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Abstract

The accelerating proliferation of plastic waste has emerged as a significant environmental issue, particularly in
rapidly urbanizing regions such as Rajshahi, Bangladesh. This study aims to critically analyze the operational
dynamics, institutional frameworks, and systemic inefficiencies that regulate plastic waste management in the
urban area. The research employs a mixed-methods approach, incorporating empirical data collection from
municipal solid waste streams, stakeholder interviews, spatial analysis, and policy evaluation to elucidate the
complex interactions among governance mechanisms, socio-economic behaviors, and infrastructural constraints.
The efficiency of the existing system was checked by Fourier transform infrared spectroscopy (FTIR) and
calorific value estimation using bomb calorimeter. The findings indicate an inconsistency between policy
recommendations and actual implementation, highlighted by inadequate segregation procedures, marginalization
of the informal sector, and a lack of suitable material recovery facilities. Furthermore, the study reveals the
ecological and socio-economic consequences of plastic mismanagement, including waterway contamination and
detrimental public health externalities found by various quality parameter checking laboratory tests including pH,
Turbidity, Conductivity, DO, BOD, COD, TSS, TDS, heavy metal tests etc. Despite these constraints, the
research uncovers hidden prospects within circular economy frameworks, incentivized recycling initiatives, and
public-private collaborations in Rajshahi city like as PRISM collaborating with Rajshahi City Corporation. It
also aims to provide a nuanced, contextually grounded framework for improving the effectiveness of plastic
waste management in Rajshahi, while also contributing to wider discussions on sustainable urban metabolism in
the Global South focusing the three goals of SDGs- sustainable cities, responsible consumption and climate
action.
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1 Introduction

Plastic waste has emerged as one of the most pressing environmental challenges in Bangladesh, particularly in
rapidly urbanizing cities like Rajshahi. Increasing population, urban expansion, and changing consumption
patterns have sharply elevated plastic waste generation, placing tremendous pressure on municipal waste
management systems (Ahmed, 2021). In Rajshahi, plastics account for nearly 15% of total municipal solid waste,
often mixed with wet and dry waste, which complicates collection, segregation, and recycling efforts (Khan,
2024). Improper disposal of plastics contaminates land and water bodies, threatening both human health and
local ecosystems (Akther et al., 2023).

To assess the environmental impacts of plastic waste, six water samples were collected from various locations in
Rajshahi, including two from urban drainage channels, to analyze surface runoff contamination. The samples
were tested for pH, turbidity, electrical conductivity, total solids, suspended solids, dissolved solids, dissolved
oxygen (DO), biological oxygen demand (BOD), chemical oxygen demand (COD), and heavy metals (Akther et
al., 2023). These analyses highlighted the extent to which plastic mismanagement contributes to water pollution
and potential public health risks (Islam et al., 2022; Bari, et al., 2007).

In addition to water quality assessments, the study characterized plastic waste to determine recycling potential
and energy content. Fourier Transform Infrared (FTIR) spectroscopy was used to identify polymer types,
facilitating informed recycling strategies (Sakib et al., 2011). Bomb calorimetry revealed that plastic samples
have calorific values ranging between 26 and 42 MJ/kg, indicating significant energy recovery potential if
processed appropriately (Rauniyar et al., 2019). These findings emphasize the dual nature of plastic waste—as
both an environmental pollutant and a potential energy resource (Mahmood et al., 2020).

The results underscore the urgent need for integrated plastic waste management strategies in Rajshahi. Promoting
on-site segregation, formalizing the role of informal waste collectors, improving recycling infrastructure, and
increasing public awareness are essential steps to mitigate the adverse impacts of plastics (Shahen, 2024).

2 Materials and Methodology
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2.1 Study Area

The research was conducted in Rajshahi City Corporation, which consists 21 secondary Transfer Stations, among
them 19 STS are working (Table 1). Along with those transfer stations for field data collection the plastic
recycling and retailing shops were visited. All the lab tests were done in Rajshahi University of Engineering and
Technology. A location map indicating the study area, and the transfer stations are mentioned below (Figure 1).

Figure 1. Map of study area indicating available secondary transfer stations

Table 1. List of STS with their covering wards

Location of STS Covering Ward Location of STS Covering Ward
\eripara 9 Nowdapara Amchottor 10
Captain Monsur Ali Park 19 Teachers Training College 15
Mission Hospital 8 Match Factory 29
Bondhogate 3,14,11,10 Kashiyadanga Fire Service Mor 25
Sericulture 24 Madrasa Math 12
Kazla 28 Tikapara 20
Rajshahi Medical College 13 Adarsha School 27
Rajshahi University 30 New. Govt. Degree College, CNB 7
Terokhadia 2 Court Station 5

Borokuthi 9,22,20

2.2 Data Collection
The overall data collection procedure was divided into five sections. Those are mentioned briefly below:

Field visit to scavengers’ place: Here the unpaid labors gather recyclable plastic wastes from
abandoned objects and local dumping places. They are commonly found beside the transfer stations,
Court Station, Bypass road and near City Hut landfill.

Field visit to plastic retailing shops: They work as a crucial link between the waste collectors,
scavengers and the recycling factories. These types of shops were observed at VVodra, Rajshahi Rail
Station, Rajshahi City Bypass Road, Chandrima and Kazla (Figure 2).

Field visit to plastic recycling factories: The industrial process of recycling plastic waste was
observed by taking a field trip to a plastic recycling factory. Plastic waste is separated, cleaned,
processed, and turned into reusable material—usually pellets or other plastic products—in these
factories.

Field visit to Secondary Transfer stations: These stations act as transitional locations where waste is
gathered from multiple sources, held in temporary storage, sorted, and then delivered to recycling
facilities or final disposal locations

Visit to Rajshahi City Corporation: The conservancy department of RCC was visited for necessary
data related to waste collection and separation.
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tailing shop; (c) Coosition analysis at STS; ()
Plastic Recycling Factory

2.3 Sampling and Laboratory Testing

Laboratory tests were conducted for both efficiency and impact of mismanagement analysis. Both are mentioned
below:

2.3.1 Efficiency Analysis: For the efficiency analysis plastic samples (PET and HDPE) were collected from the
recycling factories. Samples were collected at two stages: before and after recycling. The tests conducted ware:

e FTIR Spectroscopy: This test was conducted at Nano Technology Lab, EEE, RUET using FTIR
apparatus.

e Calorific Value Estimation: This experiment was performed at Heat Engine Lab, ME, RUET using
Bomb Calorimeter.

2.3.2 Analysis of impact of mismanagement: To find the possible impact of mismanagement, six ground water
samples, one municipal drain water sample and one plastic contaminated drain water sample was collected by
maintaining proper procedure and brought to Environmental Engineering Lab, Dept. of Civil Engineering, RUET
for water quality parameter testing. The tests conducted are mentioned below:

e pH: This test was conducted by using a calibrated pH meter.

e Turbidity: The turbidity was quantified with a calibrated turbidimeter in NTU.

e Electrical Conductivity: The electrical conductivity of the water samples was assessed utilizing a
conductivity meter.

e TS, TDS, TSS: This test was conducted to measure the amount of solid materials in the water
samples, both dissolved and suspended. Conical flask, filter paper, digital balance and oven were
needed for this.

e BOD test: The BOD test was carried out manually using BOD bottle and incubator with the help of
Winkler method.

e COD test: A water bath and titration technique was employed to ascertain the COD value. The
oxidizing agent was potassium dichromate (K.Cr.0-), and the reducing agent was ferrous
ammonium sulphate (FAS).

e Heavy Metal Test: The heavy metal test measured the content of harmful elements in the water
samples using an Atomic Absorption Spectrophotometer (AAS), which included lead (Pb),
cadmium (Cd), arsenic (As), copper (Cu), and zinc.

3. Results and Discussions

This section can be divided into two major parts. One is the result showing recycling efficiency and the another
one is result of impact assessment. Both are mentioned below:

3.1 Evaluation of plastic waste recycling efficiency

As mentioned in the methodology the efficiency was calculated by two types of tests. From the calorific value
estimation test the recycle efficiency was calculated by making ratio of those calorific values of two stages
(before and after recycling). The FTIR spectrums of those two stages were compared with each other and the
changes in peak absorption was observed to find out the recycling efficiency. Result from each test is
individually described below:

3.1.1 Efficiency evaluation through Calorific Value Estimation

The calculation of recycling efficiency, followed by calorific value is briefly described in Table 2. This result
indicates that the recycling process of HDPE plastic has reduced the calorific value of HDPE material by about
41.7%, which indicates serious material degradation during recycling. On the other hand the recycling efficiency
of PET plastic is acceptable due to minor energy loss. To improve HDPE plastic recycling, better sorting,
cleaning, and pre-treatment to remove contaminants should be focused on. Recycling equipment should be
upgraded for higher throughput and polymer quality should be maintained. Temperature control and stabilizers
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should be used to reduce degradation. Quality monitoring using techniques like FTIR should be implemented,
and worker training should be enhanced.

Table 2. Calorific values of different plastic waste materials at before and after recycling

Sample Name Calorific Value Recycling Efficiency
PET (Before recycling) 22,572 kJ/kg 85.19%
PET (After recycling) 19,228 kJ/kg
HDPE (Before recycling) 50,160 kJ/kg 58.3%
HDPE (After recycling) 29,260 kJ/kg

3.1.2 Efficiency evaluation through FTIR Spectroscopy

The efficacy of recycling was assessed by juxtaposing the spectra of two PET and two HDPE samples: one prior
to recycling and the other subsequent to recycling. The spectra for both samples display the absorption of light at
various wavenumbers (cm-1). These wavenumbers signify distinct molecular vibrations, providing information
into the molecular structure and material content of the plastic before to and following recycling as shown in
Figure 3 and 4.

EAREE_RUET_FTIRGATA_SPEGTRUMIDATA_ATRIPET Plasti (Befors Recycing) i TS 112 AN ETEEE_RUET_FTIROATA_SPECTRUMDATA_ATRIPET Plastc (Afr Recyciing 10 TSRS 2:58:14 M

FTIR Spectra Comparison: PET Plastic Before vs After Recycling

am 4w EE I O ) 450 a00 0 M0 Mmoo S0 W0 s 4535 4990 365 2360 2975
[—— [—— Wavenumber (cme1)
Fage 1o 1

Figure 3. () FTIR spectra of PET plastic(before recycling), (b) FTIR spectra of PET plastic(after recycling), (c)
Comparison between the spectrums of PET plastic

EE AUET FIIDATA SHECTRUMLATA ATRMOPE (b Recyeiond Tt A FTIR Spectrum Comparison: HDPE Before vs After Recycling

Absorbance Units

-0.0% T T T T T T T T T
5000 4500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber em-1 Mttt 5 4390 2385 4380 4975
Page o1

Figure 4. (a) FTIR spectra of HDPE plastic (before recycling), (b) FTIR spectra of HDPE plastic (after
recycling), (c) Comparison between the spectrums of HDPE plastic

The comparison of the spectrums conclude that the efficiency of the recycling process for HDPE is significantly
negative than PET plastic, reflecting a breakdown in molecular structure and a loss of material strength. After
recycling of HDPE, many of the peaks, especially around 1725 cm-1 (C=0 stretching) and 2850 cm-1 (C-H
stretching), show a significant reduction in intensity. This suggests that the polymer structure has degraded or
undergone changes during the recycling process. This could be due to thermal degradation or oxidation during
the recycling process, which typically results in a reduction of molecular weight and crystallinity. The decrease
in absorbance at key peaks, such as the C=0 stretch and C-H vibrations, indicates reduction in molecular
integrity during the recycling process. The percentage change in absorbance from before to after recycling is
calculated for each data point to quantify the efficiency of the recycling process.

3.2 Impact of Plastic Waste Mismanagement

The laboratory test results of water quality parameters for groundwater and drain water is mentioned in the table
below. The groundwater sample was compared with the drinking water standard and the plastic contaminated
drain water was compared with the municipal drain water. The results are presented in Table 3.
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Table 3. Comparison table of ground water sample with drinking water standard

Parameters Kazla Adarsha Shalbagan CNB Bondhogate  Terokhadia  Standard

School Stadium
pH 6.9 6.7 6.6 7 6.8 6.7 6.5-8.5
Turbidity 8.05 9.2 8.5 11 8.2 7.9 <5
EC 930 1020 1052 1056 852 872 <500-1000
TS 0.3 0.7 1.7 2.7 0.7 0.7 <1000
TDS 0.1 0.1 1.1 1.7 0.3 0.3 <1000
TSS 0.2 0.6 0.6 1 0.4 0.4 <5
DO 2.4 2.8 3.8 3.8 3.6 3.6 >5
COoD 0 0 0 0 0 0 <4-6
BOD 0.2 0.8 1.8 0.8 1.6 0.6 <1-2

The red marked value of different parameters indicates their ineligibility as drinking water which can also be
introduced as a sign of groundwater contamination. Comparison of wastewater quality from general drain and
plastic wastes contaminated drain are shown in Table 4.

Table 4. Comparison of water quality parameters: normal drain vs plastic contaminated drain

Parameters Normal Drain Plastic Contaminated Drain

pH 7.2 6

Turbidity (NTU) 115 21.5

EC (mmhos/cm) 510 905

TS (mg/l) 5.5 125

TDS (mgl/l) 3.3 8.2

TSS (mg/l) 2.2 4.3

DO (mg/l) 5.2 4.2

BOD (mg/l) 2.5 3.4

COD (mg/l) 4 12.6

Heavy Metals (mg/l) Pb=0; Cd=0.01; Zn=0.5; Cr=0.1; Pb=0;Cd=0.03;Zn=1.3; Cr=0.2;

Cu=0.05 Cu=0.2

The comparison clearly shows higher turbidity and Total Solid value which is a sign of contamination. Leachates
from plastic waste and chemicals cause plastic-contaminated drains to have a slightly lower pH and higher
conductivity, indicating the presence of more chemicals and dissolved salts. The accumulation of waste,
biological matter, and suspended plastic particles leads to significant turbidity, making the water murky and
blocking light penetration. The high organic pollution depletes oxygen during decomposition, resulting in lower
dissolved oxygen (DO) levels, which negatively impacts aquatic life by hindering its survival. Lesser DO and
higher BOD, COD and Heavy Metals indicate the pollution of waste water stream due to open dumping of
plastic waste.

3.3 Impact of plastic waste mismanagement on human health

The workers of STS were asked if they are facing any health difficulties or not. Their answer can be categorized
in the following four health problems given in Table 5 and Figure 5 depicted some instance of health issue of the
workers. The table and figure give a overview at a glimpse about the diseases that the workers of STS and the
scavengers face due to lack of safety precautions. Their health should be prioritized and necessary safety
measures should be provided to them as they are at the root of the chain of waste management.

Table 5. Health problem faced by scavengers and workers of STS

Name of Disease Percentage of affected Symptoms

Skin irritation / rash 35-40% Itching, cuts, fungal infections

Respiratory issues 25-30% Coughing, short breath (due to burning plastic/dust)
Headache / fatigue 20-25% At sun exposure, feels dehydration

Gastrointestinal problems 10-15% Stomach Ache, Anorexia
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Figure 5: Skin Problems faced by STS workers and Scavengers

3.4 New opportunity of clinical plastic waste management: PRISM in Rajshahi

PRISM (Project in Agriculture, Rural Industry, Science, and Medicine) in Bangladesh, a prominent national
NGO is currently collaborating with the Rajshahi City Corporation to manage clinical waste. Through medical
waste management, PRISM is also improving the urban environment in the Capital City, Savar, Narayanganj,
Sylhet, Rangpur and Jessore Town. With the cooperation of Dhaka, Narayanganj, Rangpur, Rajshahi City
Corporation, and Savar, Jessore Pouroshova, the program was carried out with financial support from CIDA,
WSP, and the Japanese Embassy. They send the medical waste to their treatment plant after collecting it straight
from the hospitals and clinics. As a result, the city is shielded from the open disposal of such harmful wastes, and
STS workers are also spared the trouble of scavenging discarded syringes and other poisons.

4. Conclusion

The research reveals key issues in Rajshahi's plastic waste management system. There is no on-site waste
separation at households or by the Rajshahi City Corporation (RCC), causing large amounts of recyclable plastic
waste to end up in landfills. The percentage of plastic in municipal solid waste increased from 13% to 15.24%. in
last 2.5 years. Recycling efficiency at local factories is low, with PET plastics recycling at 85.19%, while HDPE
plastics only reach 58.3%. FTIR tests showed that PET plastics had a recycling efficiency of 79%, while HDPE
plastics were at 58%. The tests revealed a significant drop in absorbance across the spectrum after recycling,
especially in areas related to ester bonds and C-H vibrations. These findings matched the efficiencies measured
through bomb calorimetry, confirming the results. Groundwater near transfer stations was contaminated, with
high turbidity and low dissolved oxygen. Drain water contaminated with plastic showed 10 NTU higher
turbidity, 395 mmhos/cm higher conductivity, and increasing heavy metal levels, further degrading wastewater
quality. Scavengers and workers face serious health risks like skin infections, headache and respiratory issues
due to improper waste management. Though PRISM is collecting medical wastes separately, hazardous medical
plastics are still present in the waste adding to the health dangers.
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