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Abstract 
 

The rapid growth of maritime activities at Mongla Port, Bangladesh, has led to an increase in solid waste 

generation, compared to previous activities. This study assesses the solid waste produced by local vessels near 

the port area, focusing on understanding waste composition and the size categories for improved waste 

management. The bin distribution and collection method were employed; bin was distributed to the local vessel 

crew members, where waste was collected from 17 local vessels over a specified period. The waste was 

categorized based on different waste compositions and into size (10mm<x<40mm, 40mm<x<120mm, 

120mm<x) by sieve analysis. The results revealed that plastic constituted the largest portion of the waste stream, 

accounting for 65% of the total waste collected. Biowaste followed at 9.11%, while other categories included 

electronic waste (5.6%), paper (4.86%), metal (4.62%), textiles (mainly shoes and rubber) (3.09%), glass (2.9%), 

and leather (2.4%). Most of the waste size is included between 120>x>40, which is 73%. This distribution 

underscores the diverse nature of local vessels' solid waste, highlighting organic and inorganic materials that 

require distinct management strategies. The findings of this study have important implications for waste 

management practices at Mongla Port. Effective segregation and disposal of these waste streams can 

significantly reduce the environmental impact of port activities. The study suggests the need for targeted 

interventions such as increased awareness, improved waste handling facilities, and recycling programs to 

minimize the ecological footprint of maritime operations. This research contributes to developing sustainable 

waste management practices at ports in Bangladesh and similar regions globally. 
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1 Introduction 
 

Marine pollution by solid waste has reached unprecedented levels, with an estimated 4.8–12.7 million metric 

tons of mismanaged plastic waste entering the world’s oceans each year from land-based sources alone (Jambeck 

et al., 2015). Coastal and port areas act as critical “hotspots” where marine litter accumulates, driven by the 

convergence of terrestrial runoff and maritime activities (Jung & Chen, 2025). Without strong reception facilities 

and strict enforcement of international regulations, ports risk becoming net sources rather than sinks for debris. 

In particular, gaps in MARPOL Annex V exempting vessels under 400 GT and permitting specific discharges 

undermine efforts to prevent garbage pollution at sea (Chen & Liu, 2013; IMO, 2018). Moreover, ports handling 

high cargo volumes, such as major global hubs and regional gateways, frequently report elevated counts of 

remote-sourced plastics, underscoring the need for integrated waste management strategies (Notteboom, 2010; 

OneOcean, 2024) 

In Bangladesh’s two main maritime hubs, Mongla and Chattogram Ports, local vessels frequently discharge 

waste directly into adjacent waters (Amin et al., 2024), driven at Mongla by inadequate waste management 

systems and, at Chattogram, by over half of ships reporting the indiscriminate dumping of their entire waste load 

at sea (Das et al., 2024). 

Mongla Port, the second-busiest port, has experienced rapid growth in vessel traffic and cargo handling, yet its 

port reception infrastructure remains underdeveloped (Khondoker & Hasan, 2020b). Recent surveys comparing 

foreign ships (which generally comply with MARPOL standards) and local vessels (which often lack formal 

onboard waste plans) reveal stark differences in waste segregation, storage, and delivery practices (Sumi et al., 

2025). Annually, ships calling at Mongla generate tens of thousands of tonnes of solid waste, much of which 

comprises plastics, food residues, and mixed domestic refuse (Roksana et al., 2023). The absence of a waste 

management system for local vessels has polluted the Pashur River as well as the Bay of Bengal. 

Despite existing studies on marine litter and waste management at ports, limited research has focused on the 

quantification and compositional analysis of solid waste generated specifically by local vessels at Mongla Port. 
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This study reveals the solid waste generated by local vessels operating near Mongla port, analyzing the detailed 

composition and size distribution of waste. By categorizing materials and measuring accurate particle 

dimensions, the study identifies critical waste streams and optimizes environmental management practices for 

improved collection, treatment, and resource recovery within port areas. 
 

2 Methodology 
 

2.1 Study Area 

The study was conducted at Mongla Port, the country’s second-busiest maritime gateway, located in Bagerhat 

District of Khulna Division, Bangladesh (22.4833°N, 89.6083°E) (Figure 1). The main focus was on local 

vessels engaged in marine operations within the Pasur River adjacent to the port (Rahman et al., 2024). The 

primary study area falls under the jurisdiction of Mongla Upazila. Estimates indicate that shipping operations at 

Mongla Port generate approximately 27,460 tonnes of waste annually (Khondoker & Hasan, 2020).  

 

 
Figure 1: Study Area 

2.2 Research Framework 

Subsection In this study, waste bins were distributed to local vessels for onboard collection. After 2–5 days, 

waste was collected from 17 vessels and brought to a sorting site. The collected waste was first separated by 

composition into categories: electronic waste, textiles/shoes/rubber, paper/cardboard, glass, wood/bones/leather, 

biowaste, composite plastics (others), composite materials (packaging), metals, and plastics. Each waste type was 

then further sorted by size into three groups: x > 120 mm, 120 mm > x > 40 mm, and 40 mm > x > 10 mm. This 

framework, shown in Figure 2, enabled systematic analysis of the quantity, composition, and size distribution of 

waste generated by local vessels, providing essential data for improved marine waste management. 

 
Figure 2: Framework of this Study 

3 Results and Discussion 

 

3.1 Solid Waste Composition and Size 
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The percentage distribution of solid waste generated from local vessels at Mongla Port is shown in Figure 3. 

Plastic waste accounted for 64.9 % of the total mass, overwhelmingly dominating all other categories. Biowaste 

follows at 9.1 %, then electronic waste (5.6 %), paper/cardboard (4.9 %), metals (4.6 %), textiles/shoes/rubber 

(3.1 %), glass (2.9 %), wood/bones/leather (2.4 %), composite plastics–others (2.2 %), and composite packaging 

materials (0.3 %). The noticeable prevalence of plastics highlights the urgent need for targeted reduction 

strategies, on-board segregation, and dedicated recycling initiatives. Overall, this composition profile enables 

listing of interferences toward the most abundant solid waste streams while ensuring safe management of lower-

volume but potentially harmful fractions. 

 
Figure 3: Percentage of Different Types of Waste Composition 

The solid waste component category is separated into three size classes: large fragments (> 120 mm), 

intermediate fragments (40-120 mm), and smaller fragments (10-40 mm), as shown in Figure 4. Plastic waste 

shows a strong tendency to fragment into mid-range sizes, with 81.0 % in the 40-120 mm class, 15.2 % as large 

fragments, and only 3.8 % in the smallest range. Paper and cardboard follow a similar pattern, 74.8 % 

intermediate and 25.1 % large, with slight fine particles. In contrast, composite packaging materials fragment 

heavily into small pieces (55.1 % in the smaller class and 44.9 % intermediate), reflecting film-like behavior. 

Electronic waste and composite plastics others remain entirely intact (> 120 mm: 100 %), underscoring their 

rigidity. Metals and wood/bones/leather both show 68–69 % intermediate fragments and roughly 31 % fine size. 

These material-specific fragmentation profiles inform size-tailored collection and processing protocols to 

maximize recovery efficiency. 

 
Figure 4: Percentage Waste Composition based on Size 

The overall size categories reveal that intermediate-sized fragments (40-120 mm) dominate at 73 %, while large 

items (> 120 mm) account for 19 % and small pieces (40–10 mm) only 8 %, represented in Figure 5. This solid 

waste size distribution indicates that in the local vessel, waste rapidly reduces to mid-range sizes. The frequency 

of intermediate fragments underscores the importance of implementing sieving or screening operations optimized 

for the 40–120 mm range to enhance retrieval rates. The relatively low proportion of fine particles suggests that 

interception before escape into the aquatic environment can effectively limit microplastic formation. 



M.A. Amin, S. Rahman, Q.H. Bari, N. Das, M. F. R. Zuthi 

ICCEI 2025 
 

1397 

Collectively, these findings guide the design of size-specific waste management strategies prioritizing mid-sized 

fragment capture and preventing the generation of environmentally harmful micro-scale debris efficiently. 

 

 
Figure 5: Percentage of Total Solid Waste’s Size 

 

3.2 Solid Waste Generation Rate 

The percentage Waste generation rate provides insight into the amount of waste created by households, 

industries, or vessels over a given timeframe. Figure 6(a) illustrates the distribution of waste generation per ship 

per day (gm/ship/day). The median value (~47 gm) lies below the mean (60.2 gm), indicating a right-skewed 

distribution. The interquartile range spans roughly 35–85 gm, while whiskers extend from about 20 gm 

(minimum) to 150 gm (maximum), reflecting substantial variability across vessels. A few high-generation days 

approach 150 gm, suggesting that certain vessels produce disproportionately large amounts of waste. These 

patterns underscore the need to target high-waste vessels for intervention and investigate factors such as vessel 

size, trip duration, or waste handling practices that drive this variability. Figure 6(b) illustrates crew-standardized 

waste generation (gm/crew/day). The median rate is ~6.5 gm per crew member, close to the mean of 6.9 gm, 

with an IQR range from about 1.5 gm up to 13 gm, and one outlier at 14.8 gm highlights a particularly inefficient 

case. Figure 6 shows three metrics by ship number: crew size (black), total waste generation per vessel (red), and 

per-crew waste generation rate (blue). The average crew member of the local vessel at Mongla port is 9, whereas 

the average waste generation rate (gm/ship/day) is 60.2 gm and (gm/crew/day) is 6.9 gm. The member crew size 

in local vessels and operational practices influences waste generation, and interventions should combine per-

vessel and per-crew strategies to optimise waste reduction. 

 

  
(a) (b) 
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(c) 

Figure 6: Daily waste generation at Mongla Port local vessels: (a) per vessel rate, (b) per-crew rates, and (c) ship-

by-ship profiles. 

4 Conclusion 

Local vessels at Mongla Port generate mainly plastic waste, making up about two-thirds of the total, with smaller 

amounts of biowaste, electronics, paper, metals, and textiles. The prevalence of intermediate-sized fragments 

(40–120 mm), which account for approximately 73% of all waste, indicates rapid fragmentation onboard and 

highlights the need for sieving or screening systems designed for this size range to improve recovery and reduce 

microplastic formation. The right-skewed daily waste distribution, with average outputs exceeding the median, 

shows that a few vessels generate most of the waste, suggesting targeted measures could be effective. Rigid 

materials like e-waste and metals require separate collection and specialized recycling to minimize risks and 

recover resources. Crew-based waste generation rates vary depending on practices, vessel design, and voyage 

length, emphasizing the importance of standardized training and clear handling procedures. Port authorities 

should expand reception capacity, enforce MARPOL Annex V for vessels under 400 GT, and implement 

onboard segregation alongside shore-based recycling and composting. Future research should analyze the cost-

benefit of advanced screening, utilize real-time monitoring to identify high-output vessels, and evaluate policy 

effectiveness in reducing vessel-borne waste at emerging maritime hubs.  
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