling points (Points 2, 3,6, 7, 8, 9, 10, 11, and 12) are categorized as moderately
polluted, with scores ranging from -11 to -20. The lowest water quality conditions were recorded
at Points 8, 3, and 11, with scores reaching -20 and -16, indicating higher cumulative deviations
from the Class II standards.

A parameter-level evaluation revealed that Chemical Oxygen Demand (COD) consistently
exceeded the permissible threshold (< 25 mg/L) across all sampling points, resulting in the highest
penalty scores and identifying COD as the dominant parameter contributing to water quality
degradation. In addition, turbidity exceeded the water quality standard at several sampling
locations, particularly in the middle and downstream sections of the river, contributing negative
STORET scores across multiple sites. Total Suspended Solids (TSS) also exhibited spatial
variation, with lower concentrations generally observed in upstream areas and higher
concentrations recorded at several middle and downstream sampling points, where additional
penalty scores were assigned. These results indicate differences in water quality conditions among
river sections. The Biochemical Oxygen Demand (BOD) parameter exceeded the quality standard
at several sampling points, particularly in the middle and downstream sections, contributing further
negative scores to the overall STORET assessment. Furthermore, E. coli concentrations exceeded
the permissible limit at downstream sampling points (Points 10-12), indicating microbial
contamination at these locations and contributing to the deterioration of overall water quality
status.

In contrast, several parameters remained consistently within acceptable limits across all
sampling points. These include temperature, pH, dissolved oxygen (DO), nitrate (NO3), phosphate
(PO,), and total dissolved solids (TDS), all of which recorded compliant values and did not
contribute to STORET scoring. This indicates that not all physicochemical and biological
parameters are equally affected within the study area. Overall, the cumulative negative scores
generated from COD, turbidity, TSS, BOD, and E. coli result in a consistent classification of lightly
to moderately polluted conditions across the river system. The observed variation in STORET
scores reflects differences in the magnitude and combination of parameter exceedances along the
spatial gradient, rather than isolated extreme pollution events at specific points.

Specifically, the occurrence of pollution in the calculation results in Table 4 above is caused by
the presence of certain parameters that are most dominant in influencing the high concentration of
pollution load at each sampling point. These are as follows.

Table 4. STORET Score Results and Water Quality Status

Sampling | Dominant Parameters STORET Score Water Quality Status
Point Exceeding Standards

1 COD, Turbidity -8 Lightly polluted

2 COD, BOD, Turbidity -11 Moderately polluted
3 COD, TSS, BOD, Turbidity | -16 Moderately polluted
4 COD, Turbidity -8 Lightly polluted

5 COD, Turbidity -8 Lightly polluted

6 COD, TSS, Turbidity, BOD | -18 Moderately polluted
7 COD, TSS, Turbidity -15 Moderately polluted
8 COD, TSS, BOD, Turbidity | -20 Moderately polluted
9 COD, TSS, Turbidity -15 Moderately polluted
10 COD, TSS, E. coli -13 Moderately polluted
11 COD, TSS, BOD, E. coli -16 Moderately polluted
12 COD, TSS, BOD -13 Moderately polluted
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3.2. Discussion

3.2.1. Water Quality Status of the Pangkajene River

The STORET assessment revealed that the water quality of the Pangkajene River falls within
the lightly to moderately polluted classification, with STORET scores ranging from -8 to -20. None
of the monitoring stations were categorized as either good quality or heavily polluted, suggesting
that although the river ecosystem has been subjected to considerable environmental pressure, it has
not yet reached a critical level of degradation. These findings indicate that the river is currently
experiencing a moderate level of ecological disturbance, where essential ecosystem processes
remain functional but the river’s ability to naturally assimilate and dilute pollutant inputs has begun
to decline.

The dominance of moderately polluted status at most points (Points 2—12) indicates the spatial
accumulation of pollutant loads along the river course. This finding aligns with various studies in
Indonesia showing that rivers in urban and peri-urban areas tend to be moderately polluted due to
a combination of domestic, agricultural, and small-scale industrial activities. Research on the
Brantas, Citarum, and Bengawan Solo Rivers shows that the STORET method consistently
classifies these rivers as moderately to heavily polluted, primarily due to high organic and
suspended solid loads (Afifah et al., 2025; Brantas & Bumiaji, 2019). Another study also confirmed
that water quality degradation in Indonesian watersheds is greatly influenced by the combination
of COD, TSS, and BOD as the main parameters determining water quality status (Carrolina et al.,
2025; Swandani et al., 2023).

In the context of the Pangkajene River, Chemical Oxygen Demand (COD) emerged as the most
dominant parameter causing a decline in STORET scores across all observation points. COD
values consistently exceeding quality standards indicate a high and persistent load of organic and
chemical materials. This condition indicates that the river receives input from domestic waste and
possibly anthropogenic runoff that has not been optimally processed (Anawar & Chowdhury, 2020;
Bonistawska et al., 2024; Razif, 2022). Recent studies by Rizqi et al., (2021) shows that COD is the
most sensitive indicator in detecting river water quality degradation because it represents the total
oxidative load of organic and inorganic pollutants.

In addition to COD, increases in Total Suspended Solids (TSS) and turbidity at several points,
particularly in the middle to downstream areas, indicate a significant contribution from suspended
material. This is generally related to land erosion, construction activities, and surface runoff from
built-up areas. Research in tropical watersheds shows that increases in TSS are significantly
correlated with changes in land cover and intensification of land use around rivers (Zong et al.,
2021). This condition is also reinforced by studies Nasrul, Arfan, et al., (2024) which states that
turbidity and TSS are early indicators of hydrological degradation due to anthropogenic
disturbances in river systems.

Overall, these results indicate that the Pangkajene River is in an ecological transition phase from
a relatively stable state to a stressed state, where the river's self-purification capacity begins to
decline due to the accumulation of pollutant loads. Hydrological studies show that when COD and
TSS loads increase simultaneously, the river's ability to carry out natural decomposition will
decrease significantly, ultimately accelerating the process of water quality degradation (Postigo et
al., 2021).

3.2.2. Water Quality of the Pangkajene River in a Conservation Geography Perspective

From a conservation geography perspective, the water quality of the Pangkajene River reflects
a complex interaction between the physical system of the watershed (DAS) and anthropogenic
activities within spatial units of land use. The observed spatial pattern of water quality degradation
from upstream to downstream indicates a clear environmental pressure gradient, which is strongly
associated with increasing land-use intensity and human settlement expansion along the river
corridor.

The increase in Total Suspended Solids (TSS) and turbidity in the midstream and downstream
sections indicates a strong contribution from surface runoff processes, soil erosion, and domestic
discharge inputs. This pattern is consistent with studies showing that land-use change—particularly
the conversion of vegetated areas into settlements and agricultural land—significantly increases
sediment load and reduces river water quality through enhanced erosion and nutrient transport
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processes (Clark et al., 2022; Wang et al., 2018). Similar findings in tropical watershed systems
demonstrate that impervious surface expansion is positively correlated with increased TSS and
decreased ecological integrity of river systems (Clark et al., 2022).

These findings also align with the river continuum concept and river degradation framework,
which suggests that rivers function as longitudinal systems that progressively accumulate ecological
pressures along their flow path. In the case of the Pangkajene River, the observed deterioration
pattern indicates that the river is experiencing cumulative stress accumulation, where pollutants
from upstream and local inputs in midstream areas are transported and intensified toward
downstream sections. Recent hydrological studies emphasize that river systems in developing
regions often exhibit such cumulative degradation patterns due to insufficient waste management
and weak spatial planning integration (Brose et al., 2013).

Furthermore, the dominance of parameters such as COD, TSS, BOD, and nutrients (NOz and
PO,) reflects a typical signature of anthropogenically influenced river systems in rapidly developing
regions. COD, in particular, indicates a high organic and chemical load derived from domestic
wastewater and small-scale economic activities. Studies have consistently shown that COD is one
of the most sensitive indicators of anthropogenic pollution in river ecosystems due to its direct
relationship with organic waste decomposition and oxygen demand processes (Clark et al., 2022;
Luo et al., 2021; Hamad et al., 2025).

From a conservation geography standpoint, the degradation of water quality in the Pangkajene
River is not merely a physicochemical phenomenon but represents a failure of spatial ecological
governance within the watershed system. The increasing dominance of built-up areas and reduced
riparian buffer zones have weakened the river’s ecological resilience and its ability to perform self-
purification functions. Similar conditions have been reported in other Indonesian watersheds,
where land-use fragmentation significantly reduces ecosystem services provided by river systems
(Allan, 2004).

3.2.3. Implications for Sustainable Development Goal 6 (Clean Water and Sanitation)

The findings of this study are relevant to water quality monitoring efforts associated with
Sustainable Development Goal (SDG) 6, particularly Target 6.3, which emphasizes improving
water quality through pollution reduction and better wastewater management. The STORET-
based assessment classified the Pangkajene River as lightly to moderately polluted, indicating that
several measured parameters exceeded the applicable water quality standards. These results
provide baseline information on current river conditions and can support future monitoring
programs aimed at tracking changes in water quality over time.

The observed exceedances of Chemical Oxygen Demand (COD), Total Suspended Solids
(TSS), turbidity, and other parameters highlight aspects of water quality that may require
management attention. Similar water quality issues have been reported in many river systems in
developing regions, where elevated concentrations of organic matter, suspended solids, and other
pollutants are frequently observed (Hendro, 2022). However, the present study did not directly
assess pollution sources or the specific factors contributing to the observed water quality conditions.
Therefore, further investigations incorporating land-use, hydrological, and pollution source
analyses are needed to better understand the drivers of water quality degradation within the
Pangkajene River watershed.

From a management perspective, the findings contribute baseline data that may assist local
stakeholders in evaluating water quality conditions and prioritizing future monitoring and
pollution control efforts. Although this study does not directly assess SDG 6 indicators, the results
provide information that is relevant for supporting long-term water quality management initiatives
aligned with SDG 6 objectives. (Hendro, 2022). Similar patterns have been documented in
Southeast Asian river systems, where rapid urban expansion without adequate wastewater
infrastructure leads to continuous deterioration of surface water quality (Chen et al., 2022; Trinh
et al., 2024; A. Tuan & Sharp, 2022).

The presence of Escherichia coli (E. coli) in downstream sampling points further strengthens
the public health dimension of river pollution in the study area. This finding is particularly relevant
to SDG Target 6.1, which focuses on universal and equitable access to safe and affordable drinking
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water. The detection of microbial contamination indicates the potential infiltration of untreated
domestic sewage into the river system, which poses a direct risk to downstream water users. Studies
have shown that elevated E. coli concentrations in river systems are strongly correlated with
inadequate sanitation infrastructure and ineffective wastewater management in peri-urban and
rural-urban interface zones (Kim et al., 2025; Widmer et al., 2013).

From a watershed governance perspective, the results highlight that fragmented and non-
integrated river basin management significantly constrains progress toward SDG 6. The absence
of effective spatial control over pollution sources along the river continuum leads to cumulative
environmental loading from upstream to downstream sections. Recent studies emphasize that
integrated water resources management (IWRM) is a critical governance framework required to
achieve SDG 6, particularly in regions where land-use change and population growth are rapid and
unregulated (Ramadhawati et al., 2021).

Overall, the results of this study demonstrate that the achievement of SDG 6 in the Pangkajene
River basin remains constrained by structural environmental management challenges, particularly
in the control of domestic wastewater discharge, sediment management, and organic pollution.
Without integrated watershed-based interventions, the river is likely to remain in a persistent state
of moderate ecological stress, thereby limiting progress toward sustainable water quality targets.

4. CONCLUSIONS

This study assessed the water quality status of the Pangkajene River using the STORET method
based on physical, chemical, and biological parameters measured at 12 sampling points. The results
showed that the river was classified as lightly to moderately polluted, with STORET scores ranging
from —8 to —20. No sampling locations were categorized as having good water quality or heavy
pollution. Chemical Oxygen Demand (COD) was identified as the dominant parameter exceeding
the applicable water quality standard across all sampling points, followed by Total Suspended
Solids (TSS), turbidity, Biochemical Oxygen Demand (BOD), and Escherichia coli at several
locations. In contrast, temperature, pH, dissolved oxygen, nitrate, phosphate, and total dissolved
solids generally remained within the established standards. These findings provide baseline
information on the current water quality condition of the Pangkajene River and may support future
water quality monitoring, pollution control, and watershed management efforts. Future studies
should incorporate long-term monitoring and additional environmental variables, such as land use,
hydrological conditions, and spatial analysis, to better understand factors associated with
variations in river water quality and to support more comprehensive watershed management
planning.

5. ACKNOWLEDGMENTS

The authors would like to express their sincere gratitude to the Indonesia Endowment Fund for
Education (LPDP), Ministry of Finance of the Republic of Indonesia, for the financial support
provided through the scholarship program. This support significantly contributed to the completion
of the study, including data collection, analysis, manuscript preparation, and publication of this
article. The authors also appreciate all individuals and institutions who provided academic and
technical assistance throughout this research.

6. REFERENCES

Afifah, N. A., Triyadi, R. A., Lukito, H., Wicaksono, A. P., Waisnawal, I. P. G. B., & Mulyana,
A. (2025). Perbandingan Status Mutu Air Sungai Bengawan Solo 2020 — 2022 dengan
Metode STORET dan Metode Indeks Pencemaran. Jurnal llmu Lingkungan, 23(3), 742-750.
https://doi.org/10.14710/jil.23.3.742-750

Alimuddin, A., Rijal, F., Nenny, N., & Latief, F. (2024). Pengaruh kecepatan aliran terhadap
sedimen melayang dan sedimen dasar sungai pangkajene kabupaten pangkajene dan
kepulauan. Journal Teknik Hidro, 17(2), 26-34.
https://doi.org/https://doi.org/10.26618/th.v17i2.16193

Copyright © 2026 The Authors. Published by Department of Earth Science and Technology, Universitas Negeri Gorontalo
This work is licensed under a Creative Commons Attribution (CC-BY) 4.0 International License.

311


https://doi.org/10.14710/jil.23.3.742-750
https://doi.org/https:/doi.org/10.26618/th.v17i2.16193

doi: 10.37905/jgeosrev.v8i2.38368 ) ejurnal.ung.ac.id/index.php/jgeosrev

JAMBURAO

................

Allan, J. D. (2004). Landscapes and Riverscapes: The Influence of Land Use on Stream
Ecosystems. Anual Review of Ecology, Evolution, and Sistematics, 35, 257-284.
https://doi.org/10.1146/annurev.ecolsys.35.120202.110122

Anawar, H., & Chowdhury, R. (2020). Remediation of Polluted River Water by Biological ,
Chemical , Ecological and Engineering Processes. Sustainability, 12, 7017.
https://doi.org/10.3390/sul2177017

Bonistawska, M., Nedzarek, A., Rybczyk, A., & Ta’nski, A. (2024). The Influence of
Anthropogenic Pollution on the Physicochemical Conditions of the Waters of the Lower
Section of the S ap . 0 Ina River. Water, 16(35).
https://doi.org/https://doi.org/10.3390/w16010035

Brantas, S., & Bumiaji, K. (2019). Pemetaan distribusi kualitas air untuk mendukung pengelolaan
sumberdaya perairan dengan sistem informasi geografis, kasus di sungai brantas, kecamatan
bumiaji. Journal ~ of  Fisheries  and  Marine  Research, 3(3), 372-380.
https://doi.org/https://doi.org/10.21776/ub.jfmr.2019.003.03.13

Brose, D. A., Kumar, K., Liao, A., Hundal, L. S., Tian, G., Cox, A., Zhang, H., & Podczerwinski,
E. W. (2013). A Reduction in Triclosan and Triclocarban in Water Resource Recovery
Facilities” Influent, Effluent, and Biosolids Following the U.S. FDA’s 2013 Proposed
Rulemaking on Antibacterial Products. Water Environment Research, 91, 715-721.
https://doi.org/https://doi.org/10.1002/wer.1101

Carrolina, D., Reza, M., Ramadhan, M. R., Maulidina, R., Azzahra, T., & Situmorang, M. T. N.
(2025). Evaluasi Kualitas Air Berdasarkan Parameter BOD, COD, TSS, DO, pH, E-Coli
Sungai Citarum di Sekitar Kawasan Industri Karawang. Jurnal Pengembangan Dan Penelitian
Pendidikan, 07(3), 23-31. https://journalversa.com/s/index.php/jppp%0AVol.

Chen, S. S., Aaron, 1., Cheng, K., Qiushi, Y., & Qun, S. (2022). Assessment of urban river water
pollution with urbanization in East Africa. Environmental Science and Pollution Research, 29,
40812-40825. https://doi.org/10.1007/s11356-021-18082-1

Clark, K. E., Bravo, V. D., Giddings, S. N., Davis, K. A., Pawlak, G., Torres, M. A., Adelson, A.
E., César-avila, C. I., Boza, X., & Collin, R. (2022). Land Use and Land Cover Shape River
Water Quality at a Continental Caribbean Land-Ocean Interface. Fronmtiers in Water,
4(737920). https://doi.org/10.3389/frwa.2022.737920

Fatihah, N., Ali, M., Mohamed, 1., & Mohamad, R. (2025). Spatio-temporal patterns of river water
quality in the klang river basin , malaysia: a functional data analysis approach to detect pre-
and post-pandemic shifts. Environmental Monitoring and Assessment, 197(11), 1-14.
https://doi.org/10.1007/s10661-025-14644-9

Hamad, H., Aswadi, M., & Lapalani, C. (2025). Optimization of Groundwater Well Discharge
Capacity Using Step Drawdown Test Post-Earthquake in Biromaru, Sigi District, Central
Sulawesi. Jambura Geoscience Review, 7(2), 139-146.
doi:https://doi.org/10.37905/jgeosrev.v7i2.27807

Hendro, R. (2022). Selected Measurement Parameters of Water Quality: Comparative Insight of
India and Indonesia. Journal of Geography Science and Education, 4(1), 32-44.
https://doi.org/http://journal.univetbantara.ac.id/index.php/jgse/index

Hidiya, M., Giofandi, E. A., Tunggadewi, A. T., & Tjahjono, B. (2025). Monitoring of Ecosystem
Services for Water Regulation in the Central and Upper Cisangkuy Watersheds. Journal of
Soil Science and Environment, 27(2), 102-114.
https://doi.org/http://dx.doi.org/10.29244/jit].27.2.102-114

Kim, D. D., Swarthout, J. M., Worby, C. J., Chieng, B., Mboya, J., Earl, A. M., Njenga, S. M.,
& Pickering, A. J. (2025). Contaminated drinking water facilitates Escherichia coli strain-
sharing within households in urban informal settlements. Nature Microbiology, 10, 1198—1209.
https://doi.org/10.1038/541564-025-01986-w

Lestari, E., & Nugraheni, N. (2024). Urgensi Sustainable Development Goals (SDGs) dalam
Penanganan Meningatkan Sumber Daya Air Bersih dan Sanitasi Layak di Jakarta. Scientika
Jurnal Ilmiah Sains Dan Teknologi, 2(4), 376-387.
https://jurnal.kolibi.org/index.php/scientica/article/view/1273

Copyright © 2026 The Authors. Published by Department of Earth Science and Technology, Universitas Negeri Gorontalo
This work is licensed under a Creative Commons Attribution (CC-BY) 4.0 International License.

312


https://doi.org/10.1146/annurev.ecolsys.35.120202.110122
https://doi.org/10.3390/su12177017
https://doi.org/https:/doi.org/10.3390/w16010035
https://doi.org/https:/doi.org/10.21776/ub.jfmr.2019.003.03.13
https://doi.org/https:/doi.org/10.1002/wer.1101
https://journalversa.com/s/index.php/jppp%0AVol
https://doi.org/10.1007/s11356-021-18082-1
https://doi.org/10.3389/frwa.2022.737920
https://doi.org/10.1007/s10661-025-14644-9
https://doi.org/10.37905/jgeosrev.v7i2.27807
https://doi.org/http:/journal.univetbantara.ac.id/index.php/jgse/index
https://doi.org/http:/dx.doi.org/10.29244/jitl.27.2.102-114
https://doi.org/10.1038/s41564-025-01986-w
https://jurnal.kolibi.org/index.php/scientica/article/view/1273

doi: 10.37905/jgeosrev.v8i2.38368 ! ’ ejurnal.ung.ac.id/index.php/jgeosrev

JAMBURAO

................

Luo, L., Wang, G., Wang, Z., Ma, J., He, Y., He, J., Wang, L., Liu, Y., Xiao, H., Xiao, Y., Lan,
T., Yang, H., & Deng, O. (2021). Science of the Total Environment Optimization of Fenton
process on removing antibiotic resistance genes from excess sludge by single-factor
experiment and response surface methodology. Science of the Total Environment, 788, 147889.
https://doi.org/10.1016/j.scitotenv.2021.147889

Maru, R., Samputri, S., Yaqin, A. A., Sahruni, S., Faiga, N., GS, S., Rezky, A. M., & Nasrul, N.
(2025). Analisis Perilaku Masyarakat dalam Pengelolaan Sampah di Kawasan Pengairan J1.
Daeng Tata VI Parang Tambung Kota Makassar. Indonesian Journal of Fundamental and
Applied Geography, 3(1), 46-55.
https://journal.lontaradigitech.com/IJFAG/article/view/1118

Mohammadnezhad, K., Sahebi, M. R., Alatab, S., & Sajadi, A. (2023). Investigating heavy-metal
soil contamination state on the rate of stomach cancer using remote sensing spectral features.
Environmental Monitoring and Assessment, 195(583), 1-15. https://doi.org/10.1007/s10661-
023-11234-5

Narendra, B. H., Siregar, C. A., Dharmawan, I. W. S., Sukmana, A., Pramono, I. B., Basuki, T.
M., Yudono, H., Hadi, S., & Supangat, A. B. (2021). A Review on Sustainability of
Watershed Management in Indonesia. Sustainability, 13(11125).
https://doi.org/10.3390/su131911125

Nasrul, N., Amal, A., & Qaiyimah, D. (2024). Kajian Kualitas Fisik Dan Kimia Air Sungai
Gentung Kabupaten Pangkajene Dan Kepulauan. Jurnal Environmental Science, 6(2), 54—61.
https://doi.org/10.35580/jes.v6i2.60637

Nasrul, N., Amdah, M., & Maru, R. (2024). Impact of Climate Change on Water Availability:
Systematic Literature Review. Journal of Geographical Sciences and Education, 02(4), 183-192.
https://doi.org/10.69606/geography.v2i4.139

Nasrul, N., Arfan, A., Badwi, N., Baharuddin, I. 1., & Qaiyimah, D. (2024). Impact of Tofu X
Factory Liquid Waste Discharge on Gentung River Water Quality, Pangkep Regency. Jurnal
Ecosolum, 13(2), 144—159. https://doi.org/10.20956/ecosolum.v13i2.36772

Nasrul, N., Syarif, E., Malik, A., Umar, R., & Hasriyanti, H. (2026). Mitigasi Pencemaran Air Sungai
Berbasis Pendidikan: Pendekatan Integratif Spasial dan SEM. Eureka Media Aksara.

Nasrul, N., Nur, M. M., Wahyuni, R. S., Nuryadi, N., Pratama, M. F., Ananda, W. S., Ningsih,
I. S., & Maru, R. (2025). Study of Sea Water Quality Status in the Saugi Island Area ,
Pangkep Regency: Analysis of the Impact on Marine Biota. Srmwi, 93), 133-140.
https://doi.org/10.22135/sje.2024.9.3.141-152

Nasrul, N., Qaiyimah, D., & Nurfadilah, N. (2024). Studi Fenomenologi: Analisis Faktor
Penyebab dan Upaya Penanganan Pencemaran Air Sungai dalam Perspektif Masyarakat
Desa Gentung Kabupaten Pangkep. Jurnal Kesehatan Tambusai, 5(4), 10527-10535.
https://doi.org/https://doi.org/10.31004/ikt.v5i4.35603

Nasrul, N., Qaiyimah, D., Nurfadilah, N., Haris, H., Amdah, M., Mulianti, M., & Hidayah, N.
(2025). Analysis of Quality Status and Prediction of the Distribution of Temperature, DO,
pH, Salinity, and Brightness of Sea Water in the Saugi Island Area Based on Spatial Inverse
Distance  Weighting.  International  Jouwrnal of Applied Biology, 9(1), 1-15.
https://journal.unhas.ac.id/index.php/ijoab/article/view/37270

Nasrul, N., Saleh, M. A. M. A., Fandi, R., & Qaiyimah, D. (2026). Pemodelan Spasial Kualitas
Air Sungai: Strategi Keberlanjutan Konservasi Lingkungan. Eureka Media Aksara.

Nurlilasari, P., Rahmah, D. M., Kastaman, R., & Mardawati, E. (2024). The Economic Feasibility
of Achieving SDG 6 (Clean Water and Sanitation) with Innovative Approach to Addressing
Water Scarcity in Conflict Zones: Gaza Strip Study Case. Indonesian Journal of Economics,
Business, Accounting, and Management, 03(02), 43-49.
https://journal.seb.co.id/ijebam/index%0AThe

Permata, C., Larasati, A., Ayuningtyas, M. L., Putri, A. A. K., Aurell, & Wahyudi, V. (2024).
Analisis Potensi dan Kemajuan dalam Pengelolaan Air Bersih dan Sanitasi Berkelanjutan
(SDGs 6) di Indonesia. Jurnal Pendidikan Lingkungan Dan Pembangunan Berkelanjutan, 25(1),
16-24. https://doi.org/https://doi.org/10.21009/plpb.v25101.40440

Copyright © 2026 The Authors. Published by Department of Earth Science and Technology, Universitas Negeri Gorontalo
This work is licensed under a Creative Commons Attribution (CC-BY) 4.0 International License.

313


https://doi.org/10.1016/j.scitotenv.2021.147889
https://journal.lontaradigitech.com/IJFAG/article/view/1118
https://doi.org/10.1007/s10661-023-11234-5
https://doi.org/10.1007/s10661-023-11234-5
https://doi.org/10.3390/su131911125
https://doi.org/10.35580/jes.v6i2.60637
https://doi.org/10.69606/geography.v2i4.139
https://doi.org/10.20956/ecosolum.v13i2.36772
https://doi.org/10.22135/sje.2024.9.3.141-152
https://doi.org/https:/doi.org/10.31004/jkt.v5i4.35603
https://journal.unhas.ac.id/index.php/ijoab/article/view/37270
https://journal.seb.co.id/ijebam/index%0AThe
https://doi.org/https:/doi.org/10.21009/plpb.v25i01.40440

doi: 10.37905/jgeosrev.v8i2.38368 ] ) ejurnal.ung.ac.id/index.php/jgeosrev

...............

Postigo, C., Ginebreda, A., Barbieri, M. V., Barcel6, D., Martin-Alonso, J., de la Cal, A., Boleda,
M. R., Otero, N., Carrey, R., Sola, V., Queralt, E., Isla, E., Casanovas, A., Frances, G., &
Lopez de Alda, M. (2021). Investigative monitoring of pesticide and nitrogen pollution
sources in a complex multi-stressed catchment: The lower Llobregat River basin case study
(Barcelona, Spain). Science of the Total  Environment, 755, 1-19.
https://doi.org/10.1016/j.scitotenv.2020.142377

Pratama, M. A., Immanuel, Y. D., & Marthanty, D. R. (2020). A Multivariate and Spatiotemporal
Analysis of Water Quality in Code River, Indonesia. The Scientific World Journal, 2020(1),
8897029. https://doi.org/https://doi.org/10.1155/2020/8897029

Qaiyimah, D., Zhiddiq, S., Maru, R., Yusuf, M., Rasjusti, N. 1., & Nasrul, N. (2025).
Pendampingan Pengelolaan Sampah Ramah Lingkungan sebagai Upaya Konservasi Air
bagi Masyarakat Desa Romang Lompoa, Samata, Kabupaten Gowa. SMART: Jurnal
Pengabdian Kepada Masyarakat, 5(1), 53-63.
https://doi.org/https://doi.org/10.35580/smart.v5i1.73789

Ramadhawati, D., Wahyono, H. D., & Santoso, A. D. (2021). Pemantauan Kualitas Air Sungai
Cisadane Secara Online dan Analisis Status Mutu Air Menggunakan Metode STORET.
Jurnal Sains Dan Teknologi Lingkungan, 13(2), 76-91.
https://doi.org/https://doi.org/10.20885/jstl.vol13.iss2.art1

Rasyid, R., Nasrul, N., & Qaiyimah, D. (2025). Analisis Indeks Pencemaran dan Prediksi
Distribusi Kualitas Air Sungai Menggunakan Metode Spatial Inverse Distance Weighted (
Studi Kasus : Sungai Gentung , Kabupaten Pangkep ). Jurnal Ilmu Lingkungan, 23(5), 1213—
1226. https://doi.org/10.14710/5i1.23.5.1213-1226

Razif, M. (2022). BOD, COD, and TSS Predictions from DO measurement results for the Surabaya
River, Indonesia. Journal of Civil Engineering, Planning, and Design, 1(1), 1-7.
https://doi.org/10.19907/jcepd.2022.xxx

Rizqi, N. A., Rudiyanti, S., & Haeruddin, H. (2021). Pollution load (TSS, DO, BOD, and COD)
and pollution index of kaliyasa river in cilacap districts. Jurnal Perikanan Tropis, §(2), 127-
140. http://jurnal.utu.ac.id/jptropis

Ruliana, R., Nasrul, N., Qaiyimah, D., & Maru, R. (2025). Pollution Index Analysis and Factors
that Most Influence Groundwater Pollution in Wanuawaru Village by Structural Equation
Modeling: Sustainable Mitigation and Conservation Efforts. EnvironmentAsia, 18(3), 49—63.
https://doi.org/10.14456/ea.2025.50

Samputri, S., Nasrul, N., Pratama, M. D., Firdayanti, N. R., R, S. A., & Maru, R. (2026). Analisis
Peran Masyarakat Terhadap Penanganan Kerusakan Lingkungan: Studi Kawasan Perairan
Pesisir dan Padat Pemukiman Tamalate Kota Makassar. LaGeografia, 24(2), 202-214.
https://doi.org/https://doi.org/10.35580/lageografia.v24i2.86027

Swandani, P. A., Yuliani, E., & Haribowo, R. (2023). Study of Determining Water Quality Status
Using STORET Method, Pollution Index, and CCME-WQI in the Metro River of Malang
City, East Java. Jurnal Teknologi Dan Rekayasa Sumber Daya Air, 03(02), 780-789.
https://doi.org/https://doi.org/10.21776/ub.jtresda.2023.003.02.066

Thoha, H., Bayu, M. D., Rachman, A., Nasution, A. K., & Siswantining, T. (2021). Distribution
of phytoplankton in Pangkep Waters, South Sulawesi, Indonesia. IOP Conference Series: Earth
and  Environmental  Science, 649(1). https://doi.org/https://doi.org/10.1088/1755-
1315/649/1/012017

Trinh, D. A., Do, N. T., Panizzo, V. N., Mcgowan, S., Salgado, J., Large, R. G., Henderson, A.
C.G., & Vu, T.T. (2024). Anthropogenic impacts on the water chemistry of a transboundary
river system in Southeast Asia. Journal of Asian Earth Sciences, 12, 100183.
https://doi.org/https://doi.org/10.1016/].jaesx.2024.100183

Tuan, A., & Sharp, A. (2022). Microplastics pollution in selected rivers from Southeast Asia. APN
Science Bulletin, 12(1), 5-17. https://doi.org/10.30852/sb.2022.1741

Tuan, N., Duy, L., Thi, N., Schmalz, B., & Le, T. (2023). Case Studies in Chemical and
Environmental Engineering Influences of key factors on river water quality in urban and
rural areas: A review. Case Studies in Chemical and Environmental Engineering, 8(5), 100424.
https://doi.org/10.1016/j.cscee.2023.100424

Copyright © 2026 The Authors. Published by Department of Earth Science and Technology, Universitas Negeri Gorontalo
This work is licensed under a Creative Commons Attribution (CC-BY) 4.0 International License.

314


https://doi.org/10.1016/j.scitotenv.2020.142377
https://doi.org/https:/doi.org/10.1155/2020/8897029
https://doi.org/https:/doi.org/10.35580/smart.v5i1.73789
https://doi.org/https:/doi.org/10.20885/jstl.vol13.iss2.art1
https://doi.org/10.14710/jil.23.5.1213-1226
https://doi.org/10.19907/jcepd.2022.xxx
http://jurnal.utu.ac.id/jptropis
https://doi.org/10.14456/ea.2025.50
https://doi.org/https:/doi.org/10.21776/ub.jtresda.2023.003.02.066
https://doi.org/https:/doi.org/10.1088/1755-1315/649/1/012017
https://doi.org/https:/doi.org/10.1088/1755-1315/649/1/012017
https://doi.org/https:/doi.org/10.1016/j.jaesx.2024.100183
https://doi.org/10.30852/sb.2022.1741
https://doi.org/10.1016/j.cscee.2023.100424

doi: 10.37905/jgeosrev.v8i2.38368 ! ’ ejurnal.ung.ac.id/index.php/jgeosrev

JAMBURAO

................

Wang, J., Wang, H., Ning, S., & Hiroshi, I. (2018). Predicting future land cover change and its
impact on streamflow and sediment load in a trans-boundary river basin, Proc. IAHS, 217-
222. https://doi.org/https://doi.org/10.5194/piahs-379-217-2018

Widmer, K., Ha, N. T. Van, Vinitnantharat, S., Sthiannopkao, S., Wangsaatmaja, S., Prasetiati,
M. A. N,, Thanh, N. C., Thepnoo, K., Sutadian, A. D., Thao, H. T. T., Fapyane, D., San,
V., & Hur, P. V. « H.-G. (2013). Prevalence of Escherichia coli in surface waters of Southeast
Asian cities. World J Microbiol Biotechnol, 29(11), 15-24. https://doi.org/10.1007/s11274-
013-1376-3

Yang, S., Liang, M., Qin, Z., Qian, Y., Li, M., & Cao, Y. (2021). A novel assessment considering
spatial and temporal variations of water quality to identify pollution sources in urban rivers.
Scientific Reports, 11, 1-11. https://doi.org/10.1038/s41598-021-87671-4

Zhang, X., Yu, B., Xin, Z., Cong, M., & Zhang, C. (2025). Spatial-temporal variations of river
water quality under human- induced land use changes in large river basins. Scientific Reports,
15, 1-14. https://doi.org/https://doi.org/10.1038/s41598-025-20876-z

Zong, M., Hu, Y., Liu, M., Li, C., Wang, C., & Liu, J. (2021). Quantifying the Contribution of
Agricultural and Urban Non-Point Source Pollutant Loads in Watershed with Urban
Agglomeration. Water, 13, 1385. https://doi.org/https://doi.org/10.3390/w13101385

Copyright © 2026 The Authors. Published by Department of Earth Science and Technology, Universitas Negeri Gorontalo
This work is licensed under a Creative Commons Attribution (CC-BY) 4.0 International License.

315


https://doi.org/https:/doi.org/10.5194/piahs-379-217-2018
https://doi.org/10.1007/s11274-013-1376-3
https://doi.org/10.1007/s11274-013-1376-3
https://doi.org/10.1038/s41598-021-87671-4
https://doi.org/https:/doi.org/10.1038/s41598-025-20876-z
https://doi.org/https:/doi.org/10.3390/w13101385

