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ABSTRACT

The Banger River in Pekalongan City, Central Java, apart from functioning as a canal to control floods, is also used as a dumping ground for industrial textile waste
in the area around the river. Waste that is not managed properly can increase the organic material content in waters, one of which is in the form of suspended solid
material which, if it exceeds the threshold limit, can harm aquatic living creatures. Excessive suspended solid material in waters can increase turbidity and reduce
the penetration of sunlight into the air column, thereby affecting the photosynthesis process and inhibiting the respiration of marine biota. This research aims to
examine the distribution of concentrations of suspended solids in the Banger Estuary, Pekalongan City. This research uses a quantitative method based on the results
of the analysis of samples taken in situ, on June 25, 2023. A geospatial approach was carried out by comparing the results of Total Suspended Solids (TSS)
distribution mapping based on field data with the TSS distribution on sentinel-2 satellite imagery based on algorithms. The results of this research indicate that the
concentration of suspended solid material in the Banger Estuary, Pekalongan City is in the range of 18.2 mg/l - 48.2 mg/l., with a tendency for high concentrations
to be near the coastline and concentrations decreasing towards open waters beach. This is thought to be related to the supply of nutrients from various human
activities, from upstream to river mouths, as well as activities in coastal waters. The results of the concentration of suspended solids in the Banger Estuary and the
Coastal Waters of Pekalongan City between the results of in situ data analysis and the results of the image analysis algorithm show that in situ data analysis has a
wider range of concentration values with a fairly large level of significance. The distribution of suspended solid material concentrations in the Banger Estuary and
Pekalongan City Coastal Waters tends to follow the coastline pattern, although there is a group of stations that form a convergent pattern in the estuary waters. It
can be concluded that the oceanographic parameters of tides, currents, seasons, mixing of air masses, and water depth influence the concentration and distribution
of suspended solid material in the Banger Estuary and the Coastal Waters of Pekalongan City.
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1. Introduction

River estuaries are water bodies that are susceptible to being influenced by environmental variations originating from nature or even caused by human
actions (Indrayanti et al., 2022). Degradation of the estuary environment can result in ecological damage, as well as changes in social and economic
conditions. This can happen if waste from human activities is thrown into the river body, it will affect the dynamics of the river waters (Zainuri et al.,
2022, Wirasatriya et al., 2023). One of the rivers used as a waste disposal site is the Banger River which is located in Pekalongan City, Central Java. This
waste can increase organic concentrations such as COD, BOD, Total Suspended Solids (TSS), and pH, which if it exceeds the threshold, the easiest
symptom to detect is the death of aquatic biota (Budiyanto et al., 2018).

Total Suspended Solids (TSS) is a material that decomposes from organic waste as its source. Excessive TSS in waters can increase turbidity and reduce
the penetration of sunlight into the water column. These conditions will ultimately affect the photosynthesis process and inhibit the respiration of marine
biota (Wirasatriya et al., 2023). Based on research conducted by Zainuri et al., (2022) and Ridarto et al., (2023), residential areas along the Banger Estuary
have a great influence on increasing TSS concentrations in the area. Apart from that, the sediment input factor from land which is influenced by rainfall
is also the cause of the high concentration of TSS in the Banger Estuary area.

Sentinel-2 was the first satellite launched as part of the Europan Space Agency (ESA) Copernicus program in Europe in 2015. According to Liu et al.,
(2017), several studies have been carried out in retrieving water parameters using Sentinel-2 satellite image data. 2A includes taking TSS concentration
values in turbid estuary waters, investigating the sensitivity of Sentinel-2A to optically active things in Italian lakes, demonstrating the superiority of
Sentinel-2A compared to Landsat 8 OLI in taking TSS in black lakes, observing chlorophyll and organic matter dissolved, monitoring water quality in
inland and coastal waters, and much more.

This research was conducted to determine and map the distribution of concentrations of suspended solid material at the mouth of the Banger River in
June 2023. Field data collection pays close attention to the time at which the Sentinel-2 satellite passes through the study area so that the information
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obtained will be more accurate. It is also hoped that this research can become a reference in dealing with the waters of the Banger Estuary which are
polluted by textile waste.

2. Material and Method

This research uses 2 data, primary and secondary data. The primary data is water samples taken in situ and analyzed in the laboratory to determine the
TSS concentration. Meanwhile, the secondary data is Sentinel-2 Level 1C imagery with a recording date of 25 June 2023 obtained via the page
https://scihub.copernicus.eu, Indonesian Rupabumi (RBI) maps, and Pekalongan waters bathymetry data obtained from the Geospatial Information
Agency (BIG ) via the page https://tanahair.indonesia.go.id/portal-web, wind data for Pekalongan waters obtained via the page
https://cds.climate.copernicus.eu/, and tidal data for Pekalongan waters obtained from the Agency Geospatial Information (BIG) via the page http://ina-
sealevelmonitoring.big.go.id/ipasut.

The method used in this research is quantitative to determine the concentration of suspended solid material, which produces numbers in data processing
(Sugiyono, 2009). In this research, algorithmic calculations were used from the sentinel-2 image which will later produce numbers so that the TSS
concentration value in June can be determined in the waters of the Banger Estuary, Pekalongan City.

Determining the sampling location in this study used a purposive sampling method with 30 station points which were considered to represent the entire
research area. Determining the sampling time was carried out based on the conditions of the waters which coincided with taking pictures by the Sentinel-
2 satellite image. This research was carried out on June 25 2023 at 06.00-12.00 WIB in Muara Sungai Banger, Pekalongan City with coordinates 6°50'10"S
t0 6°51'50"S and 109°40'50"E to 109°42' 30" E.
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Figure 1. Sampling Area

Water samples from each station were taken using a 4.2-liter Nansen bottle and put into a 1-liter sample bottle. The sample bottle containing seawater is
then stored in a coolbox so it is easy to carry.

TSS laboratory analysis is carried out using gravimetric methods that are accredited to SNI 6989.3:2019 (APHA 2540). Whatman filter paper with grade
GF/F is heated in the oven for 1 hour at a temperature of approximately 60°C, then placed in a desiccator for 15 minutes to ensure that the filter paper is
completely dry. The filter paper is then weighed using a digital scale. The water sample (1 liter) was stirred until homogeneous and filtered using a
vacuum pump which had been coated with dry GF/F filter paper. The filter paper containing the precipitate was dried again in the oven at a temperature
of approximately 105 ‘C for 1 hour. The filter paper containing the sediment was weighed again using a digital scale. Next, the TSS concentration is
calculated using the TSS calculation formula.

Sentinel-2 level 1C image data is downloaded on the Copernicus website, https://scihub.copernicus.eu/. The image data that has been downloaded is then
corrected for distortion due to atmospheric effects, using Sen2Cor software so that it becomes a Sentinel-2 level 2A image. This image data has been
geometrically and radiometrically corrected and has Bottom of Atmosphere (BOA) reflectance values (Ridarto et al., 2023). Separation of land and sea
(masking area) is carried out to differentiate between land and sea using the Normalized Difference Water Index (NDWI) formula. This is followed by
an image-sharpening process using a formula derived from an empirical algorithm to transform spectral values into concentrations of suspended solid
material (Milenia et al., 2021). In this research, the Budhiman (2004) algorithm (in Putri et al., 2023) is used, namely:

MPT (mg/L) = 8,1429 X exp?3704xRrs(14)

Where TSS is the total suspended solids and Rrs(A14) is the value of the red channel reflectance.
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Data validation was carried out using the RMSE (Root Mean Square Error) and Bias methods. Root Mean Square Error (RMSE) is the magnitude of the
error rate in prediction results, where the smaller (closer to 0) the RMSE value is, the more accurate the prediction results will be. RMSE and Bias values
can be calculated using the following equation.

Xm — Xe)t
RMSE=Y¥ E{—}
n
on Xe — Xm
Bias = _1=1
n
Where Xe is the value of field measurement results are considered correct, Xm is the value of data processed, and n is the amount of data.

The surface flow model in this research uses a hydrodynamics module which is the basic calculation of the entire MIKE 21 Flow Model FM software
system program (Wiyadi et al., 2022). The data entered as model input is wind data, bathymetry data, and tidal data in June 2023. The results of the tidal
current model simulation using MIKE 21 software are a map of the direction and speed of current movement on June 25 2023 at the Banger Estuary,
Pekalongan City.

3. Results and Discussion
3.1 The Total Suspended Solids Concentrations in Banger Estuary

Based on in situ observations, the TSS concentration at the Banger Estuary shows a range between 15.2 — 49 mg/L, while the results of satellite image
data processing show a narrower range of values, namely between 19.2 — 43.2 mg/L. The distribution map of TSS at the Banger Estuary from field data
and the results of analysis of the concentration and distribution of suspended solid material using sentinel-2 level 2A image data processing based on the
Budhiman (2004) algorithm is presented in Figure 2.
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Figure 2. Map of Distribution of Suspended Solid Material at the Banger Estuary, Pekalongan City Field Data (left); Budhiman Algorithm Estimation
(right)
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3.2 The Total Suspended Solids Concentrations in Banger Estuary

The resulting surface current modeling is a vector current plot that shows the speed and direction of the current. The time interval from the model
simulation was processed on June 25 2023 at 08.30 WIB. Based on the results of surface current modeling in Figure 3, the current speed around the
Banger Estuary, Pekalongan ranges from 0.02 m/s to 0.16 m/s with the dominant current direction moving from East to West.
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Figure 3. Map of Surface Currents and Distribution of Suspended Solid Material Concentrations at the Banger Estuary on June 25, 2023

3.3. The Total Suspended Solids Concentrations in Banger Estuary

A comparison of TSS concentrations from field data and satellite image data was carried out by looking at the resulting correlation coefficient (r). From
the calculation results, the correlation coefficient (r) value is 0.5593. This shows that the correlation between the TSS concentration from image analysis
using the Budhiman (2004) algorithm and the TSS concentration resulting from field data analysis is in the strong category (Siregar et al., 2021). Apart
from that, an error validation test was also carried out by calculating the bias and RMSE values from the two data, namely field data and image data.
Based on the calculations that have been carried out, the bias value is -0.60 and the RMSE is 5.96. A bias value of -0.60 indicates that the TSS estimate
from satellite image data is below the TSS estimate from field data. However, the resulting RMSE is quite small with a value of 5.96. These results show
that the error value that occurs is quite low. Representation of the results of the TSS comparison of field data and satellite image data can be seen in the
following graph (Figure 4).

satellite TSS (mg/)
&

. Biad {060
) FE=[53

B N 5 M 15 W & 5 % 0
Insitu TSS (mg/1)

Figure 4. Graph of Comparison Results of Field TSS Data and Satellite Image TSS Data with the Budhiman Algorithm (2004) in Putri et al., (2023)

Based on the results of field data processing using gravimetric analysis, TSS concentrations in the Banger Estuary and the coastal waters of Pekalongan
City show quite varied distribution patterns between stations close to the coast and stations located in the open sea. This condition is thought to be because
TSS input around the waters of the Banger Estuary does not only come from the Banger Estuary but there is input from the Slamaran River Estuary which
is located to the east of the Banger Estuary. This can happen because when water samples were taken surface currents were moving from East to West
and carrying TSS from the mouth of the Slamaran River so that the concentration in the middle (stations 10 — 14) increased quite significantly (Figure
2). The distribution of the concentration of suspended solid material which is influenced by surface currents (Figure 3) shows a pattern in the same
direction as the direction of the current. The direction of this current is influenced by the tides and winds that blow when water samples are taken. The
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wind direction produced when taking water samples corresponds to the current season, namely the East season in June. This is to research by Tampubolon
et al., (2021) which states that in June-July the direction of currents in the Pekalongan waters is still influenced by wind gusts from the Southeast (Eastern
season) of Indonesia so the distribution pattern of material in the seawater column will be distributed according to the direction of the current influenced
by the wind.

Map of surface currents and TSS concentration distribution (Figure 3), stations 3, 4, 5, 6, and 28 have relatively low concentrations. This occurs due to
the presence of a retaining embankment or river banger polder so that the distribution of suspended solid material is diverted up and down by the current
which causes the TSS concentration value at the station to be low. In addition, there is an exchange between inflow and outflow at station 24 which causes
low TSS concentrations at that station. Overall, it can be seen that both the results of field sampling and the results of satellite imagery estimation show
that the waters of river estuaries or areas close to the coast have higher concentrations of TSS compared to other areas. High concentrations of TSS in
river mouth areas are generally caused by the input of organic materials from upstream of the river to the estuary. These organic materials come from
textile industry waste and anthropogenic activities that occur around the Banger Estuary. This is following research by Ridarto et al., (2023), which states
that the concentration of TSS in the Banger Estuary comes from anthropogenic factors that occur around the upstream of the river. Apart from that,
several oceanographic parameters such as depth, topographic conditions, and land use along the Pekalongan coast also supply suspended solid material
which influences its concentration in the waters.

Based on the TSS concentration results obtained from laboratory tests using the gravimetric method and from satellite image data using the Budhiman
algorithm, show linear results. This is by the calculation of the correlation coefficient (r) which produces a value of 0.5593. This value is positive and
greater than 0.5, which is based on research by Siregar et al., (2021), a correlation coefficient value greater than 0.5 can be said to have a strong correlation
relationship. Apart from that, looking at the TSS comparison graph of field data and image data (Figure 4), it is known that the relationship between the
two is quite linear. This means that estimating TSS concentrations at the Banger Estuary, Pekalongan City using the Budhiman algorithm can be said to
be suitable for use in this area. The validation test by calculating the RMSE and bias values obtained results of 5.96 and -0.60 respectively. The RMSE
results with a value of 5.96 indicate that there are still errors in the calculation results using the Budhiman algorithm to estimate the TSS content in the
Banger Estuary. However, this value is low enough so that TSS concentration calculations using the Budhiman (2004) algorithm can be used in the
Banger Estuary area and surrounding waters.

4. Summary

The concentration of suspended solid material in the Banger Estuary and the Coastal Waters of Pekalongan City is in the range of 18.2 — 48.2 mg/L, with
quite varied TSS concentration distribution patterns. This is because TSS input not only comes from the mouth of the Banger River but also comes from
the mouth of the Slamaran River which is to the east of the mouth of the Banger River which is carried by surface currents. The distribution of suspended
solid material at the mouth of the Banger River and Pekalongan Beach waters also tends to follow the coastline pattern, although several stations form a
convergent pattern in the estuary waters.
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