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Abstract. Total suspended solids (TSS) are an important biogeochemical parameter for
water quality monitoring and determining potential fishing grounds habitat. Elevated TSS
concentrations can inhibit the growth of producer organisms, and are considered harmful
to fish. Therefore, the temporal and spatial change of suspended sediment concentration is
an important issue in coastal and seawater research. This study aims to analyze and map
the spatio-temporal distribution of TSS in coastal water of Banyuasin from Landsat 8 OLI.
The remote sensing method was used in this study. The results showed that the distribution
of TSS was spatio-temporally different in the study area. TSS in transitional season II is
132.76 mg/1 - 446.33 mg/l, in the west season, it ranges from 67.732 mg/l to 375.64 mg/l;
in transitional season I, it ranges from 33.41 mg/1 to 235.16 mg/1; and in the east season, it
ranges from 97.73 mg/1 to 297 mg/1.
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1 Introduction

The coastal waters of Banyuasin are directly connected to the sea waters of the Bangka Strait.
Banyuasin coastal waters include shallow sea waters, which are one of the most important
aquatic ecosystems and have provided many benefits, including providing habitat for various
kinds of organisms, including fish, which are important resources in the fisheries sector. Hence,
these waters have become the center of fishing activities in South Sumatera Province due to
their high potential and diversity of fishing resources (1,2). The continued suitability of aquatic
habitats for aquatic life depends heavily on the quality of the water (3). Therefore, water quality
plays a key role in determining water habitat health, fish species survival, and water
productivity. One parameter that can affect water quality is total suspended solids (TSS) (4,5).
Clear waters are essential, as all photosynthetic organisms require light for growth but can
become turbid due to the presence of TSS (6).
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TSS refers to the mass (mg) or concentration (mg/1) of inorganic and organic material floating
in the water column (7). TSS is mostly caused by soil erosion that is carried into water bodies
(8,9). High TSS conditions can have a serious impact on aquatic ecosystems. Increased TSS can
have significant negative impacts, including decreased water quality or the occurrence of water
pollution, reduced penetration of light into waters, damage to aquatic habitats, and a decrease
in fisheries resources and biodiversity in aquatic ecosystems (10,11). Suspended particles, both
organic and inorganic, and dissolved organic matter play a role in controlling the penetration of
light into the water column so that it can inhibit the primary productivity of water (12). The
decrease in light reaching the underwater layer can, in turn, inhibit the growth of phytoplankton,
which is the primary food source for various organisms in the aquatic food chain. It can affect
the abundance and variation of fish species distribution and environmental conditions around
fishing grounds. Moreover, suspensive particles in the waters can cause damage to underwater
habitats, such as coral reefs and oak fields, which are breeding grounds and shelters for various
types of fish.

Considering the vital role of TSS in the water system, it is necessary to monitor its concentration
dynamics periodically, both spatially and temporally. Conventional methods through direct field
measurements (in situ) can only show values at the measurement point, which is limited in terms
of spatial coverage and inconsistent temporal data. Although the field observation method
produces accurate measurements, it is time-consuming and costly. Therefore, measurements
using remote sensing technology are highly needed. This method has been widely used for
observing the spatial characteristics of water bodies (13). Remote sensing technology can help
overcome some of the limitations of conventional observation, one of which is limited space
and time coverage (14). Remote sensing technology is a technology for recording the earth's
surface, including waters, that can cover large areas and be performed repeatedly (in real time)
(15), thus becoming an effective and efficient tool for monitoring water quality by
spasiotemporal. Landsat 8 OLI is a medium-resolution remote sensing satellite. Using the
images of Landsat 8 OLI with better spatial resolution provides the potential to obtain more
detailed and accurate images for the study of coastal water dynamics. Blue, green, and red bands
are bands that can be used and are sensitive to the concentration of suspended solid (16). A
number of studies have explored the potential of Landsat 8 remote sensing data in particular for
estimating TSS concentrations with a good accuracy rate (17,18,19,20,21). The study aims to
analyze and map the spatio-temporal variability of TSS concentrations in Banyuasin coastal
waters. Understanding the dynamics of TSS variability is crucial in evaluating its impact on
water quality and fisheries. It can provide basic information for designing coastal water
management strategies more effectively, restoring ecosystems, and preserving the quality of
aquatic habitats, which in turn will support the balance of the aquatic ecosystem and sustainable
fisheries productivity.

2 Method of research

The method used in this study is remote sensing method. The use of Landsat 8 images will
involve spectral analysis to extract TSS information. This approach allows the identification of
patterns of distribution in areas with high and low TSS concentrations in more detail, both
spatially and temporarily. The results are compared to the research that has been conducted,
especially in the field of study.



2.1 Study area

The research site is situated in the coastal waters of Banyuasin Regency (Figure 1), which has
a marine area of 1,765.4 km2 and a coastline that stretches for +274 km (22). Banyuasin
Regency's coastal waters are influenced by two distinct water masses: the waters of the South
China Sea to the north and the waters of the Java Sea to the east, and the tides have an impact
on the dynamics of these waters. A number of major rivers, including the Sembilang, Banyuasin,
Musi, Upang, Salek, and Sugihan rivers, as well as smaller ones, supply material suspension
from the land to coastal waters and the sea via runoff.
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Fig. 1. Map of study area.

2.1 Data analysis

Image correction. The study utilized Landsat OLI images that were obtained on September 19,
2019, December 30, 2019, April 20, 2020, and July 20, 2020. The Landsat 8 OLI data is
downloaded from https://earthexplorer.usgs.gov/ website. Image correction, which consists of
both geometric and radiometric correction, is done first before any additional image processing.
The goal of both types of correction is to enhance the image quality so that the image to be used
provides geometrically and radiometrically accurate information, while also improving the
spectral quality of the recording results and the accuracy of the object's position. The image
geometry correction was done using the Banyuasin Regency RBI map at a scale of 1:50,000,
while the radiometric correction is done using a formula contained in the user manual data § v-
5.0. The digital value of the Landsat 8 image was first converted to the reflectance value
(without correcting the sun angle) using the equation 1:

p;\ = Mp * Qcar + Ap (1



where:

ps = TOA spectral reflectance (W/(m2 * sr * um)).

Mp=Multiplicative reflectance scale factor of each channel (Reflectanc Mult Band N) from
metadata

Qcal= Image pixel value in the form of Digital Number (DN).
Ap = Additive radiance scale factor of each channel (Radiance Add Band n)

The following calculation is to find the reflectance value of the TOA performed divided by the
sun angle according to formula 2:

pr= - _Fi )

Cos(fsz)  sin(fsp)
where:
PA = TOA spectral reflectance corrected sun angle
p; = TOA spectral reflectance uncorrected sun angle
Ose = Sun elevation angle, available in the image metadata
0sz = Solar zenith angle; sz = 90° - Os¢

Atmospheric correction is necessary in satellite remote sensing because at visible wavelengths
received by satellites, the reflections are affected by gas particles and aerosols in the atmosphere.
The atmospheric correction in this study used ACOLITE (version 20170718.0). ACOLITE
software is designed for atmospheric correction in marine and inland waters. Application of
ACOLITE processor effectively improves atmospheric correction in highly turbid waters (23),
and supports Sentinel 2 and Landsat 8 image correction (24).

Masking. Masking aims to separate land and ocean objects. Only sea waters area that will be
processed further. The masking process is done using the NDWI (Normalized Difference Water
Index) index, which is an algorithm for separating water and land pixels by creating a water
value index that is derived using green and NIR bands (25,26). The NDWI index has been
widely used to delineate water objects from satellite images (27). The NDWI index has values
ranging from -1 to 1(28). In Landsat 8, the reflectance values of band 3 and band 5 are used to
calculate the NDWI using equation (3):

RrsBand 3—RrsBand 5
NDWI = (3)
RrsBand 3+RrsBand 5

Determining the concentration of total suspended solids. Budiman's algorithm is the one that
was utilized to extract the total suspended solids content. The red band from Landsat 8 OLI are
used in this algorithm. Budiman's algorithm equation (29) based on formula (4) as follows:



Where:
TSS = Total suspended solids (mg/1)
Red Band = Reflectance value of band 4

3 Results and discussion

Based on the analysis results of Landsat 8 OLI imagery, there are differences in the
concentration of TSS in Banyuasin coastal waters in each season, both spatially and
temporally.The concentrations of TSS for each consecutive season is as follows: the transitional
season Il ranges from 132.76 mg/1 to 446.33 mg/L, the western season from 67.73 mg/1 to 375.62
mg/L, the transitional season I from 33.41 mg/l to 235.16 mg/L, and the eastern season from
97.73 mg/1 to 297.17 mg/L. The lowest and highest TSS concentration values for each season
are presented in Table 1, while their distribution is presented in Figures 2, 3, 4, and 5,
respectively. The color difference indicates the distribution of the range of TSS concentration
values. The closer the dark blue color, the lower the distribution of TSS concentration values.

Table 1. The lowest and highest TSS concentration values for each season

Periods Lowest value of TSS Highest value of TSS
concentration (mg/1) concentration (mg/1)
Transitional season II 132.76 446.33
Western season 67.73 375.62
Transitional season I 33.41 235.16
Eastern season 97.73 297.17
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Fig. 2. Distribution pattern of total suspended solid in Banyuasin sea waters in the second transitional
season.
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Fig. 3. Distribution pattern of total suspended solid in Banyuasin sea waters in the west season.
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Fig. 4. Distribution pattern of total suspended solid in Banyuasin sea waters in the first transitional
season.
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Fig. 5. Distribution pattern of total suspended solid in Banyuasin sea waters in the East season.

Based on the generated map, each season has a different concentration distribution. When
compared with TSS concentrations in other seasons, transitional II and west seasons have higher
TSS levels compared to transitional I and east seasons. The highest concentrations of TSS were
found at 446.33 mg/L (transitional season II) and 375.62 mg/L in the west season. The dominant
and smallest TSS spatial distribution is also different for each season. During transitional season
II, the dominant TSS spatial spread was in the TSS range of 207.40 mg/1-272.26 mg/l and the
range with the lowest spatial spread (132.79 mg/1-207.40 mg/L) (Figure 2). In the west season,
the dominant concentration distribution ranged from 67.73 mg/l to 117.54 mg/l, and the smallest
distribution from 173.70 mg/l to 238.99 mg/I (Figure 3). Whereas at transition I, the dominant
TSS concentration range is in the TSS spread range from 73.18 mg/l to 113.82 mg/L, and the
smaller spread is from 193.11 mg/l to 235.16 mg/L (Figure 4). In the eastern season, the
prevalence of TSS is 97.73 mg/1 to 147.19 mg/1, with the least spread being from 197.48 mg/liter
to 243.74 mg/liter (Figure 5).

In general, higher TSS concentrations can be found near the coast, especially near river mouths,
and TSS concentrations gradually decrease towards the sea, and this decrease can be seen along
the coast of Banyuasin. The high concentration of TSS near the coast (coastal waters) as a result
of the high supplay of coming from land through river runoff along the coastal area of the
Banyuasin district. Whereas in the second transitional season, the TSS concentration is higher
than the other seasons because the second transitional season is the season entering the rainy
season, where rainfall is higher, so that it provides a greater input of sediment particles from the
land channeled through rivers to estuarine and marine waters. River inflow is a major source of
terrigenous material supplied to marine sedimentary basins (30). According to (31) that during
the rainy season, the presence of river runoff can carry anthropogenic organic compounds into
the waters resulting in TSS concentrations.The eastern season and transitional season I are often
identified with the dry season. During this season, TSS concentrations are also lower compared
to the transition II and western season (wet season), due to lower rainfall compared to the
western season. The distribution of TSS concentration tends to be lower in offshore areas



because offshore areas do not get their particle of sediment supply from land. High rainfall can
cause large-scale soil erosion which increases the amount of suspended solid matter that enters
the river body and discharges it to the rivers, coastal waters and seas. TSS concentration shows
significant variation in different seasons, and rainfall variation is one of the causes (32), and its
concentration decreases from the coast towards the sea (33). Research by (34) in the coastal
waters of Surabaya also found that the TSS distribution pattern in the west season showed high
concentrations spread over the coastal area to the offshore, while the TSS distribution pattern in
the east season only showed high concentrations in the coastal area, and the distribution pattern
was strongly influenced by the season. Various dynamic factors such as river discharge, rainfall,
and coastal processes are causative attributes in the distribution of SSC in coastal areas (35).
Besides rainfall, according to (36) another factor that can cause differences in water TSS
concentrations is that currents and waves are strong enough to cause sediment resuspension.

3 Conclusion

From the results, it can be concluded that Landsat 8 OLI imagery can be used to clearly identify
the spatial and temporal distribution of TSS in coastal waters.The distribution of TSS in the
coastal waters of banyuasin is higher in the second transitional season and western season
compared to the first transitional season and eastern season strongly influenced by the season.
The spatial distribution of TSS is higher in the nearshore area and decreases towards the sea.
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