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Abstract

This stakeholder survey evaluated solid-waste practices at eleven public sites in Rajshahi City Corporation to
inform prioritized interventions. Methods: a structured 40-item questionnaire captured views of n = 37
respondents (17 visitors, 7 residents, 13 cleaning staff) during one week of fieldwork. Results: bins present 91%,
regular use 78%, Good cleanliness 60%. Bin usage correlated with cleanliness (r = 0.52, p < 0.001). Ordinal
logistic regression identified bin usage (OR 2.8; 95% CI 1.4-5.6; p = 0.003), daily cleaning (OR 1.9; 95% ClI
1.0-3.7; p = 0.050), and dustbin disposal (OR 2.2; 95% CI 1.1-4.4; p = 0.020) as significant predictors of higher
cleanliness ratings. K-means clustering produced two site typologies: formal parks (low cleaning time, high bin
use, high cleanliness) and slum/lakeside sites (high cleaning burden, lower bin use, poor cleanliness). The
institutional gaps identified included insufficiencies in PPE distribution (15%), a lack of available dedicated
vehicles (23%), and a lack of awareness of the campaigns. Suggestions include improving bin location and
distribution, improving PPE use among employees, behavior-change approaches, as well as testing fill-level
Internet of Things (IoT) monitoring. Convenience sampling with a small data collection time of one week
precludes generalization of findings across the city.

Keywords: Municipal solid waste management; Recreational centers; Sustainable Development Goals;
Stakeholder perceptions

1 Introduction

The issue of municipal solid waste (MSW) continues to pose significant challenges in rapidly urbanizing urban
centers. As the population of urban centers continues to increase, it contributes to heightened waste production.
This was worsened by inadequate financial resources in South Asia, among other regions, which contribute to the
problem of contamination by solid waste (Abedin, 2015).

The quantity of urban municipal solid waste (MSW) in Bangladesh has been on the rise with the increase in
population, though Dhaka alone contributes to almost 70% of the total of almost 8,000 tons of municipal solid
waste disposed of every day. The total quantity of municipal solid waste in Rajshahi City alone is estimated to be
almost 170 tons every day. However, only 40-50% of this waste is collected, leading to an ever-escalating stock
of uncollected municipal solid waste posing significant dangers to water resources, health, and overall urban
lifestyle (Rahman & Ahmeduzzaman, 2013; Abedin, 2015). The Mymensingh Municipality continues to
experience similar issues of improper waste collection, leading to the dumping of municipal solid waste, which
reveals inefficiencies in awareness, funding, or logistics (Mian, 2012). Similar research work has been done on
the MSW process from separation to disposal stages by various researchers in Bangladesh, acknowledging the
efforts of municipal corporations as well as NGOs. The process of storage, transportation, recycling, or
processing of MSW in the six largest cities of Bangladesh was explained by Ahsan et al. (2014), while the
composition of MSW of Rajshahi was analyzed by Halder et al. (2014), finding the energy recovery potential of
about 4.48 MWh/day with a caloric value of 15.51 MJ/Kkg.

The use of new approaches involving loT sensors, artificial intelligence route optimization, and mobile
applications seems promising regarding enhanced efficiency and the mitigation of adverse impacts on the
environment. The viability of trial loT-Android models was established by Hossain et al. (2024) in the context of
the Rajshahi City Corporation (RCC), though adequate acceptance by the common public has not been explored
(Faridatul et al., 2015). Approaches focusing on community engagement in slum areas of urban settings have
indicated the efficacy of community participation through mapping and SWOT analyses in improving
engagement and service delivery, though their efficacy in various public spaces is not established (Gafur et al.,
2022).
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However, there is a lack of site-level data analyses that consider the perspectives of all stakeholders, usage of bin
data, and measures of institutional support available in the public spaces of the RCC. For the development of
evidence-based policies in the pursuit of SDG-6 (Clean Water and Sanitation) and SDG-11 (Sustainable Cities
and Communities), it is key that this gap is filled. For this purpose, this research will use a cross-sectional survey
design on visitors, residents, and cleansing staff of eleven identified locations in Rajshahi.

a. Evaluate the sanitation process, availability of waste bins, and landfill practices.

b. Examine the relationship between usage of infrastructure facilities and perceptions of cleanliness.

c. Identify issues of operations and governance of the entity.

The first amongst them is that this is a first site-level comparative study involving various stakeholders on eleven
different public spaces of the Rajshahi City Corporation that aims to satisfy all three research questions
simultaneously by relating observed data on availability and use of bins with the perceptions of cleanliness
through Pearson’s correlation and ordinal logistic regression analyses, while also generating site-level typologies
through k means clustering that can act as a roadmap for proper intervention.

2 Methodology

2.1 Study Sites

The research was performed in eleven locations that are exposed to the public in the Rajshahi City Corporation
(RCC), geographical locations of which include RDA Park, |-Badh, T-Badh, Kamruzzaman Park,
Muktomoncho, RU Boddhovumi, Tukitaki Park, Tukitaki Chattar, Vodra Lake, RU Shaheed Minar, and Padma
Garden. The locations chosen represented not only an entire urban area of RCC, containing recreational parks,
slums, lakes, or other spots where the aforementioned issues occur on a varied level.

2.2 Survey Design and Sampling

The cross-sectional design was used to conduct the survey on insights and practices of three broad groups of
participants: visitors, residents, and cleaners (n = 13). The enumerators used convenience sampling for acquiring
data from both visitors and residents. The sampling was done during both peak (weekends, afternoons) and non-
peak (weekdays, morning times) hours. The data was collected from all on-duty cleaners, which provided a
complete census of all on-duty employees. The data was collected for a period of one week (August 2025),
considering variations in schedules. The total number of samples obtained is n = 37. As the sampling was done
based on convenience sampling within one week, it provides site-specific data, not representative of the whole
RC-C. However, the data from this sampling cannot be generalized to the whole RC-C until a follow-up survey
is performed on stratified sampling based on a probability sampling design (recommended follow-up sampling
size n ~ 400-600 with +5% precision level on 95% CI confidence level).

2.3 Questionnaire Development

The formatted research questions cover an aggregate of 40 questions divided into six domains:

i. Cleaning Effort: Time Required, Employees Involved, Work Schedules.

ii. Disposal Procedures: Procedures related to the separation of disposal, the location of disposal, and the time of
collection.

iii. Infrastructure Assessment: Evaluation of the availability of bins, usage levels, and observation on community
littering. As perceived Cleanliness: Perceptions of tidiness, smell detection, and toilet maintenance status
measured on five-point Likert scales.

v. Institutional Support: Cooperation of local government institutions, provision of safety materials, and
remuneration practices.

vi. Open-ended task examples can be matters like workplace issues or improvement ideas.

2.4 Data Collection Procedures

Face-to-face interviews of field data collectors in Bengali were performed, with responses directly filled into a
Microsoft Excel template from tablet computers. Each of the interviews lasted roughly ten to fifteen minutes.
Still, site-level data analyses factoring in perspectives of all concerned parties, use of the bins, as well as
institutional support measures in the various public spaces of the RCC, do not exist. Disposal Procedures: Ways
of segregation, locations of disposal, and the time of removal. Regular monitoring by the supervising personnel
was established.

2.5 Data Processing and Management

After the completion of the survey, the raw data were then imported from Excel into IBM SPSS Statistics v25.
As a step of data cleansing, range or logic tests of numerical data (for example, the time spent on cleaning or the
distance to home) were performed.

a. Performing range or logic checks on numeric variables (such as cleaning time or home distance).
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b. Standardizing responses to categorical questions, including "Yes-No" responses or "Disposal of Waste",
among others.

c. Using verification techniques to identify outliers in variables like "Cleaning Times" (more than 50 hours),
which could then be excluded from specific analyses.

d. Identification and handling of important outliers (more than 50 hours of cleaning time) by verification and
removal from particular analyses, if considered necessary.

e. Categorizing Open-Ended Responses into Thematic Groups for Later Qualitative Analysis

2.6 Statistical Analysis

Descriptive statistics (means, medians, frequency distributions) were used to determine central trends and
variability.

Inferential procedures comprised:

i. Pearson correlation to assess relationships between bin-use and perceived cleanliness.

ii. One-way ANOVA with Tukey post-hoc tests to compare cleaning times across respondent groups.

iii. Chi-square tests to evaluate associations between respondent type and disposal method.

iv. Ordinal logistic regression to identify predictors of higher cleanliness ratings.

v. Hierarchical cluster analysis on site-level metrics (cleaning time, bin usage, cleanliness score) to derive
typologies of service performance.

All tests employed a two-tailed a. = 0.05.

Participation was voluntary; verbal informed consent was obtained before each interview. No personal identifiers
were recorded.

3 Result and Discussion

A total of 37 individuals participated: 17 visitors (46%), 7 residents (19%), and 13 cleaning staff (35%). All staff
reported disposing of waste at the landfill, whereas 87% of visitors/residents used on-site dustbins and 5%
admitted to river or roadside dumping.

3.1 Descriptive Statistics

3.1.1 Cleaning Time

Cleaning times (in table 1, excluding implausible outliers >50 hr) varied by site: Median = 2.0 hr (IQR 0.75-5.0
hr), Range = 0.4 hr (Tukitaki Park) to 27.5 hr (I-Badh)

Table 1. Cleaning Time of Different Study Areas

Time range Places in percentage

0-5hr 78%
5-10 hr 11%
10-15 hr 6%

>15 hr 6%

3.1.2 Disposal Methods
Across all respondents: Landfill = 38% (n = 14), Dusthin = 57% (n = 21), Other (river/roadside) = 5% (n = 2)

Disposal Method ~ Staff (n =13)  Visitors/ Residents (n = 24)

Landfill 100% 4%
Dustbin 0 87%
Other 0 9%

A chi-square test confirmed a strong association between respondent type and disposal method ()22 = 28.1, p <
0.001, Cramer’s V = 0.87).

3.1.3 Bin Availability and Usage

Across all sites, bins were present in 91% of observations (n = 34) and used regularly in 78% (n = 29). Informal
areas (I-Badh, T-Badh, RU Boddhovumi) showed lower usage rates (40-75%) compared to formal parks
(100%).

Site Bins Present  Bins Used
Formal Parks (n = 14) 100% 100%
Slum/Lakeside Sites (n=23) 87% 65%
Overall (n=37) 91% 78%
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Table 2. Cleanliness of Different Study Areas

Rating Frequency Percentage
Good (3) 22 60
Average (2) 7 19
Poor (1) 8 21

Staff self-rated “Good” in 80% of cases, whereas visitors/residents rated “Good” in only 53%.

3.1.5 Institutional Support (Staff Only, n = 13)

Support Indicator

Yes (%)

Regular salary payments
Provision of gloves/masks
Dedicated collection vehicles

85
15
23

Awareness of government campaigns 0

3.2 Bivariate Analysis
3.2.1 Correlation: Bin Usage vs. Cleanliness

Pearson’s r = 0.52, p < 0.001. Moderate positive correlation: regular bin use is associated with higher cleanliness

ratings.

3.2.2 ANOVA: Cleaning Time by Respondent Type

Group N  Mean (hours) SD
Visitor 17 8.2 28.3
Resident 7 3.2 7.1
Staff 12 13 0.4

One-way ANOVA: F(2,33) =5.67, p =0.007

Tukey post-hoc: Staff cleaning time is significantly less than Visitors (p = 0.005) and Residents (p = 0.02).

3.2.3 Chi-Square: Respondent Type x Disposal Method

¥(2) = 28.1, p < 0.001, Cramer’s V = 0.87. Strong association: all staff use landfill; visitors/residents

predominantly use dustbins.

3.3 Multivariate Analysis
3.3.1 Ordinal Logistic Regression

Outcome: Cleanliness rating (Poor = 1, Average = 2, Good = 3)

Predictors: Bin usage (0/1), Daily cleaning (0/1), and Disposal method (dustbin vs. other)

Table 3. Logistic regression

Predictor OR 95% Cl  p-value
Bin usage 28 [1.4,5.6] 0.003
Daily cleaning 19 [1.0,3.7] 0.05
Dustbin disposal 2.2 [1.1,4.4] 0.02

Table 3 demonstrates that Areas with regular bin use are nearly three times more likely to be rated “Good.”

3.4 Cluster Analysis

K-means clustering on site-level means (cleaning time, bin usage rate, cleanliness score) identified two clusters:
Cluster 1 (Formal parks/monuments): Low cleaning time (< 3 hr), Bin use > 95%, Cleanliness > 2.8

Cluster 2 (Slums/lakesides): High cleaning time (> 7 hr), Bin use < 70%, Cleanliness < 2.2

This typology highlights priority areas (Cluster 2) for infrastructure upgrades and targeted awareness programs.
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Compared to public perceptions, cleaning staff reported shorter cleaning times and higher self-assessed quality.
This is consistent with research from RCC that showed disparities in service expectations due to oversight gaps
(Hossain et al, 2024). To close this gap, community feedback systems and real-time supervision (10T sensors) are
required to match employee performance to user perceptions. The moderate relationship between bin usage and
perceived cleanliness (r = 0.52, p < 0.001) shows that awareness campaigns and behavioral incentives are
crucial; infrastructure unique is insufficient. While there were plenty of bins in conventional parks, Rahman &
Ahmeduzzaman (2013) called for localized collection schedules, and Ahsan et al. (2014) pointed out that areas
like slums and lakeside had problems with underutilization and overflow.

Lack of segregation efforts and a low PPE provision rate (15%) indicate poor institutional support for frontline
workers, which is consistent with research by Abedin (2015) on light financial and regulatory frameworks. SDG
6 goals would be supported by increasing safety and encouraging source separation by equipping employees with
protective gear and launching gender sensitive and school-based awareness campaigns.

Cluster 2 sites (slums and lakesides) demand prioritized interventions: increased bin density, optimized
collection routing via Al algorithms (Hossain et al., 2024), and community participation models (Gafur et al.,
2022). Energy-recovery pilot schemes (Halder et al., 2014) could be co-located near these high-volume areas to
reduce landfill loads and generate local power.

4 Conclusion

This study provides the first comprehensive, site-level assessment of solid waste management practices across
eleven diverse public spaces in Rajshahi City Corporation. This exploratory, site-level survey (n = 37) shows that
bin availability alone does not guarantee cleanliness: bin usage, daily cleaning, and dustbin disposal substantially
increase the odds of higher perceived cleanliness, and clustering separates low-effort, high-performing formal
parks from high-burden slum and lakeside sites that should be prioritized. Operational improvements optimized
bin placement and servicing, provision of PPE and reliable collection assets for staff, and targeted community
and school-based behavior-change campaigns are immediately actionable and likely to raise use and satisfaction;
concurrently, phased pilots of loT-enabled fill-level sensing and route optimization will help validate efficiency
gains before scale-up. Given the institutional gaps identified, a rapid RCC capacity and budget review should
precede large investments, and a follow-up representative survey with direct waste audits and GIS-based hotspot
mapping is needed to produce city-level estimates and costed, scalable solutions.
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