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Abstract: Marine plastic debris is a primary problem in most countries. The study aims to analyze the 

abundance and spatial trajectory of marine plastic debris using a new horizontal and vertical trajectory approach in 

the deep seawater column of the Haruku Strait, Central Moluccas, Indonesia. The methodology integrates macro- 

and microplastic field sample abundance, photomicroscope analysis, and 2D hydrodynamic trajectory modeling. 

The study revealed that the composition of macroplastics was 69% plastic bag or plastic item (17%), bottle and cup 

fragments, nylon fishing gear 8%, polystyrene blocs 3%, clothes and footwear 2%, and rubber 1%. The components 

of microplastics are plastic fragments (64%), fibers (33%), pallets (1%), and plastic films (2%). The essential 

finding is that the size range of microplastic is 100-500 µm out of the five size classes potentially swallowed by 

marine organisms. Macro and micro-plastics spread by a current speed of 0.1-1.3 m.s
-1

 with the north and southward 

trajectory pattern. Plastic debris mainly spreads in the shallow coastal high biodiversity area depth of 0-15m out of 

ten depth-class trajectories up to 204 m in the deep sea of 2,100 m at the Haruku Strait. The dominant microplastic 

color is bright blue (75%). This scientific problem-solving contribution can be used for public and government 

awareness regarding communal plastic waste disposal behavior and as a basis for planning, mitigation strategies, 

and policies.  

Keywords: hydrodynamics, microplastics, trajectory, Haruku Strait. 

印尼遥六海峽深海宏觀和微觀塑膠表面的水動力軌跡模型 

摘要：海洋塑膠垃圾是大多數國家面臨的首要問題。該研究旨在利用新的水平和垂直軌
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跡方法分析印尼中摩鹿加群島哈魯庫海峽深海水柱中海洋塑膠碎片的豐度和空間軌跡。該方

法整合了宏觀和微觀塑膠現場樣品豐度、光學顯微鏡分析和二維流體動力學軌跡建模。研究

顯示，大塑膠的成分為69％的塑膠袋或塑膠製品（17％）、瓶子和杯子碎片、尼龍漁具8％

、聚苯乙烯塊3％、衣服和鞋類2％以及橡膠1％。微塑膠的成分是塑膠碎片（64%）、纖維

（33%）、托盤（1%）和塑膠薄膜（2%）。重要的發現是，在可能被海洋生物吞食的五個

尺寸類別中，微塑膠的尺寸範圍為100-500微米。宏觀和微觀塑膠以0.1-1.3 m.s-1 

的當前速度傳播，具有向北和向南的軌跡模式。塑膠碎片主要分佈在春急海峽2100米深海中

最深204米的10個深度級軌跡中0至15米深度的淺海沿海高生物多樣性區域。微塑膠的主要顏

色是亮藍色（75%）。這種科學解決問題的貢獻可用於提高公眾和政府對公共塑膠廢棄物處

理行為的認識，並作為規劃、緩解策略和政策的基礎。 

关键词：流體動力學、微塑膠、軌跡、遥六海峽。 

 
 

1. Introduction 

In recent years, the literature on floating plastics 

composed of macro- and microplastics and their spatial 

distribution has increased significantly [1, 2, 3, 4]. 

Category floating plastics in marine environments 

based on their size, i.e., metaplastic (≥ 1 m), 

macroplastic (≥ 2,5 cm
-1

 m), mesoplastic (≥ 1 mm - 2,5 

cm), microplastic (≥ 1 µm - 1 mm), and nanoplastic (≤ 

1 µm) [5]. Floating plastic particles have become a 

major environmental problem worldwide [2, 3, and 4]. 

Plastic waste has increased by 2,000% globally in the 

last 65 years, becoming a “plasticsphere” in the marine 

environment [6]. Upon entering an aquatic 

environment, plastics experience mechanical erosion, 

photochemical oxidation, and physical degradation [7, 

8], resulting in fragmentation [7, 8]. Many 

environmental problems arise when marine organisms 

such as plankton, invertebrates, fish, and mammals 

ingest plastic waste [9, 10]. It spreads into various 

marine environmental matrices, such as water and 

sediment, and seriously affects Indonesian seawater as 

the largest archipelagic country in the world [11, 12]. A 

study on microplastic particles using Fourier Transform 

Infrared analysis of the sediment of Jakarta Bay found 

that the amount of microplastic particles was in the 

range of 18,405-38,790 particles/kg with a dominant 

size of 100-500 μm [13]. The study of microplastic 

abundance in the sediment and coral reef of Sekotong 

Beach, Lombok Island, varied from 35 to 77 

particles/kg with a mean value of 48.3 ± 13.98, with 

most plastic polymers found being polyethylene and 

polypropylene [14]. Identifying the microplastic 

pollution among the small islands in Bintan Regency, 

Riau, we discovered that polyethylene (PE) percentage 

was (17.3 ± 8.3%), low-density PE (17.6 ± 5.5%), 

oxidized-LDPE (<0.1%), polypropylene (PP) (54 ± 

13%), atactic PP (<0.4%), isotactic PP (<0.2%), and 

polystyrene (PS) (10.4 ± 9.1%). They are in the form of 

fragments (50.9 ± 4.9%), fiber (26.2 ± 3%), particle 

(13.1 ± 3.8%) and film (9.8 ± 5.1%) [4].  

The main criteria in this study were the integration 

of field macro- and microplastic pollutants and their 

spatial trajectories in horizontal and vertical seawater 

columns in the deep sea. Expanding the analysis to 

deep seas is crucial because spreading marine plastic 

debris in deep seas will make it more difficult to clean. 

This study was conducted in the Haruku Strait, Central 

Maluku Province, Indonesia (Fig. 1). The Haruku Strait 

lies in the eastern part of Indonesia, flanked by Ambon 

Island and Haruku Island. The depth of the strait is up 

to 2,100 meters between two seawater masses of the 

Banda Sea in the south and the seawater of the Seram 

in the north. Community settlements along the coast of 

the Haruku Strait have two areas: Salahutu District, 

with a population of 53,053 people, and Haruku 

District, with a population of 28,012 people [15]. There 

is a conservation area in the Haruku Strait, the Pombo 

Island Marine Nature Park. This region has an 

extensive coral reef ecosystem with a percentage of 

live coral cover of 73% and high marine biodiversity 

with 127 coral and 150 reef fish species [16]. The 

Haruku Strait is also the path of large pelagic fish, 

whales, and dolphins. The results of this study can 

build a positive awareness among local communities 

regarding plastic waste disposal behavior. The essential 

finding and application of the spatial trajectory pattern 

of macro and microplastic debris in the area will 

become the basis for planning efforts and strengthen 

the foundation for policymaking on the mitigation of 

marine plastic debris for local governments and 

relevant ministries at the national level. 
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2. Materials and Methods 
 

2.1. Materials and Sampling Stations 

Field surveys and sampling of macro- and 

microplastics were carried out in October 2020. The 

major sources of floating plastic in marine waters are 

coastal land and river mouths. Macroplastic samples 

were collected at 21 stations at landfill waste sites 

along the coastal plains and around densely populated 

river mouths. Microplastic floating samples were 

collected at 21 stations in seawater at distances up to 1 

km from the coastline. Sampling stations were 

perpendicular to the shoreline and toward the sea, from 

the location of the macroplastic samples.  

 
Fig. 1 Study area of the Haruku Strait in Moluccas (Compiled by 

the authors) 

 

2.1.1. Macroplastic Sample Collection 

Macroscopic samples were collected by [4], using a 

30-m line transect among sampling locations on the 

coast during high tides because plastic debris tended to 

accumulate in this zone (Fig. 1). Three 2 x 2 m 

quadrants were placed along the transect line parallel to 

the shoreline and river mouth at 0–2 m, 14–15 m, and 

28-30 m along the transect line to seaward. 

Macroplastic samples were identified in the laboratory 

and grouped according to their type using the method 

of [4]. Further analysis is required to determine its 

type, percentage, and spatial distribution. 

 

2.1.2. Microplastic Sample Collection 

Microplastic sample collection from seawater used 

the towing method of the 25 µm mesh plankton net 

[17]: circular plankton net with a diameter of 25 cm 

and length of 85 cm with a 1-L sample tube at the end. 

The plankton net was towed beside the boat for 5 min 

with a distance covered of 1,000 m and a boat speed of 

3-4 knots. 

 

2.1.3. Separation and Identification of Microplastics 

One liter of the seawater sample was placed in a 

glass beaker containing 1% H2O2 to oxidize the organic 

matter adsorbed by the plastic surface. After 24 h, the 

microplastic was floated in 3 M ZnCl2 to separate it 

from the nonplastic material. The sizes of the 

microplastic classes are <50 μm, 50–100 μm, 100–500 

μm, 500–1000 μm, and >1000 μm. Size separation 

particles were obtained by washing the filter with 

ZnCl2 (3M) salt solution and using sterile filter paper 

of Whatman® cellulose nitrate with 47 mm diameter 

with 0.45 μm pore-size. The filtration process was 

accelerated using a gas vacuum pump [14]. The filter 

paper was then dried in oven at 105°C for 30 min [18]. 

Result of the separated and filtered microplastics were 

then observed using an Olympus SZX10 Research 

High-Class Stereomicroscope (Olympus Corporation, 

Japan) and an Olympus UC30 digital camera and 

Image-J software to observe microplastic shape, color, 

and size [19]. The international standard analysis 

method for the polymer type of microplastic was 

identified using Perkin Elmer Frontier FT-IR with KBr 

(Potassium Bromide) Pellet preparation. Microplastic 

particles were ground into powder homogenized with 

KBr pellet, and then pressed with a hydraulic 

instrument for 5 min. Solid-pressed samples were 

analyzed using FTIR. The polymer types were 

determined within a wavelength range of 4000-400 cm
-

1
.  

 

2.2. Hydrodynamic Modeling 
 

2.2.1. Current Hydrodynamic Modeling 

Current modeling uses the numeric 2D 

hydrodynamic method with data input of (1) coastline 

spatial data high-resolution satellite data from 

WorldView-2 satellite recorded on August 12, 2019; 

(2) bathymetric data from Indonesian Spatial 

Information Bureau [20]; (3) spatial wind speed and 

direction data with a resolution of 0.125° x 0.125° from 

European Center for Medium-Range Weather 

Forecasts [21] for the period of July 2018–July 2019; 

(4) tide data year 2019. The three main areas of the 

model border are (1) west Seram sea, (2) East Seram 

Sea, and (3) Banda sea, as presented in Figs. 2a and 2b. 

Spatial numerical modeling for the current dynamics is 

based on simulation of the sea-surface water elevation 

variation and the generated current as an effect of 

bottom shear stress, wind shear stress, barometric 

pressure gradients, Coriolis force, momentum 

dispersion, sources and sinks, evaporation, flooding, 

and drying, and wave stresses [22]. The contour 

steering of currents is an important issue in general 

oceanic model circulation (Wang, Danilov, and 

Schröter, 2008). A fixed element mesh was applied in 

this study, where a fix mesh at the main domain is 

essential to divide the region of interest into cells and is 
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used for hydrodynamics calculations on spatial discrete 

for 2D-depth averaged equations [23, 24]. The 

proposed method uses an unstructured grid by applying 

the unfix grid method to accommodate runtime 

computations. The gridding method uses a coarse mesh 

to a finer dense mesh in the main area of interest. The 

gridding method is good for representing detailed 

topographic coastline data. The condition and model 

boundary were determined using the mathematical 

continuity equation [22, 25]: 

    

Horizontal momentum equation for components is 

as follows [22]: 

 
In this equation, x, y, and z are the Cartesian 

coordinates for the direction of x, y, z; t is time, u is the 

speed of water particles in the x-direction; v is the 

speed of water particles in the y-direction; w is the 

speed of water particles in the z-direction; η is the 

surface water elevation; d is the depth; h is the total sea 

depth; f is the Coriolis parameter, f = 2Ω sin Ø; where 

Ω is the ratio of the earth revolution; Ø is the 

coordinate; g is the gravitational acceleration; SXX, SXY, 

SYY,SYY are the radiation stress tensor; vt is the eddy 

viscosity in the vertical direction; pa is the atmospheric 

pressure; ρ0 is the seawater density; S is the volume 

debit of sources; us is the speed of seawater particle 

sources in the x-direction; and vs is the speed of 

seawater sources in the y-direction.  

 

 
Fig. 2 (a) Depth interpolation in area domain; (b) bathymetry of the 

2D-numeric hydrodynamic model of Haruku Strait (The authors) 
 

2.2.2. Hydrodynamic Trajectory Model 

The spatial distribution of plastic particles was 

determined using the Langevin hydrodynamic 

trajectory method, which is a Lagrangian distinct 

model approach using equation [26] : 

 
where a - drift term, b - diffusion term, and  - particle. 

The model simulation was carried out for a one-

month period during the west season of January 2020, 

which has the highest sea surface current [27]. More 

plastic debris will be released and spread during the 

western season with high rainfall and wind speed [14]. 

The period of the simulation model in this research is 

1-30 January 2020, with a time interval of 600 s and 

minimum time step of 0.01 s. The input data used in 

the modeling were a digital coastline map, bathymetry, 

daily wind speed and direction, and one-year tide data 

with 25 min intervals. The flux scenario is 10 g. s
-1

 

for microplastics and 10 g.s
-1

 for macro plastics, and 

25-50 per period step, weighing 100 g and 40 grams,, 

respectively. Horizontal dispersion is given in 1–1.2 

m
2
.s

-1
 and vertical dispersion is in 0.001–0.01 m

2
.s

-1
. 

The wind speed variation due to the time function can 

be used as a drift profile parameter for the movement 

of micro- and macroplastic particles. The results of the 

hydrodynamic simulation indicate the applied working 

force parameters are wind movement, sea surface 

current and tidal level variation. The model was 

developed based on particle tracking applied to 21 

points at marine debris discharge source stations, both 

for macro- and microplastic, with the consideration that 

marine plastic debris was transported through rivers, 

rain, and land [4, 14, 28]. The numerical method 

applied in this study is the Cartesian system to obtain 

better displacement locations and is easy to apply in 

local areas with complex input parameters [27]. 

 

2.3. Tide Data 
In the process of trajectory modeling using the 

numeric hydrodynamic modeling of Mike-21 software, 

a prerequisite step was required to generate the current 

model first. For this purpose, we used in situ tide 

measurement data from Talehu Village, Ambon, 

operated by the Indonesian Geospatial Agency (Badan 

Informasi Geospasial) [20]. After inputting the in situ 

tide numeric data, the hydrodynamic model software 

generated the simulated tide model, which was then 

used for the validation of the in situ tide data. The 

validation parameter was the tide elevation resulting 

from the hydrodynamic modeling, then compared to 

the in situ tide elevation of the tide station in Talehu 

Village, Ambon. The tide validation period was set for 

31 days in January 2019 using the root mean square 

(RMS) method, as previously described [29].  

 

3. Results 
 

3.1. Macro- and Microplastic Abundance 
The composition of macroplastics found at 21 

sampling stations in the coastal area of the Haruku 
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Strait is presented in Fig. 3. The macroplastics found 

were plastic bags or plastic items (PB-PI) with a 

composition of 69%, bottle and cup fragments (BCF) 

of 17%, nylon from fishing gear (NFG) 8%, 

polystyrene blocks (PSB) 3%, clothes and footwear 

(CFW) 2%, and rubber (Ru) 1%. Polypropylene 

polymer (PP) material dominates in macroplastics. The 

major plastic particles found in the Haruku Strait are 

plastic fragments and fibers which is also found in 

previous studies [4, 14, and 30]. This finding indicates 

that the island community life and behavior are still 

dependent on the use of plastic in household activities. 

The components of microplastics are plastic fragments 

(64%) and fiber (33%) pallets (1%) and plastic films 

(2%). The dominance of fragments and fibers in the 

waters of the Haruku Strait indicates the fragmentation 

of marine plastic debris by physicochemical processes. 

 
Fig. 3 Abundance and proportions of macroplastics by type at each 

station (The authors) 

 

PB-PI is found at all sampling stations with much 

higher quantities than other types of macroplastics. The 

PB-PI type mainly originates from residential areas, 

such as plastic wrap of food or ingredients, such as 

instant noodles, snacks, cooking oil, flour, and biscuits. 

Source locations mainly are mainly in high-level urban 

areas [4]. The organisms are transported through 

community drainages to rivers and beaches and enter 

the marine ecosystem. Then, undergo fragmentation 

into smaller parts and become micro- and nano-sized, 

as reported by [4, 28, 30]. The colors of the 

microplastics are blue, red, green, and white. Bright 

blue is the most common color (75%) and found in 

every station. The color of microplastics may affect the 

amount of microplastics consumed by living marine 

organisms. The dominant bright blue color of 

microplastics (75%) is found at every station in the 

Haruku Strait, as also reported in [30]. Several previous 

studies have stated that brightly colored microplastics 

have a higher risk of consuming by pelagic fish and 

other marine organisms [4]. Color microplastics could 

be considered food-like by some marine organisms [6]. 

Earlier authors believe that light-colored plastics 

constitute the majority of microplastics in marine 

environments. The preference for these colors might 

mimic the visual preferences of marine organisms that 

may resemble their feed, and colored micro-plastics 

could be considered food-like organisms by some 

marine organisms [6, 7].  Size class compositions of 

the microplastics found in the study area (Fig. 4). The 

dominant size range of microplastic is 100-500 µm 

which is potentially swallowed by marine organisms. A 

study in Jakarta Bay, Indonesia, found 18,405–38,790 

particles in 1 kg of dry sediment, which were 

dominated by fragment types and in a size range of 

100–500 μm [13]. Smaller plastics can have more 

harmful impacts than larger plastics [4]. Smaller 

diameters or surface areas have more potential to be 

digested by low trophic suspensions, filter and deposit 

feeders, detritivores, and planktonivores [6]. It can 

accumulate in the organism, resulting in physical 

damage, such as internal abrasions and blockages. In 

addition, the toxicity of ingested microplastics can also 

arise from the leaching of constituent contaminants, 

such as monomers and plastic additives, which can 

cause carcinogenic and endocrine disorders. The 

amount of plastic in water is highly dependent on the 

volume of marine plastic debris from macro- and 

microplastics [28, 31]. Several previous studies [4, 14, 

30] found the highest number of fragments and fiber 

types in the Haruku Strait. It is stated that the shape of 

these fragments and fibers originated from the larger 

plastic fragmentation of macroplastics due to 

physicochemical and biodegradation processes in 

marine environments [4]. 

 
Fig. 4 Size class, microplastic abundance (particles/L), and color 

(The authors) 

 

The first step result of the tide hydrodynamic 

modeling use the measured in situ tide data station at 

Talehu Village, Ambon, for a period of 31 days in 

January 2019 and found a high tide of 1m with an RMS 

similarity value of 0.105 m. Based on this value, can be 

used for the next spatial dimension of the seawater 

current 2D hydrodynamic modeling. The results of the 

current model for the Haruku Strait are presented in 

Fig. 5. The current speed ranges between 0.1–1.3 m.s
-1

. 

The dynamics of current patterns in the Haruku Strait 

exhibit relatively complex variation with the influence 

of current mixing from the Banda Sea in the south and 

seawater from the Seram Strait in the north, as well as 

the effect of sea bed morphology at depths up to 2,100 

m. During the low-tide period (Fig. 5a), the current 

moving from the east of the Banda Sea pushes the 

water mass southward along the strait with speeds 

range of 0.1–0.9 m.s
-1

. The current pattern experienced 

rotation in the northern bay of Telugu, Salute, at speed 

of 0–0.2 m.s
-1

. The strongest current speeds found in 

the eastern Teluhu and western Haruku areas, range 
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0.4–0.9 m.s
-1

 and the west of Liang, near a small island. 

The southward current is divergently moving eastward 

on Haruku Island with speed range 0.1–0.7 m.s
-1

. Then, 

the westward seawater current was spread to the north 

of Salahutu Island at a speed of 0.1–0.5 m.s
-1

. The 

northward current from the Banda Sea then turned 

toward Teluhu's southeast due to the large mass of 

seawater moving to the south. During the high-tide 

period (Fig. 5b), the current moves from the east of the 

Banda Sea at a speed of 0.2–0.7 m.s
-1 

to the west and 

then turns north into the Haruku Strait. Current 

convergence was found at some capes in Telugu and in 

the southern part of Haruku at a speed of 0.5–1.0 m.s
-1

. 

The highest current speed was observed between 

Salahutu and a small island in the middle of the Haruku 

Strait at a speed of 0.7–1.0 m.s
-1

. Slow current is found 

along the bays of Salahutu and Haruku Islands. In 

general, the result of the current pattern indicates a 

stronger northward current during high tide with speed 

of 0.5–1.1 m.s
-1

, then the current flows southward 

during the low ebb tide period. This is because the 

water mass from the Banda Sea is larger than that from 

the Seram Strait, where the seawater mass transported 

from the Banda Sea has a higher current speed. This 

specific dynamic current pattern is believed to play a 

significant role in influencing the movement of 

seawater mass and the transportation of macro- and 

microplastic particles in the Haruku Strait.  

 

 
Fig. 5 The current pattern (left - a: high tide), (right - b: low tide) 

(The authors) 

 

3.2. Spatial Trajectory of Plastic Particles 

The spatial trajectory model for the Haruku Strait of 

the macro-plastic is shown in Fig. 6a (left panel) and 

microplastic is shown in Fig. 6b (right panel). The 

spatial distribution patterns of macro- and micro-

plastics in the Haruku Strait can be classified into four 

dominant movement patterns, as shown in Figs. 6a-d 

and 6e-h. In Fig. 6a, macroplastic particles in the 

middle of the Haruku Strait move southward, while the 

particles in the northern part of the strait move 

westward. Macro-plastic particles in the middle of the 

Haruku strait dominantly move northward and turn 

west, and some of the particles already in the Banda 

Sea are turning westward due to the current direction 

from the east of the Banda Sea (Fig. 6b). Plastic 

particles concentrated in the north of the Haruku Strait 

slow down and turn toward the west coast due to the 

eastward current from the west of the Seram Strait (Fig. 

6c). There are also particles in the southeast of the 

Haruku Strait that have undergone rotation due to the 

influence of currents from the south (Banda Sea) that 

turn north and enter the strait, as shown in Figs. 6b and 

6d shows the dominant particles moving northward 

following current circulation in the northern strait. 

Some particles are transported to the west and east with 

relatively high current speeds. Both macro- and 

microplastic particles in the Haruku Strait moved 

dominantly southward to the Banda Sea (Fig. 6e). In 

this case, microplastics in the north of Liang and north 

of the Haruku Strait are transported to the west due to 

the strong current in the Seram Strait, turning south and 

entering the Haruku Strait and partly moving straight to 

the north of Liang (at the north coast of Salahutu 

Island). Fig. 6f shows a strong southern current from 

the Banda Sea entering the Haruku Strait, pushing 

particles from the bay toward the north and turning 

west due to currents pushing from the eastern part of 

the Seram Strait. A vortex motion of particles was 

observed on the southwest coast of Haruku Island. The 

eddy current affected the motion of the particles (Fig. 

6b). As shown in Figs. 6g and 6h, the movement of 

particles in the bay moves northward and turns west 

after reaching the Seram Strait. In Fig. 6h, the current 

inside the bay is relatively calm, and the microplastic 

particles are concentrated in the northern part of the 

bay. The movement of macro- and microplastic 

particles in the Haruku Strait is influenced by the 

strength of the Banda Sea currents in the south and the 

Seram Sea in the north. These results reveal that tidal 

dynamics directly affect the dynamics of the sea in the 

Haruku Strait. 

a) b)
a) b)
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Fig. 6 Trajectory patterns of macro- and microplastic particles in 

the Haruku Strait (The authors) 

 

3.3. Distribution of Macroplastic Particles in 

Seawater Columns 

The result in Fig. 7 shows the distribution of 

macroplastic particles in the water column after 10 

days of hydrodynamic trajectory modeling. Color dot 

variations showing the distribution of macroplastics in 

the water column at various depths.  In both period of 

high tide (Fig. 7a) and low tide (Fig. 7b), most of the 

macroplastics were concentrated on the beaches at the 

Teluku Liang and Haruku beaches. Macro plastic 

originating from the coast and river mouths in the 

Haruku Strait was pushed by a strong current in the 

Banda Sea, moving north and turning west because of 

the dominant current in the Seram Strait from the east. 

No macroplastic deposition was found in the southern 

coastal waters of Teluhu and Hapuku. Fig. 8 presents 

the distribution and depth variations of microplastic 

particles in the water column after 10 days of 

hydrodynamic trajectory modeling. This figure shows 

microplastic particles scattered at various ocean depth 

range of 0-204 m. Major depth of microplastic particles 

is found in shallow water depth of 0-15 m. The deepest 

microplastic particles found is in the depth of 204 m. 

These particles were concentrated in the coastal area 

and the northern part of the Haruku Strait. Observation 

around the Liang coastal seawater revealed plastic 

concentration in the coral reef area and at the northeast 

side of the Liang water. No plastic particles were found 

along the sandy coastal area of Teluhu Bay or in the 

middle of the strait. Particles tend to pass through the 

area and turn west because of strong flow from the 

Banda Sea. These particles may have been submerged 

in the Seram strait when the current became weaker 

and mixed with the flow from the east of the Strait.  

Microplastic contamination in Indonesia has also been 

found in deep-sea sediments in the coral reef of 

Sekotong Island [14]. This study uses field samples and 

laboratory analysis during the easterly monsoon. The 

microplastic concentrations ranged from 35 to 77 

particles per kg, with an average of 48.3 ± 13.98 (SD) 

particles per kg. As in Sumba waters, which have 

relatively low anthropogenic activity [14].  

 

 
Fig. 7 Distribution of macroplastic particles in the seawater column 

(panel a: high  tide and panel b: low tide) (The authors) 
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Fig. 8 Distribution of microplastic particles in the seawater column 

during the 10-day spring tide period (a: high tide, b: low tide) (The 

authors) 

 

4. Discussion 

Macro and micro-plastics were transported at a 

current speed of 0.1-1.3 m.s
-1

 spread from high 

biodiversity coastal areas to deep seas of 2,100 m. The 

Haruku Strait is a narrow strait. Similar supporting 

research stated that significant changes from wide to 

narrow strait areas affect the changes in water level 

elevation and current velocity in the narrow waters. 

The narrow straits in the waters of the Haruku Strait 

affect the formation of faster and stronger current 

flows. This increases the tidal range and influences the 

formation of strong currents [32, 33]. Variations in 

current velocity in this narrow strait resulted in a 

pattern of particle accumulation and deposition in 

coastal waters. Previous studies have assumed that the 

current pattern represents a transport medium in which 

plastic particles are widely dispersed. The 

oceanographic conditions affect the horizontal and 

vertical particles spread in the seawater column of the 

seawater dynamics because plastic particles are passive 

materials. Degradation of plastic particles will result in 

smaller particle sizes. Changes in the current patterns 

resulted in changes in the direction of movement of the 

particle content. Macro- and microplastics are widely 

distributed because of the current patterns generated by 

tides and winds [34]. In the case of the Haruku Strait, 

where macro- and microplastics are concentrated in the 

coastal waters on the east and west sides of the strait, 

the bay-form morphology of the beach functions as a 

trap. In coastal waters, shallow waters have calm 

currents that inhibit the movement of macro- and 

microplastics. This will have a worse impact because 

of the concentration of macro- and microplastics in 

mangrove ecosystems, coral reefs, and seagrass beds. 

These ecosystems function as habitats, shelters, 

nursery, and feeding grounds for various marine 

organisms with high biodiversity. Previous studies 

have also reported that microplastic contamination in 

various forms in water columns can make them reach a 

depth of 200 m [31]. The distribution of macro- and 

microplastics in deep waters is increasingly difficult to 

clean and has become a location for new plastic 

stockpiles and sources. Erosion in the long term 

continued to occur on deep seafloor and broke down 

plastic particles into smaller nano-sized particles. 

These tiny particles can rise back to the surface and are 

dispersed widely by upwelling dynamics, turbulence, 

or other ocean dynamics.  

Examination and identification of microplastic 

pollution by polymers on small islands of Bintang, 

Riau Islands, Indonesia used Attenuated Total 

Reflectance Fourier Transform Infrared Spectroscopy 

(ATR-FTIR) [4]. This study discovered the proportion 

of polyethylene (PE) 17.3 ± 8.3%, Low Density PE 

17.6 ± 5.5%, Oxidized LDPE < 0.1%, Polypropylene 

(PP) 54 ± 13%, atactic PP < 0.4%, isotactic PP < 0.2%, 

and polystyrene (PS) 10.4 ± 9.1% from various forms 

of microplastics, with fragments of 50.9 ± 4.9%, fibers 

26.2 ± 3%, granules 13.1 ± 3.8%, and films 9.8 ± 5.1%. 

The study area was categorized into low to moderate 

microplastic pollution. The abundance, type, size, and 

color of microplastics found in sediment and shellfish 

samples from Pari Island, Seribu Islands, Jakarta [34]. 

The highest number of microplastics in sediment and 

shellfish samples was 43.67 particles in 100 g (17.33 

particles. ind
-1

). The Indonesian territorial waters of the 

Riau Islands and Silicap have been contaminated with 

microplastic waste of different sizes, types, and shapes, 

especially in coastal shallow water [4]. This study 

using a hydrodynamic model proved to be effective for 

detecting microplastic trajectory in 10 depth classes 

from sea surface water up to a depth of 204 m in the 

deep seawater of Haruku strait. A good tide modeling 

result will produce a good ocean current and trajectory 
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models. Further studies should be developed to validate 

the necessity to use the current data of the Acoustic 

Doppler Current Profiler (ADCP). The trajectory 

model was carried out in the west season, which has 

the most extreme conditions of strong wind and rain. 

Rainwater causes runoff and massive river discharges 

and can carry macroplastics from coastal lands and 

rivers to the sea. Strong winds generated strong 

currents and affected a wider distribution of floating 

particles horizontally and vertically into deeper 

seawater. Based on the results of this first attempt, 

further studies to be developed should cover the east 

monsoon, transition-1, transition-2, and west seasons to 

better understand the dynamics of the horizontal and 

vertical spatial distribution of macro- and microplastics 

over one year. The results of this research have 

provided a new understanding of the importance of 

good coastal area management, especially in the case 

of deep sea environments. Management of plastic 

waste disposal in both coastal areas and the deep-sea. 

In addition to protecting important coastal ecosystems 

such as mangrove, seagrass, and coral reef ecosystems. 

 

5. Conclusion 
The most critical finding of this study is that marine 

waters face the risk of increasing plastic pollution, 

which has a significant and complex impact on aquatic 

ecosystems and organisms. The dominant and 

commonly found macroplastics were PB-PI type (69%) 

and BCF (17%), dominated by Polypropylene polymer 

(PP). PB-PI was found at all sample stations, assumed 

from residential areas, indicating poor management of 

macroplastic wastes. The dominant microplastic forms 

were fragments (64%) and fibers (33%). The dominant 

colors of microplastics were bright blue, consisting of 

blue, red, green, and white, which have great potential 

to be consumed by marine life. The most common size 

of found microplastics was 100-500 µm, with potential 

digestibility by filter feeders, deposit feeders, 

detritivores, and planktivorous marine organisms. The 

trajectory pattern was influenced by the dominant 

current from the Banda Sea in the south and the Seram 

Strait in the north, with the current speed range of 0.1–

1.3 m.s
-1

. The spatial approach of this study revealed 

the morphology of the shoreline with calm seawater, 

causing macro- and microplastics to be trapped and 

more concentrated in coastal waters in the depth range 

of 0-15 m and small islands. The findings can be used 

as an early warning monitoring system because they 

significantly impact juvenile, small pelagic fish, 

mangrove ecosystems, coral reefs, and seagrass beds.  
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