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Abstract. This study is aimed at analyzing the marine debris condition in the coastal area of Palu Bay
and the correlation of water quality characteristics in the region, such as water temperature, salinity,
Total Suspended Solid (TSS), turbidity, BODs, COD, N-NHjz, NOz, and PO,-P, using Principal Component
Analysis (PCA). The study utilized in situ and ex situ water quality measurement instruments. All
measured parameters were compared with those of standard quality established by Indonesian
government for tourism and biota. Results revealed that organic marine debris was dominated by
seagrass pieces, while the inorganic one was dominated by plastic wastes. The water quality
characteristics correlation in December 2019 was 82.4% with main factor 1 (F1) of 65.95%, main factor
2 (F2) of 16.45%, and major characteristics of TSS, turbidity, BODs, COD, and salinity. In January 2020,
the correlation was 61.92% with main factor 1 (F1) of 37.06%, main factor 2 (F2) of 24.86%, and major
characteristics of salinity, and TSS. In February 2020, it was 63.89% with main factor 1 (F1) of 38.31%,
main factor 2 (F2) of 25.58%, and major characteristics of PO,-P and COD. Coastal area and river are
major media of waste distribution. Increasing waste volume is potential to negatively influence the
coastal and marine system.
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Introduction. Marine debris is one of the complex issues in coastal countries (Cesar-
Ribeiro et al 2017; Herrera et al 2018). Various human activities produce marine debris
and pollutants. The marine debris and pollutants degrade the coastal environment and its
surrounding ecosystem (Wilcox et al 2016; Gough 2017; Rial et al 2017).

The developing countries, including Indonesia with the longest coastline in the
world, are not also separated from the marine debris problems (Jambeck et al 2015).
Similar issues are also supported by Pettipas et al (2016), Vince & Stoett (2018), and
Wessel et al (2019) that population growth and human activities need houses, offices,
worship facilities, restaurants, and others in the city or near the coastal area will produce
wastes. Consequently, these developments will hazard the environment (Jambeck et al
2015; Edahbi et al 2019). Trash threat in marine environment becomes important since it
impacts to human life due to marine and human interactions or through transfer
mechanisms of food sources, such as fish and mollusks (Wilhelmsson et al 2013; Polasek
et al 2017; Owens 2018).

Coastal region has very good accessibility to various economic activities (Baulch &
Perry 2014; Susilo & Agung 2015; Vo Dong et al 2018). Becherucci et al (2017) stated
that population growth and development intensity make the carrying capacity of coastal
ecosystem in providing natural resources and environmental services be threatened to
degrade. Trash volume and types can basically become society’s burden due to various
negative impacts (Lan et al 2015; Muniz et al 2015; Al-Abdulrazzak et al 2017).

The coastal area of Palu Bay has collected a number of thrash compositions and
characteristics as end products of human activities. Walalangi et al (2020) found a
number of human activities producing organic or inorganic wastes that eventually give
environmental pressures on the coastal area with various types of marine debris (Coe &
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Rogers 1997; Acufia-Ruz et al 2018; Andrades et al 2018; Rajendran et al 2018). The
pile of trashes in the coastal areas, including Palu city, has exceeded the service capacity
and the available waste treatment facility so that trashes pile up in the temporary
landfills, watershed, and around the residential area, and finally move to the coastal and
marine areas (Loulad et al 2017; Walalangi et al 2020).

According to Agovino et al (2018), Di Nola et al (2018), and Toledo et al (2019)
information on pollution status of the coastal waters is very crucial, particularly to people
who rely on marine resources. The complex problem of heavy pollution after the natural
disaster, earthquake, and tsunami in the coastal area of Palu Bay, requires a
comprehensive study (Parura & Rahardyan 2020; Walalangi et al 2020). To minimize the
pollution impact, a scientific analysis on waste treatment in the coastal area of Palu Bay
is needed. This study is intended to analyze the characteristics of marine debris and
water quality in the coastal area of Palu Bay.

Material and Method

Research period and location. This study was conducted in the coastal area of Palu
Bay, East and West Palu districts. Each district has different human activities so that the
research stations were selected in both districts. Palu Bay is included in the
administrative territory of Central Sulawesi Province, Indonesia (Figure 1). The study was
done in December 2019, January and February 2020 using line transect quadrat sampling.
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Figure 1. Sampling sites in Palu Bay.

Data sorts and analyses. Research variables in the present study were water
temperature, salinity, Total Suspended Solid (TSS), turbidity, BODs, COD, amonia (N-
NH3), nitrate (NO3), phosphate (PO,4-P), and organic and inorganic marine debris. There
were 8 study sites, 4 points in East Palu district and 4 others in West Palu district. Each
study site was sampled once in December 2019, January 2020, and February 2020,
respectively. Sample collection and water quality measurements were carried out at each
the third week of the month.

Marine debris sampling technique. Field observations are the early step of this study,
then the locality was marked using Global Positioning System (GPS). All sampling points
were set in the east and west parts of Palu city (Table 1).

Marine debris sample collection was done using 30 m line transect with 2 m x 2
m, and the distance between quadrats was 1 m (Coe & Rogers 1997). This study used 8
sampling lines (L1-L8) with 10 quadrats of each sampling line, so that there were a total
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of 80 quadrats. Sample collections were done at the third week of December 2019,
January 2020, and February 2020, so that total number of quadrants became 240 units.
These were conducted in the intertidal at the lowest tide. Line transects were laid parallel
to the coastline. Solid marine debris was put into the plastic bags and sorted with
category. The organic wastes consist of seagrass, wood, fruit skin, vegetables, and other
biodegradable wastes, while the inorganic wastes are plastic, paper, rubber, styrofoam,
glasss, alumunium, and clothes/textile. After separated on the basis of study site, the
data were grouped into composition, number, and weight, then analyzed using the
following equation (Coe & Rogers 1997):

1. absolute density (no. waste pieces) = no. pieces of each category/area (m?);

2. absolute density (waste weight) = waste weight of each category/area (m?).

Table 1
Coordinates of observation station in Palu Bay, Central Sulawesi
Stations Latitude Longitude
East Palu L1 0°37'44.26"S 119°48'39.39"E
L2 0°41'46.55"S 119°50'33.77"E
L3 0°45'12.53"S 119°51'35.38"E
L4 0°49'21.96"S 119°52'57.37"E
West Palu L5 0°50'7.49"S 119°48'49.34"E
L6 0°46'8.75"S 119°47'15.73"E
L7 0°41'46.04"S 119°45'28.98"E
L8 0°38'45.59"S 119°44'22.42"E

Water quality. Water quality parameters measured were temperature, salinity, TSS,
turbidity, BODs, COD, NHj;, NO3-N, and PO4-P. Seawater was collected from marine
environment using 100 mL glass bottle. Each sample bottle was labelled with KA1 — KA8
for each sampling point and brought to the laboratory for further analyses. In this study,
water sample was analyzed in Natural Analysis and Environmental Laboratory of Kampus
Bumi Tadulako Tondo following Kurniadi et al (2015).

The correlation value of marine debris to the water quality parameters was
examined using Principle Components Analysis (PCA) (Schaduw 2018; Khedr et al 2019).
This method is intended to determine the optimum axes of the variables projection. To
determine the relationship between two variables, a correlation matrix approach that is
estimated from synthetic indices the index used is the highest indices of each attribute of
the dimension, so that there were 11 indices of 3 replications. PCA is a descriptive
statistic method that provides maximum information of a data matrix in graphic form
(Schaduw 2018). The matrix consists of organic and inorganic marine debris variables
and water quality parameters. Each character was separately analyzed. The closer the
euclidean distance between 2 variables is, the higher the similarity of the variable
characteristics (Legendre & Legendre 2012).

Results and Discussion

Organic marine debris. Based on number of organic marine debris during December
2019 to February 2020, there were the highest number of marine debris in the locality L8
of East Palu, 2,244 pieces in December 2019, 1,945 pieces in January 2020, and 2,141
pieces in February 2020 (Table 2). Walalangi et al (2020) also found the highest number
of organic wastes in West Palu district (L5), 1,049 pieces. This condition could result from
the dominance of seagrass wastes in each quadrat. High number of seagrass pieces in L8
could be caused by sufficiently high human activities in the coastal area that could
damage the seagrass ecosystem. This site (L8) is well-known as marine tourism of
Tanjung Karang and utilized by local or foreign tourists as water tourism destination.
According to Parura & Rahardyan (2020), the types of the organic wastes have increased
after the tsunami and the liquefaction in the bay of Palu city in 2018. Other technique to
detect the organic pollution in marine environment is biomonitoring program (Cesar-
Ribeiro et al 2017; Dirrigl et al 2018; Hertika et al 2021a).
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Inorganic marine debris. The highest number of inorganic wastes was recorded in
December 2019, 874 pieces in L3, January 2020, 997 pieces in L3, and February 2020,
819 pieces in L7, in which plastic wastes dominated each research point, followed with
paper, glass, aluminium, rubber, styrofoam, and clothes/textiles. High number of the
inorganic wastes in L3 (East Palu district) could result from the presence of several
centers of human activities, such as culinary, café, restaurants, and schools, whereas L7
in West Palu district is mining and human residential areas. Walalangi et al (2020) found
the highest number of inorganic wastes, 680 pieces, in East Palu district, dominated by
plastic wastes. This finding is supported by Jambeck et al (2015), GESAMP (2019), and
Rudianto et al (2020) that plastic debris outnumbers the waste types in the coastal
areas, such as in Brazil and several regions in Asia.

Water temperature. Seawater temperatures of Palu Bay in December 2019 to February
2020 at sites L1 to L8 were good enough and in the range of standard water quality for
marine biota and tourism with the highest occurred in January at L5, 31.70°C. This site is
located in West Palu district, by the stream of Palu city that has sufficiently high TSS and
turbidity. As one of the equatorial regions, water temperature in Palu Bay always tends to
rise. The lowest temperature was 28.50°C in February 2020 at site L2 (Table 2). This
condition is nearly similar to that in Bunaken National Park waters, 28.96-29.67°C
(Schaduw 2018) and Depepra waters, 25-31°C (Hamuna et al 2018) with dominant range
of 27-29°C. Temperature has direct and indirect effect in controlling the aquatic
ecosystem condition. The direct effect yields animal’s tolerance to the temperature condition,
while the indirect one occurs through environment, for instance, increase in water
temperature up to certain limit will reduce the oxygen solubility and cause mortality (Effendi
2003; lhiguez et al 2017).

Salinity. The lowest water salinity was recorded in the sampling point L5, 26.40 PSU in
December 2019 and the highest in L2 in January and February 2020, 32.55 PSU. The
waters approaching to the main river of Palu bay had moderate salinity level, point L4
and L5 (Table 2). This salinity condition in Palu Bay is different from that before the
earthquake and tsunami in 2018, the highest of 30.40 PSU and the lowest of 26.70 PSU
(Walalangi et al 2020). The salinity level reported by Hamuna et al (2018) in marine
environment of Depapre district, Jayapura, is not quite different among the study sites
(30-34 PSU) and thus, the salinity conditions have only slight difference. This condition is
quite different from that reported by Khedr et al (2019) in northern Suez Bay waters
during 2017 with salinity range of 40.09-41.04 PSU. This difference could be caused by
different evaporation rate and precipitation.

Total suspended solid (TSS). Mean range of TSS during the study was 23.80 mg L™
(L1 in January 2019) — 45.38 mg L™ (L5 in December 2020). These values are below the
standard water salinity, 80 mg L™ (Table 2). The study site with high mean TSS is
contributed by water input of gold mining activity from the terrestrial area in the
upstream through the main river of Palu city. The site L1 had low TSS in January 2020,
and it is influenced by lower human activities in this area than other localities. This
condition is still below the seawater standard quality for biota, but has exceeded the
standard quality for tourism. Previous finding of Walalangi et al (2020) found TSS
concentration of 39.90-43.80 mg L™, whereas the present study recorded the TSS range
of 23.80-45.38 mg L™. It means that the present finding has wider range of TSS
concentration indicated with increased number of organic debris. It is inversely
proportional to TSS reported by Khedr et al (2019) that the range and mean seasonal
TSS in northern Suez Bay during 2017 is 11.0-29.00 mg L™. TSS concentration in the
rivermouth is affected by sediment and organic matter accumulation from either terrestrial or
ocean, and this condition could disturb the biocecological process in this ecosystem (Marlian
2016; Hertika et al 2021b).

Turbidity. Mean turbidity in each locality and research period tended to be above the
standard quality (< 5 NTU), but one study site, L1, had turbidity below the standard
quality, i.e. 4.37 NTU in December 2019, 4.58 NTU in January 2020, 4.47 NTU in
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February 2020. Mean turbidity ranged from 4.37 to 6.48 NTU (Table 2). This high
turbidity is, of course, related with material inputs from the terrestrial as sediment from
several streams around the bay of Palu city (Walalangi et al 2020). Wiyoto & Effendi
(2020) showed that seawater in Riau islands is clear so that the sunlight intensity is
sufficient for marine biota, below 5 NTU. The turbidity in the coastal ecosystem highly
varies with season, tide, and rainfall (Khedr et al 2019).

BODs and COD. BODs concentration ranged from 0.65 mg L™ in February at L2 to 1.85
mg L™ in January at L8 (Table 2). According to Khedr et al (2019), seawater BODs value
can determine the estimation of oxygen content needed to biologically stabilize the
organic matter. Mean COD recorded in the present study was still below the standard
water quality, 3.19 mg L™* — 8.67 mg L™ in site L2 in February 2020 and L5 in January
2020 respectively. Mean BODs and COD found in this study have not exceeded the
standard quality yet. Several sampling points, particularly near the river of Palu city (L3-
L6) had higher BODs and COD than other sampling points. BODs recorded in the present
study is still below the maximum standard for marine biota recommended in the decree
of the Ministry of Living Environment numbered 51/2004. Effendi (2003) stated that
BODs and COD are needed as indicator parameter in standard quality of aquatic pollution,
since their role is one of the estimators of organic pollution.

Ammonia (NHs.N). During the study, NH;.N ranged from 0.001 to 0.002 mg L™ (Table
2). These values are still below the standard water quality established in the decree of
the Ministry of Living Environment numbered 51/2004, 0.003 mg L™. This condition is
different from that reported by Hamuna et al (2018) who found high concentration of
ammonia in Depapre seawater, Jayapura, 0.8-11.6 mg L™, far exceeding the standard
water quality. The presence of ammonia in the water is an indication of organic material
decomposition, especially protein (Marlian 2016).

Nitrate (NOs). Mean nitrate content in Palu bay ranged from 0.033 to 0.043 L™ (Table
2). This range belongs to olygotrophic waters with NO; content between 0 and 1 L™
(Effendi 2003). It is inversely proportional to Prajati & Widiantoro (2019) in Lengkang
Island, Riau, that is partly covered by domestic wastes so that mean content of this
parameter is above the seawater standard water quality, namely from 0.4 to 1.4 L.
Effendi (2003) and Kurniadi et al (2015) also found that the water body with high
number of organic wastes has higher nitrate content. This condition is in good category
based on the environmental standard quality.

Phosphate (PO4-P). Mean phosphate (PO;-P) in Palu Bay had the range of 0.011 to
0.012 L™, that is categorized as good environmental carrying capacity condition for the
survivorship of the aquatic biota (Table 2). Based on Hamuna et al (2018), phosphate
concentration in Depapre waters ranged from 0.016 to 1.19 mg L. These values indicate
that phosphate content in Depapre waters, Jayapura, has exceeded the seawater
standard water quality. Effendi (2003) stated that phosphate is a very important limiting
factor in productive and unproductive waters in determining the amount of phytoplankton.

Correlation between water quality parameters and marine debris. Table 3
demonstrates that the groupings of 9 water quality parameter characteristics during
December 2019-February 2020 are sufficiently done using 2 major factors (F1 - F2).
These two factors have been able to explain 82.4% (F1 = 65.95%; F2 = 16.45%) of the
total characteristics for December, 61.92% (F1 = 37.06%; F2 = 24.86%) of the total
characteristics for January, and 63.89% (F1 = 38.31%; F2 = 25.58%) of the total
characteristics for February, respectively (Figures 2, 3, and 4).

The correlation value in December exists on the high positive correlation between
organic wastes and TSS, turbidity, BODs, and COD with the value of 0.9124, whereas the
inorganic waste is positively correlated with salinity as much as 0.6994. In January, the
organic wastes are positively correlated with salinity (0.6765) and the inorganic wastes
have strong positive correlation with TSS (0.6422). In February, the correlation
coefficient for organic wastes and PO,-P was 0.8290 and that for inorganic wastes and
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COD was 0.9046 (Table 3). Schaduw (2018) who studied in the waters of Bunaken Island
exhibited different condition, F1 = 79.33% and F2 = 14.22% with major variables of
temperature and PO,4-P. Khedr et al (2019) stated that total major factor in Suez Bay was
76.937% with main variables of salinity, BOD, and pH. Looking at the correlation between
water quality parameters and marine debris, it is apparent that when the organic or inorganic
marine debris are abundant, they will affect the water quality in the coastal area that will
certainly systematically impact the ecosystem.
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Figure 2. Distribution and grouping of water quality and marine debris characteristics in
December 2019.
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Figure 3. Distribution and grouping of water quality and marine debris characteristics in
January 2020.
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Table 2
Mean value of water quality parameters in the coastal area

Parameter Natural Salinity TSS Turbidity BODs COD NH3-N NO; PO,-P  Organic waste Inorganic
unit temperature (°C) (PSU) (mgL™) (NTU) (mglLd (mgl?d) (@mgLhdH (mglL?) (@(mglL?h (pieces) waste (pieces)
December L1 29.70 31.50 24.80 4.37 1.27 6.26 0.002 0.037 0.012 391 70
L2 29.60 32.30 25.00 6.29 1.24 6.08 0.002 0.035 0.012 477 373
L3 29.80 30.65 38.20 6.45 1.46 7.19 0.002 0.039 0.012 745 874
L4 30.80 26.60 39.40 6.33 1.29 6.39 0.002 0.037 0.012 1,018 711
L5 31.00 26.40 45.38 6.26 1.62 7.99 0.002 0.037 0.012 1,102 710
L6 30.60 29.40 42.71 6.14 1.37 6.58 0.001 0.033 0.011 1,262 747
L7 29.60 30.80 29.10 5.37 0.79 3.87 0.001 0.035 0.011 1,179 822
L8 29.00 31.50 26.40 5.20 1.48 4.88 0.001 0.033 0.012 2,244 565
January L1 29.90 31.40 23.80 4.58 1.02 5.08 0.002 0.033 0.011 437 111
L2 29.80 32.55 25.20 6.32 1.14 5.62 0.002 0.037 0.012 359 498
L3 30.00 30.40 39.70 6.48 1.35 6.64 0.001 0.041 0.012 488 997
L4 31.50 29.60 39.20 6.55 1.54 7.58 0.002 0.043 0.012 585 822
L5 31.70 28.80 43.80 6.40 1.76 8.67 0.001 0.039 0.012 695 803
L6 30.50 29.30 42.61 6.45 1.37 6.58 0.002 0.037 0.011 740 846
L7 30.20 30.70 35.10 5.37 1.71 8.42 0.001 0.035 0.011 716 945
L8 29.50 30.70 26.40 5.40 1.85 7.68 0.001 0.040 0.011 1,945 668
February L1 28.80 30.40 25.60 4,47 1.28 6.39 0.002 0.033 0.011 1,369 41
L2 28.50 32.55 25.70 5,32 0.65 3.19 0.002 0.035 0.012 415 414
L3 29.00 30.40 39.90 6,48 1.79 8.83 0.001 0.033 0.012 653 743
L4 29.50 26.70 41.40 6,40 1.27 6.28 0.001 0.035 0.012 922 689
L5 30.20 27.80 43.80 6,30 1.31 6.49 0.002 0.039 0.012 1,049 659
L6 30.50 30.30 41.51 6,35 1.44 7.06 0.001 0.037 0.012 904 681
L7 30.50 31.80 31.30 6,45 1.59 7.79 0.002 0.033 0.012 1,000 819
L8 29.50 30.50 27.40 5,20 1.38 6.85 0.002 0.035 0.011 2,141 624
Walalangi et L3 29.00 30.40 39.90 6,48 1.79 8.83 0.001 0.033 0.012 653 743
al (2020) L4 29.50 26.70 41.40 6.40 1.27 6.28 0.001 0.035 0.012 922 689
L5 30.20 27.80 43.80 6.30 1.31 6.49 0.002 0.039 0.012 1,049 659
L6 30.50 30.30 41.51 6.35 1.44 7.06 0.001 0.037 0.012 904 681

Note: Standard water quality according to the Decree of the Ministry of Living Environment Numbered 51/2004 for: 1) Aquatic biota: temperature (28-32°C), salinity (< 34
PSU), TSS (80 mg L™), turbidity (< 5 NTU), BODs (> 45 mg L™), COD (> 80 mgL™), NHs.N (0.003 mg L ™), NO5 (0.008 mg L ™), PO4-P (0.015 mg L™); 2) Tourism: TSS (20
mg L™), turbidity (< 5 NTU), BODs (> 45 mg L™), COD (> 80 mgL™), NO5(0.008 mg L™).
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Table 3
Correlation of water quality parameters with organic and inorganic marine debris in December 2019, January 2020, and February 2020

Variable Temperature  Salinity TSS Turbidity ~ BODs coD N-NHs NOs PO,-P Organic  Inorganic
wastes wastes
December 2019
Temperature 1.0000 0.1260 0.5989 0.5989 0.5989 0.5989 0.5286 0.3897 0.2263 0.6407 -0.0884
Salinity 0.1260 1.0000 0.4508 0.4508 0.4508 0.4508 0.3810 -0.0223 0.7838 0.0780 0.6994
TSS 0.5989 0.4508 1.0000 1.0000 1.0000 1.0000 0.8452 0.6048 0.5040 0.9124 0.5794
Turbidity 0.5989 0.4508 1.0000 1.0000 1.0000 1.0000 0.8452 0.6048 0.5040 0.9124 0.5794
BOD5 0.5989 0.4508 1.0000 1.0000 1.0000 1.0000 0.8452 0.6048 0.5040 0.9124 0.5794
COD 0.5989 0.4508 1.0000 1.0000 1.0000 1.0000 0.8452 0.6048 0.5040 0.9124 0.5794
N-NH3 0.5286 0.3810 0.8452 0.8452 0.8452 0.8452 1.0000 0.7482 0.7454 0.7286 0.3160
NO3 0.3897 -0.0223 0.6048 0.6048 0.6048 0.6048 0.7482 1.0000 0.3637 0.6914 0.2453
PO4-P 0.2263 0.7838 0.5040 0.5040 0.5040 0.5040 0.7454 0.3637 1.0000 0.1794 0.4039
Organic wastes 0.6407 0.0780 0.9124 0.9124 0.9124 0.9124 0.7286 0.6914 0.1794 1.0000 0.3826
Inorganic wastes -0.0884 0.6994 0.5794 0.5794 0.5794 0.5794 0.3160 0.2453 0.4039 0.3826 1.0000
January 2020
Temperature 1.0000 -0.0894 0.1331 0.0483 0.2796 0.2796 0.1582 0.6492 0.0678 -0.2060 0.1409
Salinity -0.0894 1.0000 0.4508 -0.0996 0.4383 0.4383 0.5313 -0.3071 0.4132 0.6765 0.6286
TSS 0.1331 0.4508 1.0000 -0.5647 -0.1200 -0.1200 0.1091 -0.4138 0.0000 -0.3461 0.6422
Turbidity 0.0483 -0.0996 -0.5647 1.0000 0.7185 0.7185 0.4125 0.5416 -0.4875 0.3582 -0.0604
BODS5 0.2796 0.4383 -0.1200 0.7185 1.0000 1.0000 0.7334 0.2451 -0.0917 0.5325 0.2653
COD 0.2796 0.4383 -0.1200 0.7185 1.0000 1.0000 0.7334 0.2451 -0.0917 0.5325 0.2653
N-NH3 0.1582 0.5313 0.1091 0.4125 0.7334 0.7334 1.0000 0.0486 0.0000 0.4567 0.5261
NO3 0.6492 -0.3071 -0.4138 0.5416 0.2451 0.2451 0.0486 1.0000 -0.2431 0.0467 -0.0481
PO4-P 0.0678 0.4132 0.0000 -0.4875 -0.0917 -0.0917 0.0000 -0.2431 1.0000 0.4536 -0.2547
Organic wastes -0.2060 0.6765 -0.3461 0.3582 0.5325 0.5325 0.4567 0.0467 0.4536 1.0000 0.1101
Inorganic wastes 0.1409 0.6286 0.6422 -0.0604 0.2653 0.2653 0.5261 -0.0481 -0.2547 0.1101 1.0000
February 2020
Temperature 1.0000 -0.7728 -0.8267 0.4998 0.0076 -0.6349 -0.4071 0.2050 0.1335 -0.2651 -0.6601
Salinity -0.7728 1.0000 0.5095 -0.3950 0.2066 0.7057 -0.0519 -0.3348 0.0387 0.5618 0.5868
TSS -0.8267 0.5095 1.0000 -0.6369 0.1065 0.4820 0.2130 -0.1375 0.1588 0.3565 0.4035
Turbidity 0.4998 -0.3950 -0.6369 1.0000 -0.1964 -0.3492 0.2234 -0.4784 -0.1362 -0.3310 -0.4152
BOD5 0.0076 0.2066 0.1065 -0.1964 1.0000 0.1936 -0.4655 0.1803 0.2082 0.2537 0.0519
COD -0.6349 0.7057 0.4820 -0.3492 0.1936 1.0000 0.1765 -0.4539 -0.4492 0.0566 0.9046
N-NH3 -0.4071 -0.0519 0.2130 0.2234 -0.4655 0.1765 1.0000 -0.1936 -0.4472 -0.3667 0.4020
NO3 0.2050 -0.3348 -0.1375 -0.4784 0.1803 -0.4539 -0.1936 1.0000 0.1443 -0.0574 -0.1654
PO4-P 0.1335 0.0387 0.1588 -0.1362 0.2082 -0.4492 -0.4472 0.1443 1.0000 0.8290 -0.6243
Organic wastes -0.2651 0.5618 0.3565 -0.3310 0.2537 0.0566 -0.3667 -0.0574 0.8290 1.0000 -0.1373
Inorganic wastes -0.6601 0.5868 0.4035 -0.4152 0.0519 0.9046 0.4020 -0.1654 -0.6243 -0.1373 1.0000
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Conclusions. The organic marine debris was dominated by seagrass pieces, then other
waste types, such as vegetable, fruit, fish bone, leaves, branches, etc., while the
inorganic waste consisted of plastic, glass, clothes/textile, aluminium, rubber, paper, and
styrofoam. Plastic wastes were the most recorded in this study. PCA on the water quality
parameters showed several positive correlations, such as TSS, turbidity, BODs, and COD
to the organic wastes, whereas salinity was positively correlated with inorganic wastes in
December. In January 2020, the correlation was found between organic waste and
salinity and inorganic waste and TSS. In February 2020, there was positive correlation
between the organic waste and PO4-P, then inorganic waste and COD. There was
significant difference in number of marine debris before and after the tsunami in the
coastal area of Palu city. The source of marine debris is certainly from the wastes of
human activities. Coastal waters and river are major media for waste distribution in the
bay of Palu city. The culinary activities along the beach have also contributed to
producing the wastes. The waste piles will continuously rise if the waste treatment is not
considered, and eventually will reduce the aesthetical value of the coastal and marine
areas of Palu bay.
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