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ABSTRACT 

Plastic waste poses a significant threat to the global environment, 

particularly in coastal and marine ecosystems. Among its various 

forms, mesoplastics, measuring between 5 and 25 mm have attracted 

considerable attention. This study aims to identify and analyze the 

types, weights, quantities, compositions, and densities of 

mesoplastics found along Manggar Beach, a tourist destination in 

Balikpapan City, East Kalimantan. Sampling was conducted in two 

periods: April (Period I) and August (Period II) of 2022. A purposive 

sampling method was applied using a 100-meter transect line 

divided into 5x5 meter lanes, followed by the placement of 1x1 meter 

quadrats. In Period I, four types of mesoplastics were identified as 

film, fiber, fragments, and styrofoam, while only film was detected in 

Period II. A total of 43 mesoplastic particles (weighing 9.45 grams) 

were recorded in Period I, compared to just 5 particles (0.15 grams) 

in Period II. By weight, styrofoam made up the largest proportion 

(49%) in Period I, whereas film accounted for 100% in Period II. 

The average mesoplastic density observed in this study was 0.38 

particles per square meter. 

 

 

INTRODUCTION 

Plastic waste has emerged as a serious environmental issue worldwide, including in Indonesia. 

Approximately 60–90% of plastic waste can be found along coastlines, on the surface of water bodies, and 

on the seafloor (Râpă et al., 2024). According to studies, Indonesia ranks as the second-largest contributor 

of plastic waste to the ocean, following China, with an estimated 187.2 million tons of plastic entering the 

sea (Jambeck et al., 2015). Plastic pollution is increasingly difficult to control due to the long degradation 

time of plastics in the environment. Moreover, the growing human population contributes to an increase in 

waste generation. In general, plastic waste in the environment is categorized into five types: mega-debris, 

macro-debris, meso-debris, micro-debris, and nano-debris (Lippiatt et al., 2013). Mesoplastics are plastic 

particles ranging in size from 5 mm to 25 mm, resulting from the degradation of larger plastic debris (Yona 

et al., 2020). 

One of the areas in Indonesia experiencing plastic waste problems is the Manggar Beach tourism 

area in Balikpapan City. This beach has attracted a significant number of tourists, ranging from 73,025 to 

225,004 visitors between 2019 and 2021 (Silalahi, 2023). Tourists, both local and from other regions, visit 

the site to enjoy its natural scenery and coastal ambiance. Several supporting facilities are available around 

the beach, including spacious parking areas, food and beverage vendors, and prayer rooms, all intended to 

enhance the visitor experience. On the other hand, the high volume of tourist activity may contribute to 

increased plastic pollution along the beach and in nearby marine waters. In addition, the low awareness 

among the public and business operators regarding waste disposal has negatively impacted the surrounding 
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environment, particularly the marine ecosystem (Vianka, 2021). One visible consequence of macro- and 

mesoplastic pollution is the deterioration of coastal aesthetics and cleanliness (Nurhayati et al., 2023; 

Rindyani et al., 2023). Furthermore, plastic-contaminated beaches can diminish visitor comfort (Mardiana 

et al., 2022), potentially prompting tourists to choose alternative destinations, thereby reducing the income 

of affected coastal communities (Grilli et al., 2022). 

In recent years, several investigations on plastic waste have been conducted in coastal ecotourism 

areas in Balikpapan, such as mesoplastics at Le Grandeur Beach (Nur et al., 2022), macro- and mesoplastics 

at Lamaru Beach (Nurhayati et al., 2023; Nursari et al., 2023), and microplastics at Seraya Beach, Persatuan 

Manggar Baru, Mulawarman Manggar, Klandasan Ulu, Monpera, Margasari, and Somber (Maulia, 2023; 

Wulandari et al., 2021). However, information on mesoplastics specifically in the Manggar Beach 

ecotourism area remains very limited. This information is essential for informing environmental 

management policies in coastal ecotourism zones in Balikpapan. Based on this context, this study aims to 

investigate and analyze the types, weight, quantity, composition, and density of mesoplastics found in the 

Manggar Beach tourism area, Balikpapan City, East Kalimantan. 

 

 

METHODOLOGY 

Mesoplastic sampling was conducted at the Manggar Beach area, Balikpapan City, East Kalimantan 

Province, from April (Period I) to August (Period II) 2022. Sample analysis was carried out at the Water 

Quality Laboratory, Faculty of Fisheries and Marine Science, Mulawarman University. 

 

Figure 1. Study location map 

Research procedure 

A transect line was established over a 100-meter stretch parallel to the shoreline, extending at least 5 

meters inland. The 100-meter transect line was divided into five lanes, each separated by 20 meters (Figure 

2A). Within each lane, a sub-transect measuring 5 × 5 meters was designated, and within each sub-transect, 
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sub-sub transects (quadrat transects) measuring 1 × 1 meter were created, resulting in 25 quadrats per sub-

transect. Each quadrat was numbered from 1 to 25. Mesoplastic samples were then collected using a random 

sampling method, selecting 5 out of the 25 quadrats in each sub-transect using a randomizer (Urbaniak & 

Plous, 2013) (Figure 2B). 

 

Figure 2. Transect Observation Scheme (A), Sub-Transect Scheme at the Beach (B) (Prajanti et al., 2020) 

 

Data analysis 

The waste density in this study was calculated based on the number of waste items per type per square 

meter at each sampling station (items/m²), following the method by Prajanti et al. (2020): 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 𝑖𝑡𝑒𝑚𝑠 𝑝𝑒𝑟 𝑡𝑦𝑝𝑒

𝐿𝑒𝑛𝑔𝑡ℎ  (𝑚) × 𝑊𝑖𝑑𝑡ℎ (𝑚)
 

All data obtained in this study were processed and analyzed using Microsoft Excel for Windows. The 

results, including all figures and tables, are presented and described descriptively. 

 

RESULT AND DISCUSSION 

Types, quantity, and weight of mesoplastics 

Based on shape categories, three types of mesoplastics were identified during Period I: film, 

styrofoam, and fragments. In Period II, only one type—film—was found. Overall, the total number of 

mesoplastic particles collected during both sampling periods was 48. The presence of plastic waste at the 

study site is likely a result of the degradation of marine litter such as food packaging, plastic bags, sacks, 

and cigarette waste. These materials are believed to originate from tourist activities, particularly from 

improper disposal of waste. According to Thushari & Senevirathna (2020), a high concentration of beach 

litter often results from human activities, both by local residents and visiting tourists. Plastic waste, which 

served as the main source of mesoplastics in this study, degrades into smaller fragments in the coastal 

environment—consistent with the findings of Zhang et al. (2017). 

In terms of quantity, the number of mesoplastic particles found in Period II was significantly lower—

approximately eight times less—than that in Period I. This decrease may be associated with the designated 

use of the Manggar Beach area, which is known as a prominent tourism destination in Balikpapan City. 

Efforts to attract more visitors include maintaining the cleanliness of the beach. Consequently, beach 

cleaning is routinely conducted by maintenance staff on a monthly basis to preserve the aesthetic appeal of 

the area. In addition, hydro-oceanographic factors such as currents, waves, tides, and sea level fluctuations 

are also believed to influence the reduced presence of mesoplastics in Period II. This assumption is 

supported by previous studies by Wulandari et al. (2022) and Hamid et al. (2018), which indicate that ocean 
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currents, wave action, tidal patterns, wind direction, and seasonal variation all contribute to the distribution 

of plastic debris in coastal and marine environments. 

The most abundant mesoplastic category found in Period I was fiber, with a total of 18 particles 

(Figure 4A). Fiber waste typically originates from fishing activities, such as fishing lines and nets. The 

second most common type was styrofoam, with 17 particles. According to Astuti et al. (2021), styrofoam 

is widely used in food and beverage packaging. The remaining types of mesoplastics found included film 

and fragments, with four particles each. As described by Andrady (2011), fragment-type plastic debris 

results from the breakdown of larger, hard, and rigid plastic materials. In Period II, only film-type 

mesoplastics were found, with a total of five particles (Figure 4B). Film-type waste is characterized by its 

low density and typically originates from the degradation of plastic packaging (Kingfisher, 2011, in Sari 

Dewi et al., 2015). According to Yona et al. (2020), film-type mesoplastics may continue to increase in 

coastal areas due to the public’s continued reliance on plastic products in daily life. 

 

Figure 4. Categories and quantities of mesoplastics in Period I (A) and Period II (B) 

 

Based on the total quantity of mesoplastics, the total weight of debris recorded in Period I was 9.45 

grams, while in Period II it was only 0.15 grams. The heaviest type of mesoplastic in Period I was 

styrofoam, weighing 4.63 grams, followed by fiber at 4.27 grams. Other types recorded in Period I included 

fragments at 0.54 grams and film at 0.01 grams. In Period II, only film-type mesoplastics were found, with 

a weight of 0.15 grams (Table 1). Overall, the total weight of mesoplastics in Period I was considerably 

higher than in Period II. 

The total amount and weight of mesoplastics in this study were significantly lower compared to 

findings by Djaguna et al. (2019), who recorded 281 plastic particles and a total macro- and mesoplastic 

debris weight of 1,433.38 grams at Tongkaina and Talawaan Bajo beaches. 

 

Table 1. Mesoplastic mass 

No. Type of Mesoplastic Mesoplastic Weight (g/m²)  

  Period I Period II  

1 Film 0.01 0.15  

2 Styrofoam 4.63 –  

3 Fragment 0.54 –  

4 Fiber 4.27 –  

 Total Weight (g) 9.45 0.15  

 Average Weight (g) 2.36 0.01  
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No. Type of Mesoplastic Mesoplastic Weight (g/m²)  

 Transect Area (m²) 25 25  

 Mass (g/m²) 0.38 0.01  

“-” indicates that no mesoplastics were found. 

 

As shown in Table 1, mesoplastic mass in Period I was 0.38 g/m², while in Period II it was only 0.01 

g/m². In general, Period I exhibited a higher mass than Period II. This difference is suspected to be due to 

irresponsible waste disposal by visiting tourists, which may have increased the amount and weight of 

mesoplastics. Additionally, fishing activities near the beach and river—especially those close to residential 

areas—may also contribute to the increased presence of mesoplastic debris. 

The analysis revealed that film-type mesoplastics were present in both sampling periods, with a 

cumulative mass of 0.16 g/m². This finding suggests that film is one of the most significant contributors to 

plastic debris by weight. The high mass of film-type debris in this study is likely due to the cumulative 

effects of plastic waste from human activity—including local residents, tourists, and fisheries—combined 

with oceanographic dynamics such as tides, currents, and wave action. This aligns with Damayanti et al. 

(2022), who stated that plastic waste is easily transported by waves due to its generally low weight. 

Mesoplastic composition 

The highest mesoplastic composition in the Manggar Beach tourism area during Period I was 

styrofoam (49%), consisting of foam and polystyrene fragments, followed by fiber (45%), primarily in the 

form of cigarette filters. The lowest composition was fragments (6%), which included items such as LPG 

(Liquefied Petroleum Gas) or kerosene bottle caps, adhesive plastics, toy fragments, and other plastic 

materials (Figure 3A). In Period II, only film-type debris was found, comprising 100% of the mesoplastic 

composition (Figure 3B). In general, the composition of mesoplastics is suspected to originate from the 

activities of visitors and local residents living near the beach area. According to Erikson et al. (2014) and 

Thushari & Senevirathna (2020), plastic is an inorganic material that tends to float easily in aquatic 

environments, exhibits long-term durability, and is one of the most widely distributed pollutants across the 

world’s oceans. 

 

Figure 3. Composition of mesoplastics in Period I (A) and Period II (B) 
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Mesoplastic density 

In Period I, the dominant mesoplastic type by density was fiber waste (0.72 particles/m²), followed 

by styrofoam (0.68 particles/m²), film (0.16 particles/m²), and fragments (0.16 particles/m²). In Period II, 

only film-type mesoplastics were found, with a density of 0.20 particles/m². The total mesoplastic density 

in Periods I and II was 1.72 particles/m² and 0.20 particles/m², respectively. Overall, the cumulative 

mesoplastic density across both periods was 1.92 particles/m² (Table 2). 

Table 2. Mesoplastic density 

No. Type of Mesoplastic Mesoplastic Density (particles/m²) 

  Period I Period II 

1 Film 0.16 0.20 

2 Styrofoam 0.68 – 

3 Fragment 0.16 – 

4 Fiber 0.72 – 

 Total 1.72 0.20 

 Total Density 1.92 particles/m²  

 Transect Area 25 m²  

 Average Density 0.38 particles/m²  

“-” indicates that no mesoplastics were found. 

 
The higher mesoplastic density observed in Period I may be attributed to several factors, such as 

direct inputs of mesoplastic debris as well as local oceanographic conditions—including currents, waves, 

tides, and beach slope. For instance, secondary data (http://www.aviso.altimetry.fr/) showed that the current 

velocity one day before sampling ranged from 0.341 to 0.521 m/s. On the sampling day itself, current 

velocities ranged from 0.339 to 0.408 m/s. Generally, these values fall within the category of moderate 

current velocity. These findings are consistent with those of Damayanti et al. (2022), who reported that 

oceanographic factors such as currents and tides significantly influence plastic debris distribution along 

coastlines. Furthermore, seasonal variation also plays a role in the distribution of plastic waste (Wulandari 

et al., 2022). 

 

CONCLUSION 

1. Four types of mesoplastics were identified in the Manggar Beach tourism area during Period I: 

film, fiber, fragment, and styrofoam. In contrast, only film-type mesoplastics were found in 

Period II. 

2. The total number of mesoplastic particles recorded in the Manggar Beach area was 43 particles in 

Period I, with a total weight of 9.45 grams. In Period II, 5 particles were found with a total weight 

of 0.15 grams. 

3. The dominant mesoplastic composition by weight in Period I was styrofoam (49%) and fragments 

(6%), while in Period II, only film-type mesoplastics were recorded (100%). 

4. The average mesoplastic density recorded in this study was 0.38 particles/m². 
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