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INTRODUCTION

The generation of municipal solid waste worldwide has increased substantially
over the past few decades due to rapid urbanization, population growth, indus-
trial expansion, and changing consumption patterns (Maalouf & Agamuthu,
2023). Municipal solid waste (MSW) consists of non-hazardous materials gener-
ated by households, commercial establishments, and institutions within urban
or designated areas. This category includes treated biomedical waste but explic-
itly excludes hazardous industrial by products (Dong et al., 2022; Lubello et
al., 2025). Rapid population growth and increasing urbanization have signif-
icantly intensified solid waste accumulation and greenhouse gas (GHG) emis-
sions. While rural sectors such as agriculture, livestock, and fisheries also play
a role in climate change, urban areas disproportionately contribute to carbon
emissions due to higher energy consumption and waste generation (Aghabeyk
et al., 2025). Improper disposal of solid waste contaminates soil (Njewa et al.,
2025), groundwater, and surface water resources through the release of toxic
substances and leachates (Aquino et al., 2025; Parvin & Tareq, 2021).

Karachi, Pakistan's is one of the biggest cities, struggles with issue of municipal
solid waste management (Afzal et al.,, 2024; Khatri et al., 2021). Karachi's
current population is estimated to exceed 23 million people with a population
density of 63,000/ sq. miles. The city produces a substantial volume of
municipal solid waste (MSW), exceeding 20,000 tons per day. This equates to
an average generation of 1.244 kilograms of waste per person per day and
7.464 kilograms per household per day. As projected the future municipal solid
waste generation in the city up to 2030. Their forecast suggests that daily
waste production, currently at 20,000 tons, is expected to rise to 25,669.193
tons per day, reflecting an annual growth rate of 2.53% (Afzal et al., 2024; Khatri
et al.,, 2021; Sohoo et al., 2022). Many developing nations, such as Pakistan,
face severe limitations in funding and technical expertise required to address
their growing waste management challenges. Improper waste management
practices, including open dumping, uncontrolled landfilling, and open burning,
contribute contributes to significantly to environmental pollution and serious
threats to health risks, while sustainable practices support environmental
protection and SDG 3 (Kumar & M, 2025; Saif et al., 2025). Many countries
have recognized this gap and the fact that the waste management methods
currently in use are not capable of achieving the Sustainable Development
Goals (Afzal et al., 2024; Dong et al., 2022; Lee & Wong, 2023). In Pakistan, study
on energy recovery has been started. Energy from waste can significantly reduce
the environmental and public health risks caused by conventional solid waste
treatment technologies (Afzal et al., 2024; Khatri et al., 2021; Sohoo et al., 2021).
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Prior studies have demonstrated that the development of garbage worldwide is
influenced by numerous interconnected elements. According to researchers,
the three most crucial elements are social norms and cultural practices,
governance frameworks and policy frameworks, and economic conditions
(including income levels and consumer behavior). Empirical studies show
that socioeconomic factors are among the most important determinants of
waste generation in different geographical areas (Sohoo et al., 2022; Song et
al., 2024). Key socioeconomic variables influencing solid waste generation
include land use patterns, household size, employment sector, income levels,
educational attainment, and the age of the primary household member.
Additionally, seasonal fluctuations in agricultural activity significantly impact
waste composition and volume in rural and peri-urban areas (Nguyen et al.,
2020; Oskarsson et al., 2025; Zhang et al., 2024). The literature review indicates
that per capita waste generation in cities ranges from 0.20 kg/day to 0.85
kg/day, depending on population size. Waste properties (physical and chemical)
differ in regions due to variations in demographics, socioeconomic status,
and seasonal factors. Main challenges to current waste management include
lack of awareness, skilled personnel and land availability. Another reason
is lack of political commitment in urban area. Additionally, gaps in waste
composition databases, financial resources, technical capacity, equipment,
operational systems, and trained staff pose important obstacles to creating
efficient waste management in urban authorities (Cantillo et al., 2023; Paramo-
Telle & Vence, 2025; Zhang et al., 2024; Zhu et al., 2025). The increasing challenge
of MSW in socio- economically diverse areas of Karachi such as Clifton need
urgent consideration due to its serious public health and environmental issues.
Furthermore, unmanaged waste creates breeding grounds for disease vectors
such as mosquitoes, rodents, and flies, increasing the likelihood of infectious
disease transmission.

Existing practices such as inadequate collection, negligible segregation, and
open dumping are causing contamination. Air pollution due to burning of waste,
groundwater issues due to improper dumping and microplastic causes marine
ecosystem degradation. This study emphasizes the importance of conducting
a thorough physicochemical characterization of waste, considering its source,
seasonal variations, and socio-economic stratification for direct waste analysis;
and the need to examine how waste sampling and characterization considering
sampling location, material fractions, and specific physicochemical properties
affect the design of effective waste handling and management systems. In
this research, we present the results with an overall objective to assess the
MSW generation rate, composition, and characteristics based on source, socio-
economic variations in Clifton, Karachi, Pakistan.
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RESEARCH METHODOLOGY

The methodology of the study is based on field work carried out to assess the
solid waste generation rate, physical characteristics, and identification of waste
management practices in selected low, middle, and high-income areas of Clifton,
Karachi.

Study Area

This research was conducted in three socio-economically diverse localities within
the Clifton area of Karachi, Pakistan, (1) Shireen Jinnah Colony, (2) Clifton Block
1, and (3) Clifton Block 2, see table 1 and fig 1.
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Figure 1: Study area and Sampling Location

The methodology of the study is based on field work carried out to assess
the solid waste generation rate, physical characteristics, and identification of
waste management practices in selected low, middle- and high-income areas
of Clifton, Karachi. Household waste samples were collected from five distinct
neighborhoods in Shireen Jinnah Colony, Clifton (low-income zone), with six
households sampled per neighborhood, totaling 30 households. Household

n JISR-MSSE Volume 23 Number 4 Oct - Dec 2025




Rehman et al. Patterns of Municipal Waste Generation and Composition in Socio-Economic Zones

waste samples were collected from five neighborhoods in Clifton Block 1 (middle-
income zone), with six households sampled per neighborhood, totaling 30
households. Household waste samples were collected from five neighborhoods
in Clifton Block 2 (high-income zone), with six households sampled per
neighborhood, totaling 30 households, see Table 1.

Table 1.
Study area information

Zone Neighborhood Area (m?2) Area (ft2)

Low-Income Zone Shireen Jinnah Colony, Clifton  256,911.77  2,765,375.30
Middle-Income Zone Clifton (Block 1) 632,589.00 6,809,131.33
High-Income Zone Clifton (Block 2) 784,619.00 8,445,568.63

Sample Strategy

In this study, random sampling was done in Clifton’s three socio-economic zones,
(1) Shireen Jinnah Colony, (2) Clifton Block 1, and (3) Clifton Block 2. Total 90
households, 30 per zone were selected for collecting samples. This selection was
based on geographical distribution, and income verification. Sampling was done
in five consecutive days during the dry season (March-May) because this period
is better to avoid monsoon-related moisture. Household were provided a 20x30
waste collection bags and they were requested to exclude hazardous material.
A well-designed questionnaire was filled by households. This methodology
balances scientific rigor (ASTM D5231-92 compliance) with policy relevance,
capturing income-based, spatial, and seasonal waste dynamics while linking
household behaviors to broader municipal waste management systems.

Sample Collection
Sampling Collection from Shireen Jinnah Colony (Low Income Zone)

Collection of household waste samples were conducted from Shireen Jinnah
Colony including the Roadside Settlement A, Worker Housing Cluster B, Informal
Dwelling Area C, Temporary Shelter Zone D, and Katchi Abadi Sector E, see
Table 2. Samples were collected for further analysis such as weighing waste
generation, evaluation of composition, moisture content and bulk density, which
was later discussed for comparison with middle- and high-income areas.

After collecting samples, the segregation process was conducted. This stage
was crucial to ensure completely separated and categorized into several types
of materials for accurate assessment of its composition.
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Table 2.
Sampling Collection from Shireen Jinnah Colony (Low Income Zone)

S.No Latitude (N) Longitude (E) Neighborhood HH Samples
1 24°52'30" 67°03'45" Roadside Settlement A 6
2 24°52'45" 67°04'00" Worker Housing Cluster B 6
3 24°53'00" 67°04'15" Informal Dwelling Area C 6
4 24°53"15" 67°04'30” Temporary Shelter ZoneD 6
5 24°52'50" 67°03'55" Katchi Abadi Sector E 6

Sampling Collection from Clifton Block 1 (Middle Income Zone

Collection of household waste samples were conducted from Clifton Block 1 (the
middle-income zone). This zone had mixed waste including food waste, paper,
plastics, metals, glass, and other items. Consumption patterns and disposal
habits were documented.Table 3 shows the sample collection details.

Table 3.
Sampling Collection from Clifton Block 1 (Middle Income Zone)

S.No Latitude (N) Longitude (E) Neighborhood HH Samples
1 24°4810" 67°01'20" Apartment Complex X 6
2 24°4825" 67°01'35" Residential Colony Y 6
3 24°48'40" 67°01'50" Gated Community Z 6
4 24°48'50" 67°02'05" Mixed-Use Area 6
5 24°48'30" 67°01'45" Urban Village 6

Sampling Collection from Clifton Block 2 (High Income Zone

Collection of household waste samples were conducted from Clifton Block 2
(High-Income Zone) such as Gated Villas, Luxury Apartments, High-Rise Towers,
Beachfront Residences and Mixed Areas, see Table 4.

Clifton Block 2 (High-Income Zone) generates less organic waste but more other
types of waste also such as paper, plastics, metals, glass, and e-waste. The
samples were separated into various categories, including organic waste, glass,
metals, plastics, paper, and other items. These results were then compared to
low- and middle-income communities.

m JISR-MSSE Volume 23 Number 4 Oct - Dec 2025



Rehman et al. Patterns of Municipal Waste Generation and Composition in Socio-Economic Zones

Table 4.
Sampling Collection from Clifton Block 2 (High Income Zone)

S.No Latitude (N) Longitude (E) Neighborhood HH Sampled
1 24°49'00" 67°02'15" Luxury Apartments 6
2 24°49"15" 67°02'30" Gated Villas 6
3 24°49'30" 67°02'45" High-Rise Towers 6
4 24°49'45" 67°03'00" Mix 6
5 24°4920" 67°02'35" Beachfront Residences 6

Assessment of the Physical Characteristics of Solid Waste

Each household’'s waste was weighed and divided by the household size to
determine the amount of waste per capita. The given below formula was used
to determine the average amount of waste per capita

Equation 1: Average amount of waste per capita

m n

1
Average Waste Generation Rate =
g prn) D)D)

(Eq 1)

i=1j=1 "7
Where,

m = the total number of days (5 days) in the study period

n = total number of families participating in the study (90)

| =i-th day of waste weighing

j = j-th family

Sj = size of the j-th family

Wij = weight of waste on day i of the j-th family (kg)

Moisture Content

One of the important parameters in municipal solid waste analysis is moisture
content, because it affects decomposition, weight, and treatment. High-
moisture waste often from low-income zones is better for composting, while
low-moisture waste from high-income zones is better for incineration or energy
recovery. The formula to calculate moisture content is given below.

Equation 2: Moisture content

Wet Weight of Sample (kg) — Dry Weight of Sample (kg)

10
Wet Weight of Sample (kg) z 100

Moisture Content (%) =
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Where:

o Wet Weight of Sample (kg) is equal to the waste sample’s initial weight prior to
drying.

o Dry Weight of Sample (kg) is equal to the waste sample’s weight following oven
drying.

e The percentage of water in the waste is determined by this computation, which
is crucial for organizing treatment, storage, and transportation plans

Bulk Density

Bulk density, or the amount of trash per unit volume, is a key physical
measurement of municipal solid waste that reveals its ability to compact
and moisture content. It is critical in the design of collection, storage,
transportation, and healthcare facilities. The density of the bulk material varies
by socioeconomic location due to difference in waste content. For example, low-
income regions have damp organic waste, but high-income regions have dry
containers.

The following formula is used to calculate the bulk density:
Equation 3: Bulk density

Weight of Waste (kg)

Bulls Density (kg/m?) = Volume of Waste (m?)

(Eq 3)

Where:
¢ Waste weight (kg) = measured weight of collected waste

e Waste volume (m2) is the measured or estimated volume of the waste bag or
container.

Questionnaire for the assessment of waste management practices in
study area

A structured questionnaire was administered to 90 households across Clifton’s
three socio-economic zones Shireen Jinnah Colony (low-income), Clifton Block
1 (middle-income), and Clifton Block 2 (high-income) to systematically assess
household waste management practices. The survey collected detailed data
on household demographics, waste storage and disposal methods, collection
service efficiency, recycling and composting behaviors, and environmental
awareness.
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RESULTS AND DISCUSSIONS

Assessment of the waste generation rate in selected low, medium and
high-income areas of Clifton, Karachi

The results analysis shows clear differences in all three zones due to income
levels and lifestyle. Waste generation varies in all three zones. In Shireen
Jinnah Colony (a low-income group), average 3.53 kg per household per day, or
0.58 kg per person waste was calculated. Clifton Block 1 (middle-income zone)
generated the waste higher than Shireen Jinnah Colony, average 4.56 kg per
household per day, or 0.69 kg per person. The higher generation of waste was
noticed in Clifton Block 2 (high-income families), average 5.14 kg per day, or 0.83
kg per person, with higher proportions of plastic and packaging. Below formula
was used to calculate the total waste in kilograms.

Equation 4: Waste Weighted Formula
Total Waste (kg) = Y1 14 (Eq 4)

Low-income areas generate organic waste while to packaging-rich waste in high-
income neighborhoods. The results show a clear link between waste generation
and income, as wealth increases, the amount and variety of waste increases.

Equation 5: Waste per Person Formula

Total Waste Collected (kg)

Number of Persons in Household

Waste per Person (kg/capita/day) = (Eq 5)

Municipal Solid Waste Data of Shireen Jinnah Colony Low Income Zone

Result analysis shows that in Shireen Jinnah Colony, the average daily household
waste generation is 3.53 kg per household or 0.58 kg per person. This low per
capita rate reveals limited consumption and reuse approaches in low-income
families.Figure 2 shows low income data, means waste generated by household
and other shows waste generation per person, all values are in kilograms.

Municipal Solid Waste Data of Clifton Block 1 - Middle Income Zone

Clifton Block 1 (middle-income zone) generated the waste higher than Shireen
Jinnah Colony, average 4.56 kg per household per day, or 0.69 kg per person.
Results show that per capita values ranged between 0.55 and 0.93 kg, see fig 3.
Overall, middle-income households generate a mixed waste that highlights the
need for awareness on segregation and recycling, as well as reliable collection
systems to prevent accumulation.Figure 3 shows middle income data, means
waste generated by household and other shows waste generation per person,
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Shireen Jinnah Colony (Low Income) & Waste Per Person (Kg)
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Figure 2: Municipal Solid Waste Data of Shireen Jinnah Colony Low Income Zone

all values are in kilograms.

Clifton Block 1 (Middle Income) & Waste Per Person (Kg)
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Figure 3: Municipal Solid Waste Data of Clifton Block 1

Municipal Solid Waste Data of Clifton Block 2 - High Income Zone

The higher generation of waste was noticed in Clifton Block 2 (high-income
families), average 5.14 kg per day, or 0.83 kg per person, with higher proportions
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of plastic and packaging, the highest among all three zones. Per capita values
ranged between 0.61 and 1.37 kg, reflecting wider variability due to differences
in household size and food habits.

Clifton Block 2 (High Income) & Waste Per Person( Kg)
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Figure 4: Municipal Solid Waste Data of Clifton Block 2

Compared to low-income and middle-income areas, waste has larger share of
plastics, paper, and disposable packaging, while organics waste was low. Figure 4
shows high income data, means waste generated by household and other shows
waste generation per person, all values are in kilograms.

Assessment of the physical properties (composition, moisture content,
generation rate and bulk density) of solid waste in selected low, middle-
and high-income areas of Clifton, Karachi

The physical properties of MSW varies a lot in Clifton’s socio-economic zones. It
reflects differences in household consumption patterns and lifestyle standards.
In Shireen Jinnah Colony, organic waste was dominated with high moisture
content and a relatively high bulk density. In Clifton Block 1, the mix waste was
found such as organics, paper, and plastics with moderate moisture and medium
bulk density. In Clifton Block 2, lower organic waste was found than recyclables
materials (paper, plastics, glass, and packaging) with less moisture and lower
bulk density. The results show that higher-income families generate bulkier but
lighter waste that require segregation and recycling-focused treatments, while
low-income areas generate dense and wet waste that can be composted.
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Average Waste Generation Rate

The results show differences in waste generation by households in three
socioeconomic zones of Clifton Karachi. In Shireen Jinnah Colony (a low-income
group), average 3.53 kg per household per day, or 0.58 kg per person waste
was calculated. Clifton Block 1 (middle-income zone) generated the waste higher
than Shireen Jinnah Colony, average 4.56 kg per household per day, or 0.69 kg
per person. The higher generation of waste was noticed in Clifton Block 2 (high-
income families), average 5.14 kg per day, or 0.83 kg per person, with higher
proportions of plastic and packaging, see Table 5.

Table 5.
Average Waste Generation Rate

Income Group Avg Waste per HH (kg) Waste per Person (kg)

Low Income 3.5267 0.5761
Middle Income  4.5553 0.6868
High Income 5.1410 0.8338

These results prove a direct link between income levels and waste generation.
The rising leads to higher per capita waste output and a shift towards recyclable
materials e.g paper, plastics, and glass.

Composition of Municipal Solid Waste in Low, Middle, and High-Income
Areas of Clifton, Karachi

In Clifton area, the composition of MSW varies considerably in socio-economic
zones, showing differences in lifestyle and consumption, see Table 6.

The organic waste was dominated in Shireen Jinnah Colony, with food and
plant waste comprising 38% and 12%, respectively, while only 10% and 8% of
plastics and paper respectively. Other waste was negligible such as metals, glass,
leather, textiles, ceramics, wood, and electronic. In Clifton Block 1, a more mixed
waste was found, with food and plant waste at 32% and 10%, while recyclable
plastics and paper at 15% and 12%. Other materials such as metals, glass,
leather, textiles, ceramics, wood at (3%) and electronic at (1%). In Clifton Block
2, relatively lower organic waste (food 25%, plant 8%) was found while higher
proportions of recyclable, dry, and packaged materials, including plastics (20%)
and paper (15%). Other materials such as glass, metals, hazardous, and e-waste
(3%).
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Table 6.
Composition of Municipal Solid Waste in Low, Middle, and High-Income Areas
of Clifton, Karachi

Category Low-Income (%) Middle-Income (%) High-Income (%)
Food Waste 38 32 25
Plant Waste 12 10 8
Recyclable Plastics 10 15 20
Paper/Cardboard 8 12 15
Glass 3 5 6
Metals 2 3 5
Textiles 5 4 4
Leather 2 2 2
Ceramics 4 3 3
Thermocol 3 3 3
Wood 3 2 3
Sand/Dust 5 4 2
Hazardous 0 2 2
E-waste 0 1 3

Moisture Content

The moisture content of MSW was conducted using the standard oven-drying
method at a constant temperature of 105 °C for 24 hours. After drying, dry
weight was calculated and later moisture content was calculated based on the
weight loss during drying. Table 7 shows the moisture content results.

Table 7.
Moisture Content

Zone / Area Wet Weight (g) Dry Weight (g) Moisture Content (%)
Low-Income (Shireen Jinnah) 800 280 65.0
Middle-Income (Clifton Block 1) 1200 328 72.6
High-Income (Clifton Block 2) 1700 374 78.0
Bulk Density

Bulk density is a critical factor for waste collection, transport, storage, and
treatment approaches because it represents the mass of waste per unit volume.
In this research, household waste from the study area including three socio-
economic zones was collected in standardized 30 L (0.03 m?3) containers. The
proper method was applied, both weight and volume were recorded to calculate
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the exact bulk density. Result is given in Table 8.

Table 8.

Bulk Density Across Income Levels

HH No. Low-Income (kg/m?3)

Middle-Income (kg/m?3)

High-Income (kg/m?)

1 76.67
2 146.67
3 43.33
4 153.33
5 173.33
6 160.00
7 113.33
8 75.00
9 143.33
10 90.00
11 126.67
12 110.00
13 176.67
14 103.33
15 206.67
16 90.00
17 120.00
18 193.33
19 96.67
20 143.33
21 73.33
22 156.67
23 63.33
24 96.67
25 106.67
26 180.00
27 56.67
28 113.33
29 61.67
30 76.67

155.33
116.33
158.00
173.00
128.33
197.00
118.33
110.33
142.67
131.67
188.00
128.33
166.00
97.33

239.33
105.00
288.00
116.00
174.33
131.67
146.00
85.00

234.33
106.67
120.67
128.33
125.00
141.67
231.67
171.00

180
190
175
165
300
110
200
125
95

190
120
210
135
90

205
110
150
270
285
175
170
125
180
115
170
160
120
215
110
135

The result shows the insights on how socioeconomic factors impact solid waste
mixture and density, which is important in setting up tailored waste gathering,
storage, and processing solutions for different industries, see Figure 5.

3.6. Identification of waste management practices in selected low, middle-

and high-inc ome areas of Clifton, Karachi
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Comparison of Bulk Density Across Income Levels
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Figure 5: Comparison of Bulk Density Across Income Levels

In Shireen Jinnah Colony, households’ size is bigger comprising more than 7
members, and monthly income mostly ranges between PKR 25,000-50,000.
MSW is thrown or stored in open sacks (18 households) or uncovered bins (9
households), producing less than 3 kg per day for most families. Segregation is
not existed, and waste is collected by informal way. Residents are not satisfied
with collection services. They have limited awareness of environmental impacts,
and minimal use of recycling or composting. In Clifton Block 1, households' size
is not such big, consist of 4-6 members with monthly income ranges between
PKR 50,000-150,000. Waste storage system is a little better, covered bins (13
households) and uncovered bins (14 households) but waste generation per day
is higher, ranges between 1-10 kg. Collection is a little formal, involving both
municipal staff and private companies. In Clifton Block 2, households’ size is
smaller, monthly income more than PKR 150,000. Waste management system
is better, covered bins for storage. Collection is largely managed by private
companies, conducted daily, and satisfaction is high. Households have higher
environmental awareness and willingness to pay for improved services, but
activities such as composting or waste separation remain uncommon.

CONCLUSION

This research assessed waste generation of household including physical
characteristics, and management practices across three socio-economic zones
of Clifton, Karachi (1) Shireen Jinnah Colony (low-income), (2) Clifton Block 1
(middle-income), and (3) Clifton Block 2 (high-income). The results analysis
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shows clear differences in all three zones due to income levels and lifestyle.
Waste generation varies in all three zones. In Shireen Jinnah Colony (a low-
income group), average 3.53 kg per household per day, or 0.58 kg per person
waste was calculated. Clifton Block 1 (middle-income zone) generated the waste
higher than Shireen Jinnah Colony, average 4.56 kg per household per day, or
0.69 kg per person. The higher generation of waste was noticed in Clifton Block
2 (high-income families), average 5.14 kg per day, or 0.83 kg per person, with
higher proportions of plastic and packaging. The organic waste was dominated
in Shireen Jinnah Colony, with food and plant waste comprising 38% and 12%,
respectively, while only 10% and 8% of plastics and paper respectively. Other
waste was negligible such as metals, glass, leather, textiles, ceramics, wood, and
electronic. In Clifton Block 1, a more mixed waste was found, with food and
plant waste at 32% and 10%, while recyclable plastics and paper at 15% and 12%.
Other materials such as metals, glass, leather, textiles, ceramics, wood at (3%)
and electronic at (1%). In Clifton Block 2, relatively lower organic waste (food 25%,
plant 8%) was found while higher proportions of recyclable, dry, and packaged
materials, including plastics (20%) and paper (15%). Other materials such as
glass, metals, hazardous, and e-waste (3%). These differences highlight how
waste type and compaction affect collection, transport, and treatment needs.

Survey findings revealed wide gaps in waste handling. In Shireen Jinnah Colony,
MSW is thrown or stored in open sacks (18 households) or uncovered bins (9
households), producing less than 3 kg per day for most families. Segregation
is not existed, and waste is collected by informal way. Residents have limited
awareness of environmental impacts. In Clifton Block 1, waste storage system is
a little better, covered bins (13 households) and uncovered bins (14 households.
In Clifton Block 2, waste management system is better, covered bins for
storage. Households have higher environmental awareness and willingness to
pay for improved services. Across all zones, segregation at source was entirely
absent. The collection fleet (1 tractor, 14 MT rickshaws, 2 armroll trucks, and 1
compactor) ensured coverage but was inadequate for peak demand, especially
in dense zones. These gaps contribute to visible pollution, overflowing bins, and
irregular collection in poorer neighborhoods.

Findings highlight the urgent need for zone-specific approaches. Low-income
areas require need improved bin infrastructure, formalized collection, and
organic waste treatment. Middle-income households require better scheduling,
integration of recyclables, and community participation programs. High-income
areas need stronger recycling systems, source segregation, and greater private
sector involvement. This study, based on 90 households across three socio-
economic zones, provides an important snapshot of waste generation and
management practices in Clifton. While it focused on a specific timeframe, future
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studies may expand sample sizes, capture seasonal variations, and test pilot
interventions to further enrich these findings.

RECOMMENDATIONS

Based on results of this study, it is observed that SWM in Clifton needs
improvement based on zone-specific requirements. Policies must be developed
to reflect need of these socio-economic zones, including household-level
segregation into biodegradable and non-biodegradable fractions. Sindh
Government should appreciate public-private partnerships because they can
play a critical role in improving collection efficiency and potential for recyclable
recovery.

Infrastructure improvements should be carried out for all different economic
zones because as results reveals that Shireen Jinnah Colony generate organic,
Middle- and high-income zones require proper segregation bins and recycling
system. Similarly, the existing fleet of 18 collection vehicles is insufficient, there
should be proper collection system for further treatment.

Awareness campaigns should focus on promoting household-level segregation,
recycling, and composting practices, involving local associations, schools, and
NGOs. Finally, further research is recommended to address existing knowledge
gaps. Longitudinal studies capturing seasonal and temporal variations in waste
generation and composition would provide a more complete understanding
of household waste dynamics. Additionally, assessing the economic feasibility
of resource recovery programs, such as composting and recycling, will guide
investment decisions. Comparative studies between Clifton and other towns
of Karachi could also inform broader, city-wide strategies for equitable and
sustainable waste management. Collectively, these measures can support a
more efficient, environmentally sound, and socially inclusive waste management
system in Clifton.

FUTURE RESEARCH DIRECTION

Detailed study is required to solve waste issue in Karachi Pakistan:

e Conduct similar waste characterization studies in other districts of Karachi to
compare waste generation patterns

e Investigate household willingness to segregate waste at the source and assess
the feasibility of recycling and composting programs to reduce the volume of
waste sent to disposal sites.
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e Integrate GIS, population density, and waste generation data to optimize waste
collection routes, identify high-waste generation hotspots, and improve the
efficiency of municipal waste management services in Karachi.
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