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Highlights

India faces air quality challenges from high levels of particulate
matter (PM) pollution. Road dust is a significant contributor to
localised PM levels.

The National Clean Air Programme (NCAP), launched by the
Government of India (Gol) to reduce air pollution, has sanctioned
money to polluted cities to mitigate road dust pollution.

Road dust cleaning mechanisms include manual sweeping,
mechanised sweeping, and water flushing. However, we lack data on
their effectiveness in reducing road dust, especially the resuspendable
fraction of road dust, or silt load.

This exploratory study measures silt load values across different road
types in three Indian cities (Mumbai, Indore, and Ahmedabad). In
addition, it evaluates the effectiveness of road cleaning mechanisms
and the speed at which silt load reaccumulates after cleaning.

We find that silt load (in gram per square metre) varies significantly by
road type, from 1to 20, even within the same city. Mechanical cleaning
methods are more effective than the manual and water-based cleaning
methods evaluated, regardless of machine size or operational capacity.
Silt load values returned close to pre-cleaning levels within four to eight
days after cleaning, highlighting the need for regular and optimised
cleaning schedules.
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Executive summary

In India—through increased vehicular activity and
transportation-related emissions, along with other
anthropogenic sources—the growing population and
urbanisation contributes to rising air pollution. The
impacts of rapid urbanisation and industrialisation on urban
air quality are well explored (Zhang et al. 2022; Sharma

and Ghuge 2024). Construction activities and vehicular

and industrial emissions contribute to the increase in air
pollution. However, a significant contributor to increased
concentrations of ambient particulate matter in India is dust
from roads resuspended due to vehicular movement (silt load)
(Jose and Srimuruganandam 2021). In India, approximately
10,000 deaths annually are attributable to pollution by
PM2.5 (ambient fine particulate matter with size less than
2.5 microns) from road dust (Katiyar et al. 2024). Therefore,
strategies that reduce road dust effectively can play an
important role in improving air quality and, thereby, reducing
the health burden attributable to air pollution.

The National Clean Air Programme (NCAP), the flagship
initiative of the Government of India (Gol) launched

to reduce air pollution in India, has identified dust from
resuspension and construction activities as the second-
largest contributor to PM2.5 pollution. Silt load—the
resuspendable fraction of road dust—varies by city, reflecting
the diversity of urban ecosystems in the country. On roads,
high silt load can result from a combination of sources and
enabling conditions. Direct sources include soil spillage from
vehicles, nearby construction activities, and brake and tire
wear emissions, all of which contribute PM to the road surface
(Wagner et al. 2024). Enabling conditions that facilitate the
accumulation and persistence of silt include road type, poor
road quality, the presence of unpaved or partially paved roads,
and inadequate road design.

Although road dust control is included in city clean air
action plans, assessing actual dust and pollution reduction
remains challenging. Currently, a variety of road cleaning
mechanisms—manual cleaning, mechanised cleaning, and
water-based cleaning methods—exist, each with different
cost and labour bases. However, in the absence of data on
the effectiveness of road cleaning methods, the method of
choosing a road cleaning mechanism raises concerns over the
efficacy of investments cities make in tackling road dust.

About this working paper

This study presents measurements of silt load across
different types of roads in three Indian cities (Mumbai,
Indore, and Ahmedabad), evaluates the effectiveness
of different road cleaning mechanisms used by city
administrations to reduce road dust, and examines silt
reaccumulation patterns in Mumbai and Ahmedabad.
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'This exploratory study examines how silt load varies by

road type in the study cities and assesses the effectiveness

of different road cleaning methods in reducing silt load.

This study also provides a basis for more comprehensive
assessments of road cleaning methods and their effectiveness,
thereby supporting evidence-based implementation strategies.

To assess the different characteristics of silt load, we
collected multiple samples of road dust across the road
types identified in this study. We adopted the methodology
of the United States Environmental Protection Agency
(USEPA) to sample road dust and analyse (drying, sieving,
and weighing) it in a laboratory (USEPA 2020a, 2020b).

In addition to reporting silt loads, the study evaluates the
effectiveness of road cleaning mechanisms by analysing the silt
load values of the samples we collected before and after road
cleaning operations—water-based, mechanical, and manual.
To understand the reaccumulation patterns of road dust, we
analysed the silt load values from the samples of road dust we
collected before deep cleaning, four days after deep cleaning,

and eight days after deep cleaning.

Key findings
Siltload values vary significantly by road type and lane

configuration. The variations observed in silt load values

(in gram per square metre), which ranged between 1 and 20,
could be attributed to land use and traffic load, among other
factors that require further investigation to substantiate.
Greater amounts of dust were found to have accumulated on
collector and sub-arterial roads.

Among the three road cleaning methods, mechanical
cleaning methods—irrespective of machine size or
capacity—are most effective at reducing road dust.

In comparison, cleaning methods that utilize water at
high- and medium pressure are less effective and present
greater operational challenges, owing to the need for
manual oversight.

Silt load returned close to pre-cleaning levels within four to
eight days after cleaning. The reaccumulation results can help
cities in optimising their cleaning frequencies across different
road types. Such data can also support cost-effective road dust
management by enabling cities to prioritise roads with faster
silt build-up. This can help balance operational costs, resource
allocation, and fuel and water consumption while maintaining
lower silt load levels.
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Recommendations

Cities should integrate silt load assessments into routine
evaluations of measures to reduce and mitigate dust. To
optimise resource utilisation and maximise the reduction of
road dust, it is necessary to strategically deploy and operate
road cleaning mechanisms. The accumulation of silt and

the effectiveness of cleaning also depend on the type and
condition of roads. Road design plays an important role in
cleaning effectiveness; for example, well-designed roads with
efficient drainage systems are easier to clean.

The findings from this study can serve as an initial step
toward strengthening policy discussions and supporting
city-level planning for road dust reduction and evaluation of
the effectiveness of mitigation measures undertaken. While
the evaluation of road cleaning mechanisms helps identify the
most effective cleaning method, reaccumulation patterns can
help optimize cleaning frequency.

Introduction

Air pollution is a major public health, environmental, and
economic issue (Manisalidis et al. 2020). Worldwide, in 2023,
7.9 million deaths were linked to air pollution (HEI 2025).
Low- and middle-income countries bear the largest burden.
India alone accounts for about 2 million of these deaths; in
2019, premature deaths and illness related to air pollution
were estimated to cost 1.36 percent of its gross domestic

product (GDP) (Pandey et al. 2020).

Particulate matter (PM) pollution is one of the most pressing
air quality challenges in India. Around 84 percent of the
population is exposed to levels of fine ambient particulate
matter (PM2.5) that exceed the national annual standard
(40 microgram per cubic metre) and almost the entire
country experiences concentrations above the World Health
Organization (WHO) guideline (5 microgram per cubic
metre) (Apte and Pant 2019). The major sources of PM
pollution include industrial activities, transport, and the
burning of biomass for residential purposes (Kurmi et al.
2024). In addition, less-studied sources such as road dust
play a substantial role, contributing an estimated 30-60
percent of ambient PM10 (particulate matter with size

less than 10 microns) and PM2.5 (particulate matter with
size less than 2.5 microns) levels (Ghosh et al. 2023). In
India, annually, more than 10,000 deaths are attributable to
PM2.5 pollution from road dust alone (Katiyar et al. 2024).
Low-income households, particularly roadside vendors and
informal workers—and vulnerable groups such as children
and the elderly who live or work near busy or unpaved
roads—experience disproportionately higher exposure

to road dust emissions (Barthwal et al. 2022). Given this
significant contribution of road dust to particulate pollution
and in response to this air pollution crisis the Government

of India (Gol) launched the National Clean Air Programme
(NCAP) in 2019.

The NCAP identifies more than 130 cities that do not meet
the National Ambient Air Quality Standards (NAAQS),
referring to them as “non-attainment” cities. In these cities,
the NCAP aims to reduce PM levels by 20-30 percent, from
2017 levels; the reduction target in PM10 has been revised
to 40 percent over an extended timeline (Ganguly et al.
2020; Lal and Nagpure 2026). The NCAP provides financial
support to the identified cities, linking part of the funding to
performance in reducing air pollution levels, and encourages
cities not only to implement pollution control measures but
also to demonstrate measurable improvements in air quality
(Guttikunda et al. 2025). Given the significant contribution
of road dust to particulate pollution, a large share of NCAP
funding was utilised in managing road dust in non-attainment
cities between 2023 and 2025 (nearly 63-68 percent)
(Choubey 2025; CREA 2026).

Measures such as regular road cleaning are expected to help
reduce the public exposure to PM pollution (Amato et al.
2010a). Generally, in India, road cleaning is carried out
through manual, mechanical, and water-based methods,

and, in some cities, vacuum-assisted sweeping. Many

cities have shifted from manual sweeping to mechanised
cleaning. However, these cities have expanded their fleet
without accurate data on the efficacies of existing dust
clean-up operations (Singh 2026) and the evidence on

how effective these methods are under local conditions is
limited. In addition, evaluating the effectiveness of road dust
management measures requires a clear understanding of how
road dust behaves; and although policy and city-level clean air
action plans recognise the risk posed by road dust, the need to
reduce road dust and the importance of tracking reductions in
road dust, tracking actual reductions remains difficult. Under
Swachh Sarvekshan—TIndia’s annual survey of cleanliness,
hygiene, and sanitation—cities report indicators such as the
length of roads cleaned, the number of machines used, or the
frequency of cleaning (Swachh Sarvekshan Toolkit 2026).
'These indicators are useful but do not directly show how
much dust has been removed or pollution been reduced. To
strengthen the NCAP framework, it is important to show how
effective road cleaning methods are under local conditions and
how much dust has been removed or pollution been reduced.

A key step in this process is measuring silt load, defined as the
mass of fine dust particles with a diametre of 75 microns (pm)
or less present per unit area of road surface that can become
airborne again (USEPA 2001). An indicator commonly

used to understand the amount of road dust available for
resuspension into the air, silt load varies widely by road
conditions, surrounding polluting activities, maintenance
practices, and cleaning frequency (Teng et al. 2007). Roads

that are poorly paved or not regularly maintained tend to
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accumulate more dust, increasing the likelihood of it being
resuspended into the air (Svensson et al., 2023). Silt load
varies widely by city: the values (in gram per square metre)
range from as low as 0.5 to as high as 137 (Katiyar et al.
2024). The burden of road dust is higher in northern Indian
cities: silt load levels (in gram per square metre) tend to

be higher (30-100) for cities in the Indo-Gangetic Plains
than in coastal and hilly regions (0.5-5.8) (Guttikunda and
Jawahar 2014; Suryawanshi et al. 2016; Katiyar et al. 2024).
'This variation reflects differences in local conditions, including
climate, land use, traffic intensity, fleet mix, road quality and
maintenance practices, and other urban activities (for a list of
silt load values reported in earlier studies, including Indian
and representative global studies, see Table A1). However, the
variability observed even within individual cities is large and
the large variability suggests that local conditions and site-
specific characteristics—poor road maintenance, high traffic
volumes, and extensive construction activities—play a major
role in determining silt accumulation.

Experiences from other countries show that road dust can
be managed through targeted approaches, such as improved
street cleaning, the use of dust suppressants, and better road
materials (Amato et al. 2010b). Cities in India report higher
levels of silt load than in cities in developed countries and

in some other developing countries: the silt load level (in
gram per square metre) ranges between 0.03 and 4.2 in Las
Vegas (the US) (Fitz et al. 2020), between 0.006 and 0.066
in Milan (Italy) (Amato et al. 2017), and between 0.30 and
24.22 in Beijing and Baoding (China) (Chen et al. 2019;
Rienda and Alves 2021; Wang et al. 2023). Higher and more
variable silt load values are common in rapidly urbanising
settings where road conditions, maintenance practices, traffic,
type of fleet, and surrounding activities differ from those in
developed countries.

In India, most silt load assessments are conducted as part of
emissions inventory studies, which document the amount
of pollutants discharged into the atmosphere from various
polluting sources and sectors. Usually based on one-time
measurements, these assessments do not include repeated
sampling to capture time-based changes (CSTEP 2022;
TERI 2021). Only a few studies in India have taken a more
comprehensive approach; for example, Katiyar et al. (2024)
conducted a multi-city assessment that covered silt load
measurements, estimation of road dust contributions to
PM2.5 emissions, modelling of PM2.5 concentrations, and
associated health impacts. Most of the earlier studies (Table
A1) are based on limited silt load data and aimed only to
estimate road dust PM emissions.

In contrast, the exploratory study we conducted uses silt road
data, generated through fieldwork, to generate evidence on
road dust levels and the effectiveness of cleaning practices.
By conducting repeated sampling before and after cleaning,
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the study examines how much road dust is removed through
current cleaning methods and how quickly dust reaccumulates.
'This study does not seek to compare results across cities

or cleaning methods; rather, it is intended to serve as a
foundation for comprehensive comparative studies on road
cleaning methods and their effectiveness. The study measures
silt load in three geographically and demographically distinct
Indian cities (Mumbai, Indore, and Ahmedabad), assesses the
effectiveness of road cleaning mechanisms in reducing silt
load, and demonstrates that outcomes differ by approaches.

Based on this study, this working paper

B presents the measurements of silt load in three study
cities across road types (access, collector, sub-arterial,
arterial, and highways;)

B assesses the effectiveness of multiple wet and dry
road cleaning mechanisms adopted by the Mumbai
city administration and of dry road cleaning
mechanisms in Indore; and

B investigates the patterns of silt reaccumulation in
Mumbai and Ahmedabad.

However, this study is subject to certain limitations. Sampling
was not conducted simultaneously across all study cities. The
number of samples collected from cities and the road types
assessed were not uniform. The study assumes negligible
seasonal variability in silt load as it combines silt load data
from road dust samples collected during different months of
the year. Our analysis of the effectiveness of road cleaning
and of the re-accumulation of silt load is limited to two of
three study cities. Industrial areas were considered only in
Ahmedabad, based on the city administration’s suggestion. The
statistical significance of some of the results may be limited as
the sample size is limited.

'The differences in sampling periods, sample distribution,
and road types across cities and the assumption of negligible
seasonal variability may have affected the comparability

of some results.

'The reaccumulation analysis was limited to Mumbai

and Ahmedabad, and the cleaning effectiveness analysis
was limited to Mumbai and Indore. In addition, the
reaccumulation analysis was limited to two time points
following deep cleaning, restricting the understanding of
when accumulation reaches saturation and how natural
factors, such as wind, influence the removal of silt content
due primarily to operational challenges encountered in the
individual study cities. Even though we considered socio-
economic status (SES) and land use in identifying the road
stretches, we did not present the silt load measurements by
SES or land use because the sample size was limited.

However, despite these shortcomings, the study that
this working paper is based on presents a data-informed
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perspective on road dust and cleaning mechanisms and
addresses policy-relevant questions to promote discussions

on and encourage evidence-based decision-making, The
findings of this working paper can support urban local bodies,
pollution control authorities, and policymakers in designing
evidence-based road dust management strategies, optimising
road cleaning interventions, and prioritising mitigation
measures to reduce road dust emissions and their contribution
to ambient PM10 and PM2.5.To the best of our knowledge,
this working paper is one of the few that use silt load data to
investigate the effectiveness of road dust cleaning mechanisms

adopted by cities.

Methodology

In the three cities in India we studied—Mumbai, Indore, and
Ahmedabad—we collected data on road dust by conducting
primary surveys and supporting data through secondary

data sources (such as city master plans and the Census of

India) (Figure 1).

'The methodology we adopted in this study involved
identifying stretches for collecting road dust samples,

Figure 1 | Study cities (dark blue dots) overlaid on the
India map with state boundaries

Source: WRI India Authors.

conducting laboratory analysis to measure silt load levels, and
subsequently analysing the data.

Study cities and road dust
management challenges

We selected the cities based on pollution level, geographic
and demographic diversity, WRI India’s engagement level
with city authorities, and the regions in which WRI India
operates. Mumbai and Ahmedabad are located in western
India. Indore is located in central India. Few comprehensive
assessments exist of silt load in either region: we could not
identify any comprehensive study on silt load for Indore and
Ahmedabad (Table A1), though silt load values are reported
for Mumbai (NEERI 2019).

'The National Clean Air Programme (NCAP) classifies the
study cities—Mumbai, Indore, and Ahmedabad—as non-
attainment cities because their PM pollution levels between

2011 and 2015 exceeded the NAAQS.

Mumbai

Lying along the western coast at latitude approximately
19.08°N and longitude 72.88°E, Mumbai—the financial
capital of India, and the most populous city in the state of
Maharashtra—covers an area of 483.14 square kilometre (sq.
km.) and, in 2023, its population was estimated at 13 million.

Mumbai falls under the jurisdiction of the Municipal
Corporation of Greater Mumbai (MCGM). The total

road network is about 2,050 km, including around 1,950
km maintained by MCGM and about 50 km of state
highways. The city aims to wash 600-1,000 km of roads
daily, but actual cleaning coverage is only about 86-100 km
per day, highlighting a major gap between planning and
implementation (Pinto 2023).

During a recent intensive drive, the corporation reported
washing 676 roads covering 1,888 km (about 92 percent of
the city’s road length), deploying around 14,000 sanitation
workers, 300 water tankers (around 3,000 cubic metre of

water), and 120 misting vehicles (Express News Service 2025).

Road dust management, particularly the effectiveness of
road cleaning efforts for air pollution control, faces several
operational and institutional challenges that continue to
undermine sustained road dust mitigation efforts: limited
equipment and workforce, high water requirements, traffic
constraints, uneven implementation across wards, and
continual dust generation from construction and road
repair activities.
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Indore

Located at approximately latitude 22.72°N and longitude
75.86°E in the western part of the state of Madhya Pradesh,
Indore covers 276 sq. km. The largest and most populous city
in the state, its population was estimated at about 2.7 million
(Census of India 2011). Under the Swachh Bharat Abhiyan,
Indore has consistently been ranked as the cleanest city in
India since 2017.

Governed by the Indore Municipal Corporation (IMC), the
city is divided into 19 zones and 85 wards. Indore has a road
network of about 2,260 km. Road dust is a major contributor
to air pollution, accounting for 55 percent of PM2.5 and

74 percent of PM10 emissions (The Times of India 2025a).
However, the city’s response focuses mainly on short-term
measures, such as mechanical sweeping, water sprinkling, and
hotspot-based cleaning. The city is implementing initiatives
such as pothole-free roads and daily mechanical sweeping
(The Times of India 2025b) but, largely, the approach
remains reactive, and the dust that construction activities

and road cleaning operations generate continuously reduces
the effectiveness of these interventions further. The gaps in
implementation and enforcement are evident in the instructions
from the Pollution Control Board to increase sweeping

operations and improve dust control at construction sites (The
Times of India 2019).

Ahmedabad

Located at about latitude 23.03°N and longitude 72.58°E,
Ahmedabad, situated on the banks of the Sabarmati river, is the
largest city in Gujarat. Spanning an area of 464.16 sq. km., its
population was estimated at 7.6 million in 2023. Administered
by the Ahmedabad Municipal Corporation (AMC), the city is

divided into 7 zones and 48 wards.

In Ahmedabad, the road length totals approximately 2,580 km.
Road dust contributes around 36 percent to PM10 emissions;
therefore, the city focuses a large share of air pollution control
funding on this sector. Operationally, the city’s road dust
management strategy uses 62 mechanical road sweepers and 16
truck-mounted mist machines, but this heavy reliance on short-
term measures to suppress dust does not adequately address the
underlying causes of dust generation (Snigdha 2024) and these
short-term efforts continue to be undermined by rising traffic,
construction activity, and increasing vehicle ownership (Express

News Service 2026).

Factors considered for road
stretch selection

Road dust levels can vary both across and within cities. To
capture these variations and select road stretches for sampling

in the study cities, we considered different factors and classes
within the factors (Table 1).
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Table 1 | Factors considered for identifying the study
road stretches

FACTOR CLASSES CONSIDERED

Land use categories

Residential, commercial, industrial, and
mixed

Socio-economic status
(SES) categories

High and low

Road types Highway, arterial, sub-arterial, collector, and

access roads

Manual, mechanical, and water-based
cleaning

Cleaning mechanisms

Source: WRI India Authors.

Based on these criteria, we initially identified about 60-80 road
stretches, and following reconnaissance surveys and practical
considerations—traffic-related safety, encroachments, etc.—we
finalised 1020 stretches for sampling and considered 5 road
types (highways, arterial, sub-arterial, collector, and access).
Highways are high-capacity road corridors designed for fast and
uninterrupted long-distance travel. Arterial roads are major urban
roadways that serve as connectors between different parts of a city.
Sub-arterial roads function below arterial roads in the urban road
hierarchy, providing important links between arterial and collector
roads. Collector roads are intermediate roads that collect and
distribute traffic between local and access roads and higher-order
roads. Access roads are primarily intended to provide direct access
to residential, commercial, or institutional properties (IRC 2018).
Further, each road type is differentiated by the number of lanes.

Sampling: design and frequency

To align the design and frequency of the sampling with the
study objectives and based on the cleaning frequency observed,
we grouped the 10-20 road stretches selected into 3 categories:
regular cleaning, occasional cleaning, and no cleaning. For
stretches with regular cleaning, we collected samples before
and after cleaning. For stretches with occasional cleaning, we
collected pre-cleaning (baseline) samples and post-cleaning
samples along with additional samples after four days and eight
days of dust build-up to assess mid-week and end-of-week
conditions. We carried out all the sampling during non-rainy
days. No rainfall was recorded between pre- and post-cleaning
sampling in the study cities.

Silt load measurement

'The silt load measurement involves two key steps: collecting
road dust and laboratory analysis of the collected road dust.
The current study precisely adopted the standardised field
and laboratory protocols of the United States Environmental
Protection Agency (USEPA 2020a; USEPA 2020b). The
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Clean Air team of WRI India carried out all the fieldwork.
We outsourced the laboratory analysis to laboratories
accredited with the National Accreditation Board for Testing
and Calibration Laboratories (NABL) in the respective
study cities. From each identified road stretch, we chose
three sampling locations, either equidistant along continuous
road segments (22.5 km) or randomly where interruptions
existed (Figure 2).

At each location, we collected samples from the active
carriageway (excluding shoulders), covering 1-10 feet (around
0.3 to 3 metres) for paved roads and 1 feet (around 0.3 metres)
for unpaved roads.

First, we removed larger debris using a broom and pan, and then,
we vacuumed the finer dust (Figure A1). For divided roads, we
conducted sampling in both directions and combined samples
from each stretch and stored it in labelled bags. We carried out
most of the sampling close to the end of the morning peak
traffic period (between 10 AM and 12 PM), although the exact

timings depended on logistical considerations and road safety
conditions in the study cities.

For the laboratory analysis, first, using the coning and
quartering method, we reduced the field samples on a clean
surface to a manageable and representative size. We removed
oversized particles (>0.6 mm) and weighed them separately.
Then, by oven drying at 110°C, we calculated the moisture
content of the reduced sample (typically 0.4-1.8 kg).

To estimate silt content, we performed dry mechanical sieving.
We weighed broom-collected and vacuum-collected fractions
for paved roads. We sieved samples through a standard set of
mesh sizes, including mandatory No. 20 and No. 200 sieves.
To determine the silt content, we used the proportion of
material passing the 200-mesh sieve (75 pum).

Finally, the silt load is expressed as the weight of the silt content
per unit sampling area in the unit of gram per square metre.

Figure 2 | Schematic depicting the configuration of the road dust sampling locations across an identified road stretch.
Top row represents a road stretch without median, while bottom row represents a road stretch with median

2.5 km without intersection

800 metre

1-10 feet  Few metres

Baseline: 1, 3,5 After cleaning: 2, 4, 6

—

After four days: 1, 3,5

After eight days: 1, 3,5

2.5 km without intersection

800 metre

1-10 feet Few metres

Baseline: 1, 3,5 After cleaning: 2, 4, 6

B FBEFE DB
—&l mE Do

After four days: 1,3, 5

After eight days: 1, 3,5

Note: The numbers represent various sampling locations across the road stretch. Baseline samples were collected on the sampling locations numbered 1, 3, and 5. Post-cleaning
samples were collected on locations numbered 2, 4, and 6. Re-accumulation samples were collected again on locations numbered 1, 3, and 5

Source: WRI India Authors.
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Cleaning mechanisms
Water-based cleaning

'The variants of the water-based cleaning method investi-
gated included high-, medium-, and low-pressure cleaning
(Wang et al. 2024).

'The high-pressure cleaning system uses water at high
pressure to clean dust along the edges of roads. The sys-
tem is mounted on a heavy-duty vehicle (HDV) that is
equipped with a 10,000-litre water tanker and a pipe fitted

with a 1-mm nozzle.

'The medium-pressure cleaning system uses a jet spray system
mounted on a light commercial vehicle (LCV) equipped with
a 3,000-litre water tanker and a diesel pump. The jet spray
system uses a 0.2-mm nozzle to generate the water pressure
required to clean dust.

The low-pressure cleaning system uses a water tanker fit-
ted with a pipe containing irregular apertures (2-3 mm and
larger). Targeting primarily the road median and allowing
water to flow by gravity towards the road edges, the system
removes dust by flooding roads with water.

Mechanical vacuum cleaning

One of the most used methods for removing road dust,
mechanical vacuum cleaning typically uses a rotating side
broom to move dust and debris towards the centre, where a

main broom and a high-power vacuum lift the material into a

hopper (Figure 3).

Mechanical vacuum cleaning machines can cover large areas
in a short time; however, on roads with encroachments,
uneven surfaces, or with limited width, their effectiveness
may be reduced.

Manual cleaning

In manual cleaning, the traditional method of cleaning roads,
brooms and shovels are used to remove dust, debris, and
litter. Manual cleaning is labour-intensive but useful where
mechanical sweepers cannot operate. Effective dust collection
is essential to prevent material from re-entering stormwater
drains, which would otherwise increase silt load.

Sample size and analysis framework

For each study city, we aggregated the data on silt load from
the road dust samples we collected across months and seasons.
'This subsection describes the sampling period, the number

of road stretches covered for dust sampling, the number of
samples collected, and the cleaning mechanisms investigated
(Table 2). Figure 4 describes the methodology we used to

achieve the study objectives.

Figure 3 | Pictures showing water-based, mechanical, and manual cleaning of roads

~
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Source: WRI India.
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Table 2 | Factors considered for identifying the study road stretches

STUDY SAMPLING NUMBER LAND USE NUMBER OF ROAD CLEANING
CITY PERIOD OF ROAD TYPE OF ROAD DUST SAMPLES MECHANISMS
STRETCHES STRETCHES COLLECTED INVESTIGATED
Mumbai December 2023 to 22 Residential: 5 66 Mechanised (vacuum)
June 2024 C . cleaning; manual
ommercial: 6 .
cleaning; water
Mixed (residential -based cleaning (no,
+ commercial + medium and high
industrial): 11 pressure)
Indore September-October 23 Residential: 17 69 Mechanised (vacuum)

2024; April-May 2025 cleaning (three

Mixed (residential

. capacities)
+ commercial +
industrial): 6
Ahmedabad May 2024; March 9 Industrial: 5 27 No cleaning
2025 mechanisms

Mixed (commercial

+residential): 4 investigated

Source: WRI India Authors.

Figure 4 | Flowchart showcasing the study methodology

Identification of road stretches in
the study cities, based on road type,
land-use, and SES

Design road dust sampling schedule
and frequency

Road dust collection and silt load (sL)
estimation, following USEPA guidelines

Objective 1 Objective 2 Obijective 3
Study city and road type- Effectiveness of road cleaning Silt load re-accumulation analysis
wise descriptive statistics mechanisms based on silt load using silt load values, estimated using
of silt load from baseline values, estimated utilizing pre- staggered (baseline, 4 and 8 days after
dust samples and post-cleaning dust samples road cleaning) road dust samples

Source: WRI India Authors.
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Findings

'The results corresponding to the different study objectives are
presented in separate subsections.

Silt load measurements

This section presents the city-wise results of the silt
load measurements.

Mumbai

In Mumbai, we carried out the sampling during the winter
(December and January) of 2023 and the summer (April,

May, and June) of 2024. The sampling covered four road types:

access, collector, sub-arterial, and arterial. Across the city, the
sample-wise silt load values (in gram per square metre) ranged
between 1.25 and 10.13 and by road type, the mean values
ranged between 2.30 and 6.78 (Figure 5).

The silt load values observed in this study were well within the
range reported in the literature for Indian cities (Table A1).

Higher silt load values were observed for collector roads,
followed by sub-arterial roads, arterial roads, and access roads.
A significant variation in silt load values was observed for
two-lane collector and four-lane arterial roads. While silt load
decreased with increasing lanes in arterial roads, contrasting
trends in collector and sub-arterial roads were observed.
Table A2 presents the silt load statistics by road type for all
the study cities.

Indore

In Indore, we conducted sampling during the post-monsoon
months of 2024 and the summer months of 2025. The
sampling covered sub-arterial roads, arterial roads, and
highways. Across the road types covered, the sample-wise
silt load values (in gram per square metre) ranged between
1.24 and 10.60 while the road type-wise mean values ranged
between 3.67 and 4.87 (Figure 6). While four-lane sub-
arterial roads exhibited the highest mean silt load values, the
variability in silt load values across and within road types was
comparatively lower in Indore.

Figure 5 | Road type-wise mean silt load values for Mumbai. The whiskers represent the standard deviation, while
bars without whiskers indicate the availability of only one data point for the respective road type
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Source: WRI India Authors.
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Ahmedabad 0.99 and 19.70, while the road type-wise mean values ranged
between 1.46 and 19.70 (Figure 7). The highest mean silt

In Ahmedabad, road dust samples were collected from an (Fig ) ghest .

. . . load value was observed for three lane sub-arterial roads while

industrial area during the summer months of 2024 and 2025. .

. . the lowest was observed for four-lane sub-arterial roads.

'The sampling covered access roads, sub-arterial roads, and L. .

Significant variability in silt load values was observed for two-

arterial roads. Across the road types covered, the sample-wise

. . lane collector roads.
silt load values (in gram per square metre) ranged between

Figure 6 | Road type-wise mean silt load values for Indore
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Note: The whiskers represents the standard deviation, while bars without whiskers indicate the availability of only one data point for the respective road type.

Source: WRI India Authors.

Figure 7 | Road type-wise mean silt load values for Ahmedabad
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Evaluation of road C|eaning mechanisms average silt load values derived from dust samples (pre- and

post-cleaning road) along with the corresponding cleaning

In this subsection, we evaluate the effectiveness of different effectiveness (Figure 8).

road cleaning mechanisms in removing road dust.

Across all cleaning methods, the post-cleaning silt load
For the purpose of this study, we operationally defined

i R values were substantially lower, indicating a reduction in
effectiveness as the percentage reduction in silt load between

) ; » ) road dust levels due to road cleaning. The highest cleaning
pre-cleaning and post-cleaning conditions relative to the pre- . .
effectiveness, approximately 68 percent, was observed for
mechanical cleaning. This was followed by low-pressure
water cleaning with an effectiveness of approximately 59

percent, high-pressure water cleaning with approximately

cleaning silt load value. We used silt load data from road dust
samples collected before (pre-) and after (post-) road cleaning
for this analysis.

For dry cleaning methods, we collected post-cleaning samples 49 percent effectiveness, and medium-pressure water

as soon as possible after the cleaning activity whereas, for wet cleaning with approximately 32 percent effectiveness. A

cleaning methods, post-cleaning samples were collected after large variability in the cleaning efficiencies was observed for

24 hours to allow the roads to dry. water-based cleaning mechanisms. Manual cleaning achieved
an effectiveness of approximately 45 percent. High- and

Both dry and wet cleaning mechanisms were evaluated in medium-pressure water cleaning methods involve an operator

Mumbai and only dry cleaning mechanisms in Indore. We handling the hose, and efficiencies are, therefore, subject to

aggregated the pre- and post-cleaning silt load values across operator behaviour. It should be noted that the efficiencies for

different road types, and we present the mean results. mechanical and manual cleaning were derived from single-

) point observations.
Mumbai

In Mumbai, we evaluated the effectiveness of cleaning for
five different clean mechanisms over four road types (access,
collector, sub-arterial, and arterial). Here, we present the

Figure 8 | Road cleaning mechanism-wise pre- (blue bar) and post-cleaning (green bar) mean silt load, cleaning
effectiveness (dark blue dot) observed in Mumbai
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Note: Whisker represents the standard deviation. Bars and dots without whiskers indicate the availability of only one data point for the respective cleaning type.
Source: WRI India Authors.
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Indore Figure 9 presents the average silt load values derived from

) ) ) re- and post-cleaning road dust samples, along with the
In Indore, the effectiveness of mechanical cleaning was p P & pies, 8

assessed on three types of roads: arterial, sub-arterial, and
highway. We assessed three types of mechanical cleaning

machines equipped with high-pressure vacuum systems and

corresponding cleaning efficiencies for all three variants of
the mechanical cleaning mechanisms. The mean cleaning
effectiveness was approximately 18 percent for M1, 48 percent
for M2 (with a variability of around 20 percent), and 59

combined with jet spray mechanisms. In this document, we percent for M3 (with a variability of around 17 percent).

refer to these machine types as M1, M2, and M3 (Table

3). Each type varies in operational specifications, including
hopper capacity, water tank capacity, number of nozzles and
brushes, and operating speed.

Table 3 | Technical specifications of the different mechanical cleaning machines considered

Dust collection hopper capacity

Water tank capacity 600 litres 833 litres 600 litres

Refilling frequency After 10-12 km of road cleaned After 6-9 km of road cleaned After 10-15 km of road cleaned
Number of nozzles 12 nozzles 2 spray nozzles 13 nozzles

Nozzle diametre 6 mm Not specified 6 mm

Number of brushes 3 brushes Not specified 2 brushes

Average operating speed 10-12 km h"! 3-8 km h' 10-12 km h*!

Source: WRI India Authors.

Figure 9 | Mechanical cleaning machine-wise pre- (blue bar) and post-cleaning (green bar) mean silt load,
cleaning effectiveness (dark blue dot) observed in Indore
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Silt reaccumulation analysis

'This subsection presents an overview of the rate of silt
accumulation on roads by analysing road dust samples
collected (from the same sampling spot) at three points in
time: just before deep cleaning of the road (baseline), after
four days of cleaning, and after eight days of cleaning.

Based on our requests, city administrations carried out deep
cleaning. We selected road stretches with either no regular
cleaning or only occasional cleaning for this exercise. We
implemented this sampling and analysis configuration in
Mumbai and Ahmedabad (industrial area). In Ahmedabad,
due to operational challenges, we carried out the repeat sample
collection after two and four days of cleaning.

Mumbai
Figure 10 shows the silt load results by road type based on

repeat sampling before road cleaning (the baseline), four days
after cleaning, and eight days after cleaning.

'The plot shows that the pre-cleaning silt load values are higher
than (or comparable to) the silt load values obtained after

four days of cleaning and after eight days of cleaning. This
indicates that for most road types, it takes more than eight
days for the silt content to return to pre-cleaning levels.

On the two-lane access road, where the baseline values (2.3
gram per square metre) were already lower, the silt load values
returned to the baseline level within four days and exceeded
the baseline value after eight days (3.9 gram per square metre).
Interestingly, the rate of silt accumulation was higher on
collector roads than on other road types.

Overall, considerable variations in silt accumulation

were observed across different road types. In general, silt
accumulation is influenced by external factors, such as nearby
polluting activities, including construction and maintenance
activities, as well as traffic dynamics.

Figure 10 | Road type-wise baseline, elapsed four and eight days after cleaning silt load values, depicting the rate

of silt accumulation
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Source: WRI India Authors.
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Ahmedabad 'The results show that the build-up of silt is higher on arterial
and sub-arterial roads in the industrial area and lower on
collector and access roads, due possibly to local activities and
the movement of heavy vehicles.

Figure 11 presents the rate of silt accumulation results for
Ahmedabad. We collected the samples for this exercise from
an industrial area.

Figure 11 | Road type-wise baseline, elapsed two and four days after cleaning silt load values, depicting the rate of
silt accumulation
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Conclusions

Following a well-established methodology and through road
dust sampling and a laboratory procedure, this study assessed
the abundance of road dust by measuring silt load across
multiple road types and lane configurations in three Indian
cities—Mumbai, Indore, and Ahmedabad. The silt load values,
observed to be 1-20 gram per square metre, were within the
range reported for Indian cities in the literature. The variability
observed in silt load underscores that more granular data is
needed to support evidence-based road cleaning strategies.

The study findings can serve as an initial step towards
strengthening policy discussions, conducting further
comprehensive studies, and supporting study cities in
developing evidence-based road dust management policies
and in planning to reduce road dust. Further, leveraging the
strategic repeat sampling of road dust, the study investigated
the effectiveness of various road cleaning mechanisms

being used in these cities and the reaccumulation behaviour
of silt content.

In Mumbai, the evaluation of cleaning mechanisms indicated
that efficiencies vary across different methods and mechanical
cleaning appeared to show higher effectiveness. However,
these results should be interpreted cautiously because the
number of samples is limited. Among water-based cleaning
mechanisms, low-pressure water-based cleaning was found to
be relatively effective. In Indore, among the three variants of
mechanical cleaning machines, no distinct pattern emerged in
cleaning efficiency.

Improving road cleaning effectiveness through sustained
reductions in silt load can help to reduce road dust emissions
and contribute to improvement in ambient air quality. The
reaccumulation analysis showed that within eight days of deep
cleaning, the silt content nearly returned to its pre-cleaning
levels. In industrial areas, the rate of reaccumulation was
observed to be faster.

The NCAP recognises road dust; in practice, however,
reductions in road dust emissions are not tracked
quantitatively, for example, through silt load assessments.
One comprehensive study on silt load was conducted in
Mumbai several years ago, but no such study was identified
for the other study cities. This creates a disconnect between
implementation efforts and actual air quality outcomes.

To improve road dust control, most cities have adopted and
expanded mechanised sweeping in place of manual sweeping
to improve road dust control and increased both the coverage
and frequency of sweeping operations. New Delhi is an
example (Singh 2026). Cities commonly report indicators
such as road length swept, number of sprinklers deployed,
and frequency of cleaning (Manuja et al. 2020). However,

these metrics do not address the critical policy question of

16 | WRI INDIA

how much dust is actually being reduced and how quickly

it reaccumulates.

To effectively reduce silt load, policy recommendations

should consider factors such as traffic flow, fleet mix, nearby
construction activities, road type, and the cleaning methods
used. By integrating the findings across the study objectives,
cities can optimise cleaning frequency and identify the most
suitable cleaning methods for different road types. Going
forward, cities should integrate silt load assessments into
routine evaluations of dust reduction and mitigation measures.

Overall, the findings generated evidence on road dust levels
and the effectiveness of road cleaning practices. The evidence
can strengthen policy discussions on road dust management,
improve road dust management strategies, and support more
effective air quality interventions in Indian cities.

As a way forward, in addition to addressing the limitations
of the current study and expanding similar research to other
geographies, future research should focus on understanding
the drivers of road dust accumulation, including heavy trafhic
movement, and other polluting sources contributing to road
dust. This requires chemical speciation of the silt load.

Chemical speciation studies of road dust have been conducted
in Jordan (Massadeh et al. 2007); England (Charlesworth et
al. 2003); Hong Kong (Li et al. 2001); and Nigeria (Ogunsola
et al. 1994), to name a few countries, but in India, such studies
are very limited. With a sufficiently large sample size, source
apportionment studies can be undertaken to identify and
quantify the major contributors to silt content. Therefore,
future studies could focus on the chemical speciation of silt
content. These kinds of studies can help identify the source of
road dust, enabling proactive road dust management.

As an exploratory effort in this direction, WRI India is
currently conducting chemical analysis of silt content collected
from roads in Mumbai.



Silt load measurement and investigation of the effectiveness of road dust cleaning mechanisms in three Indian cities

References

Amato, Fulvio, Marco Bedogni, Elio Padoan, Xavier Querol, Marina
Ealo, and loar Rivas. 2017, "Characterisation of Road Dust Emissions
in Milan: Impact of Vehicle Fleet Speed." Aerosol and Air Quality
Research 17 (10): 2438-49. https://doi.org/10.4209/aaqr.2017.01.0017.

Amato, Fulvio, Silvia Nava, Franco Lucarelli, Xavier Querol, Andrés
Alastuey, J. M. Baldasano, and Marco Pandolfi. 2010a. “A Compre-
hensive Assessment of PM Emissions from Paved Roads: Real-
World Emission Factors and Intense Street Cleaning Trials." Science
of the Total Environment 408 (20): 4309-18. https://doi.org/10.1016/j.
scitotenv.2010.06.008.

Amato, F, X. Querol, C. Johansson, C. Nagl, and A. Alastuey. 2010b.
"A Review on the Effectiveness of Street Sweeping, Washing and
Dust Suppressants as Urban PM Control Methods." Science of the
Total Environment 408 (16): 3070-84. https://doi.org/10.1016/j.scito-
tenv.2010.04.025.

Apte, Joshua S, and Pallavi Pant. 2019. “Toward Cleaner Air for a
Billion Indians." Proceedings of the National Academy of Sciences 116
(22): 10614-16. https://doi.org/10.1073/pnas.1905458116.

ARAI (Automotive Research Association of India). 2010. Air Qual-
ity Monitoring and Emission Source Apportionment Study for Pune.
Pune: ARAL. https://www.teriin.org/sites/default/files/files/Emis-
sion_Inventory_of_Pune.pdf

Barthwal, Vaishnavi, Suresh Jain, Ayushi Babuta, Chubamenla Jamir,
Arun Kumar Sharma, and Anant Mohan. 2022. “Health Impact As-
sessment of Delhi's Outdoor Workers Exposed to Air Pollution and
Extreme Weather Events: An Integrated Epidemiology Approach.”
Environmental Science and Pollution Research 29 (29): 44746-58.
https://doi.org/10.1007/s11356-022-18886-9.

Bogacki, Marek, Marian Mazur, Robert Oleniacz, and Mateusz
Rzeszutek. 2018. “Re-Entrained Road Dust PM10 Emission from
Selected Streets of Krakow and Its Impact on Air Quality." Paper pre-
sented at the Xth Scientific Conference on Air Protection in Theory
and Practice, E3S Web of Conferences 28 (01003): 1-10. https://doi.
org/10.1051/e3sconf/20182801003.

Charlesworth, S., M. Everett, R. McCarthy, A. Ordonez, and E. De
Miguel. 2003. “A Comparative Study of Heavy Metal Concentra-
tion and Distribution in Deposited Street Dusts in a Large and a
Small Urban Area: Birmingham and Coventry, West Midlands, UK."
Environment International 29 (5): 563-73. https://doi.org/10.1016/
S0160-4120(03)00015-1.

Chen, Xiaojia, Meixiu Guo, Jingjing Feng, Shan Liang, Deming Han,
and Jinping Cheng. 2019. “Characterisation and Risk Assessment of
Heavy Metals in Road Dust from a Developing City with Good Air
Quality and from Shanghai." Environmental Science and Pollution
Research 26: 11387-98. https://doi.org/10.1007/s11356-019-04550-2.

Choubey, Jitendra. 2025. "67% Funds under Clean Air Plan Used for
Clearing Dust." The New Indian Express. https://www.newindianex-
press.com/india/2025/Jan/10/67-funds-under-clean-air-plan-used-
for-clearing-dust.

CSTEP (Center for Study of Science, Technology and Policy). 2022.
Emission Inventory and Pollution Reduction Strategies for Benga-
luru. https://cstep.in/wp-content/uploads/2025/07/El_Report_
Final_04Feb22.pdf.

CREA (Centre for Research on Energy and Clean Air). 2026. Tracing
the Hazy Air 2026 Progress Report on National Clean Air Programme
(NCAP). https://energyandcleanair.org/publication/2026-progress-
report-on-national-clean-air-programme/.

Express News Service. 2025. "BMC Carries out Washing of Roads to
Combat AQI Concern." The Times of India.

Express News Service. 2026. “Run-up to 2030 Commonwealth
Games | Ahmedabad Civic Body to Push for Green Infrastructure,
Clean Air." The Indian Express.

Fitz, Dennis R., Kurt Bumiller, Charles Bufalino, and David E.
James. 2020. "Real-Time PM10 Emission Rates from Paved Roads
by Measurement of Concentrations in the Vehicle's Wake Using
On-Board Sensors Part 1. SCAMPER Method Characterisation.”
Atmospheric Environment 230: 117483, https://doi.org/10.1016/].
atmosenv.2021.118453.

Ganguly, Tanushree, Kurinji L. Selvaraj, and Sarath K. Guttikunda.
2020. “National Clean Air Programme (NCAP) for Indian Cities:
Review and Outlook of Clean Air Action Plans.” Atmospheric Environ-
ment: X 8:100096. https://doi.org/10.1016/j.aea0a.2020.100096.

Ghosh, Abhinandan, Pavan Kumar Nagar, Brajesh Singh, Mukesh
Sharma, and Dhirendra Singh. 2023. “Bottom-Up and Top-Down
Approaches for Estimating Road Dust Emission and Correlating It
with a Receptor Model Results over a Typical Urban Atmosphere of
Indo Gangetic Plain.” Science of the Total Environment 904: 167363,
https://doi.org/10.1016/j.scitotenv.2023.167363.

Guttikunda, Sarath K., and Puja Jawahar. 2014. "Characterizing
Patna's Ambient Air Quality & Assessing Opportunities for Policy
Intervention.” Technical Report, New Delhi, India. https://dx.doi.
0rg/10.2139/ssrn.4887860.

Guttikunda, Sarath K., Sai Krishna Dammalapati, and Gautam
Pradhan. 2025. "Assessing Air Quality during India’s National Clean
Air Programme (NCAP): 2019-2023." Atmospheric Environment 343:
120974. https://doi.org/10.1016/j.atmosenv.2024.120974.

Greater Chennai Corporation, and Tamil Nadu Pollution Control
Board. 2021. An Interim Progress Report on Source Apportionment
and Carrying Capacity Assessment for Chennai City under National
Clean Air Mission, by S. M. Shiva Nagendra. Consultant report.
Chennai. https://chennaicorporation.gov.in/gcc/pdf/Source%20Ap-
portionment%20and%20Emission%20Inventry%20study%20by %20
IIT-M(IOR).pdf.

Han, Sehyun, and Yong-Won Jung. 2012. “A Study on the Charac-
teristics of Silt Loading on Paved Roads in the Seoul Metropolitan
Area Using a Mobile Monitoring System." Journal of the Air & Waste
Management Association 62 (7): 846-62. https://doi.org/10.1080/109
62247.2012.686892.

HEI (Health Effects Institute). 2025. State of Global Air 2025: A
Report on Air Pollution and Its Role in the Leading Causes of Deaths.
Boston, MA: HEI.

IRC (Indian Roads Congress). 2018. “Geometric Design Standards
for Urban Roads and Streets.” IRC:86-2018. https://law.resource.org/
pub/in/bis/irc/irc.gov.in.086.2018.pdf.

WORKING PAPER | September 2026 | 17



Jose, Jithin, and B. Srimuruganandam. 2021. “Effect of Silt Loading

on Particle Concentration in the Atmosphere from Resuspended
Road Dust through Particulate Matter Dispersion Modeling." Air
Quality, Atmosphere & Health 14 (9): 1475-86. https://doi.org/10.1007/
s11869-021-01034-6.

Katiyar, Arpit, Diljit Kumar Nayak, Pavan Kumar Nagar, Dhiren-

dra Singh, Mukesh Sharma, and Sri Harsha Kota. 2024. "Fugitive
Road Dust Particulate Matter Emission Inventory for India: A Field
Campaign in 32 Indian Cities.” Science of the Total Environment 912:
169232, https://doi.org/10.1016/j.scitotenv.2023.169232.

Kurmi, Om P, Tara Ballav Adhikari, Sudhir K. Tyagi, Per Kallestrup,
and Torben Sigsgaard. 2024. “Addressing Air Pollution in India: In-
novative Strategies for Sustainable Solutions.” The Indian Journal of
Medical Research 160 (1): 1. https://doi.org/10.25259/IJMR_691_2024.

Lal, Raj M., and Ajay S. Nagpure. 2026. “Evaluation of India’s National
Clean Air Program Performance and Potential Health Benefits."
Environmental Science & Technology Letters. https://doi.org/10.1021/
acs.estlett.5c01224.

Li, Xiangdong, Chi-sun Poon, and Pui Sum Liu. 2001. “Heavy Metal
Contamination of Urban Soils and Street Dusts in Hong Kong."
Applied Geochemistry 16 (11-12): 1361-68. https://doi.org/10.1016/
S0883-2927(01)00045-2.

Manisalidis, loannis, Elisavet Stavropoulou, Agathangelos Stavro-
poulos, and Eugenia Bezirtzoglou. 2020. “Environmental and Health
Impacts of Air Pollution: A Review." Frontiers in Public Health 8: 14.
https://doi.org/10.3389/fpubh.2020.00014.

Massadeh, A., Qasem Jaradat, and Mutewekil Obiedat. 2007. "Chemi-
cal Speciation of Lead and Cadmium in Different Size Fractions of
Dust Samples from Two Busy Roads in Irbid City, Jordan." Soil and
Sediment Contamination: An International Journal 16 (4): 371-82.
https://doi.org/10.1080/15320380701404466.

NEERI (National Environmental Engineering Research Institute).
2019. "PM10 and PM2.5 Source Apportionment Study and Devel-
opment of Emission Inventory of Twin Cities Kolkata and Howrah
of West Bengal." https://www.wbpcb.gov.in/writereaddata/files/
SA_Kol-How_Final%20Report.pdf.

NEERI (National Environmental Engineering Research Institute).
2010. Air Quality As-sessment, Emission Inventory and Source Ap-
portionment Studies. Mumbai: NEERI. https://cpcb.gov.in/displaypdf.
php?id=TXVtYmFpLXJIcG9ydC5wZGY=.

Office of the Registrar General & Census Commissioner, India. 2011.
“Provisional Population Totals: Paper 2 of 2011: Rural-Urban Distribu-
tion of Population.” New Delhi: Ministry of Home Affairs, Government
of India. https://censusindia.gov.in/nada/index.php/catalog/42617/
download/46288/Census%200f%20India%202011-Rural%20
Urban%20Distribution%200f%20Population.pdf.

Ogunsola, O. J,, A. F. Oluwole, O. I. Asubiojo, H. B. Olaniyi, F. A.
Akeredolu, O. A. Akanle, N. M. Spyrou, N. |. Ward, and W. Ruck. 1994.
"Traffic Pollution: Preliminary Elemental Characterisation of Road-
side Dust in Lagos, Nigeria." Science of the Total Environment 146:
175-84. https://doi.org/10.1016/0048-9697(94)90235-6.

18 | WRI INDIA

Pandey, Anamika, Michael Brauer, Maureen L. Cropper, Kalpana
Balakrishnan, Prashant Mathur, Sagnik Dey, Burak Turkgulu, et al.
2021, "Health and Economic Impact of Air Pollution in the States
of India: The Global Burden of Disease Study 2019.” The Lancet
Planetary Health 5 (1): e25-e38. https://doi.org/10.1016/S2542-
5196(20)30298-9.

Pinto, Richa. 2023. “Target: 600km/Day, Reality: 86km/Day. Is Road
Cleaning Plan Set to Be Wash Out." The Times of India. https://
timesofindia.indiatimes.com/city/mumbai/target-600km/day-
reality-86km/day-is-road cleaning-plan-set-to-be-washout/article-
show/105136468.cms.

PSCST (Punjab State Council for Science & Technology, Chandi-
garh), and TERI (The Energy and Resources Institute). 2020. “Source
Apportionment Study to Prepare Action Plan to Improve Air Quality
of Ludhiana City." https://www.teriin.org/sites/default/files/2021-07/
es-ludhiana.pdf.

Rienda, Ismael Casotti, and A. Alves. 2021. “Road Dust Resuspen-
sion: A Review."” Atmospheric Research 261. https://doi.org/10.1016/j.
atmosres.2021.105740.

Sharma, Atul Prakash, Ki Hyun Kim, Ji Ahn, Zang Ho Shon, Jong
Ryeul Sohn, Jin Hong Lee, Chang Jin Ma, Richard J. C. Brown, and Ki
Hyun Kim. 2014. "Ambient Particulate Matter (PM10) Concentrations
in Major Urban Areas of Korea during 1996-2010." Atmospheric Pol-
lution Research 5 (1): 161-69. https://doi.org/10.5094/APR.2014.020.

Sharma, Gajender Kumar, and Vidya V. Ghuge. 2024. "How Urban
Growth Dynamics Impact the Air Quality? A Case of Eight Indian
Metropolitan Cities." Science of the Total Environment 930: 172399,
https://doi.org/10.1016/j.scitotenv.2024.172399.

Sharma, Mukesh. 2021. “Air Quality Assessment, Trend Analysis,
Emission Inventory and Source Apportionment Study in the City of
Kanpur." https://home.iitk.ac.in/~mukesh/Publications/2022_1IT%20
Kanpur_UPPCB_Final-Report-Kanpur-Source%20Apportion-
ment%20and%20Emission%20Inventory.pdf.

Singh, Paras. 2026. "Mechanical Sweeping Fleet to Control Dust on
Roads to Be Double, Delhi Carved in Three Zones." Hindustan Times.
https://www.hindustantimes.com/cities/delhi-news/mechanical-
sweeping-fleet-to-control-dust-on-roads-to-be-double-delhi-
carved-in-three-zones-101775501606014.html.

Snigdha. 2024. "Ahmedabad's Stop-Gap, Incentivised CRCAP No
Lasting Fix." The Secretariat. https://thesecretariat.in/article/ahmed-
abad-s-stop-gap-incentivised-crcap-no-lasting-fix.

Sourabh, Manuja, Kuldeep Choudhary, and Suneel Pandey. 2020.
"An Audit of Mechanised Road Sweeping Operations in National
Capital of India—A Case Study." International Journal of Engineering
Research 9 (5). https://doi.org/10.17577/1JERTV9IS050804.

Suryawanshi, P. V,, B. S. Rajaram, A. D. Bhanarkar, and C. V. Chalapati
Rao. 2016. "Determining Heavy Metal Contamination of Road Dust
in Delhi, India." Atmdsfera 29 (3): 221-34. https://doi.org/10.20937/
ATM.2016.29.03.04.

Svensson, Nina, Joacim Lundberg, Sara Janhall, Sami Kulovuori,
and Mats Gustafsson. 2023. "Effects of a Porous Asphalt Pave-
ment on Dust Suspension and PM10 Concentration.” Transportation
Research Part D: Transport and Environment 123: 103921, https://doi.
0rg/10.1016/j.trd.2023.103921.



Silt load measurement and investigation of the effectiveness of road dust cleaning mechanisms in three Indian cities

Teng, H., V. Kwigisile, D. E. James, and R. Merle. 2007. “Identifying
Influencing Factors on Paved Roads Silt Loading.” Journal of the
Air & Waste Management Association 57 (7): 778-84. https://doi.
0rg/10.3155/1047-3289.57.7.778.

TERI. 2021. “Source Apportionment Study for the City of Surat,
Gujarat.” https://www.suratmunicipal.gov.in/Content/Documents/
Departments/AQMCell/SASHRA.pdf.

The Times of India. 2019. "Use Mechanical Sweeping to Reduce Dust,
Pollution Control Board Tells Indore Municipal Corporation.” https://
timesofindia.indiatimes.com/city/indore/use-mechanical-sweeping-
to-reduce-dust-pcb-tells-imc/articleshow/72191482.cms.

The Times of India. 2025a. “Indore to Launch Comprehensive
Campaign to Tackle Air Pollution and Improve AQl." https://time-
sofindia.indiatimes.com/city/indore/indore-to-launch-comprehen-
sive-campaign-to-tackle-air-pollution-and-improve-agi/article-
show/118031940.cms.

The Times of India. 2025b. “Indore Tops Swachh Vayu Survey 2025

with Perfect Score of 200; Sets Benchmark for Urban India.” https://
timesofindia.indiatimes.com/city/indore/now-swachh-city-gets-per-
fect-score-in-swachh-vayu-survekshan/articleshow/123792144.cms.

USEPA (United States Environmental Protection Agency). 2020a.
"AP-42, Appendix C.1: Procedures for Sampling Surface/Bulk Dust
Loading." https://www.epa.gov/sites/default/files/2020-11/docu-
ments/app-cl.pdf.

USEPA (United States Environmental Protection Agency). 2020b.
"Appendix C.2: Procedures for Laboratory Analysis of Surface/
Bulk Dust Loading Samples.” https://www.epa.gov/sites/default/
files/2020-11/documents/app-c2.pdf.

Wagner, Stephan, Christopher Werner Funk, Kathrin Miller, and Da-
vid Joshua Raithel. 2024. “The Chemical Composition and Sources
of Road Dust, and of Tire and Road Wear Particles—A Review." Sci-
ence of the Total Environment 926: 171694. https://doi.org/10.1016/j.
scitotenv.2024.171694.

Wang, Haibin, Lihui Han, Tingting Li, Song Qu, and Yuncheng Zhao.
2023. “Temporal-Spatial Distributions of Road Silt Loadings and
Fugitive Road Dust Emissions in Beijing from 2019 to 2020." Journal
of Environmental Sciences 132: 56-70. https://doi.org/10.1016/j.
jes.2022.07.007.

Wang, Szu-Hong, Yan-Xin Liao, and Liang-Xu Zhang. 2024. "Intelli-
gent Water-Efficient Street Cleaning Vehicle for Road Pollution Iden-
tification Applications.” 2024 International Conference on Consumer
Electronics-Taiwan (ICCE-Taiwan), 227-28. |EEE. https://ui.adsabs.
harvard.edu/link_gateway/2024nsut.conf..398W/doi:10.1109/ICCE-
Taiwan62264.2024.10674592.

Zhang, Xiaoyan, Lijian Han, Haiyan Wei, Xiaorui Tan, Weiqi Zhou,
Weifen Li, and Yuguo Qian. 2022. “Linking Urbanisation and Air
Quality Together: A Review and a Perspective on the Future Sus-
tainable Urban Development.” Journal of Cleaner Production 346:
130988. https://doi.org/10.1016/j.jclepro.2022.130988.

WORKING PAPER | September 2026 | 19



Appendix

Table A1 | Silt load values observed in various Indian and global cities

COUNTRY STATE CITY sL RANGE (g m2) | REFERENCE

India Bihar Patna 30-100 Guttikunda and Jawahar (2014)
Delhi New Delhi 3-40 Suryawanshi et al. (2016)
Gujarat Surat 1.5-2.6 TERI (2021)

Himachal Pradesh Baddi 45-58 Katiyar et al. (2024)

Damtal 0.7-13

Nalagarh 0.6-14

Kalaamb 0.7-12

Paonta Sahib 0.5-15

Sundarnagar 0.8-1.2

Parwanoo 0.6-14
Jharkhand Dhanbad 15.2-44.3 Kumar et al. (2021)
Karnataka Bangalore 3.6 CPCB (2011)
Maharashtra Pune 9 ARAI (2010)

Mumbai 0.534 NEERI (2010)
Punjab Patiala 0.9-4.2 Katiyar et al. (2024)

MGG 1.3-17.6

Khanna 1.0-9.9

Nangal 1.5-7.8

Jalandhar 1.8-9.9

Dera Bassi 1.9-307

DBN 19-54

Amritsar 2.3-1.6

Ludhiana 0.64-4.05 PSCST and TERI (2020)
Rajasthan Jaipur 4.0-102.4 Katiyar et al. (2024)

Alwar 4.0-137.8
Tamil Nadu Chennai 3-34 Greater Chennai Corporation, and Tamil

Nadu Pollution Control Board (2021)

Telangana Hyderabad 0.2-8.6

Uttar Pradesh Kanpur 75.7-112 Sharma et al. (2010)
Kanpur Nagar 21-10.1 Katiyar et al. (2024)
Rae Bareli 3.5-7.9
Anpara 3.5-79
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COUNTRY STATE CITY sL RANGE (g m2) | REFERENCE

India Uttar Pradesh Bareilly 3.9-6.3
Gajraula 41-6.1
Jhansi 41-6.0 Katiyar et al. (2024)
Noida 41-85
Moradabad 54-9.9
Kanpur Dehat 5.4-9.9
Agra 6.8-9.2
Khurja 74-9.9
Firozabad 14.8-171
Varanasi 18.3-26.3
Prayagraj 18.7-25.4
West Bengal Kolkata 0.2-0.46 NEERI (2019)
Howrah 0.37-0.51
USA Las Vegas 0.03-4.2 Fitz et al. (2020)
Italy Milan 0.006-0.066 Amato et al. (2017)
South Korea Icheon & Seoul 25 &5 Han and Jung (2012); Sharma et al.
(2014)
Spain Madrid & Barcelona 1.35-4.40 Karanasiou et al. (2014)
Netherlands Utrecht 1.35-4.40 Karanasiou et al. (2014)
Poland Krakow 0.220-1.250 Bogacki et al. (2018)
China Beijing & Baoding 0.30-24.22 Wang et al. (2023a); Casotti Rienda and

Alves (2021); Chen et al. (2019)

Source: WRI India authors' analysis.

Figure A1 | Photographs captured during the field work (road dust sample collection)

Source: WRI India.
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Table A2 | City- and road type-wise silt load statistics

CITY

Mumbai

Indore

Ahmedabad

Source: WRI India.

22 |

WRI INDIA

ROAD TYPE

Access road-two lane
Collector-two lane
Collector-four lane
Sub-arterial-two lane
Sub-arterial-four lane
Arterial-four lane
Arterial-six lane
Arterial-eight lane
Sub-arterial-two lane
Sub-arterial-four lane
Arterial-two lane
Arterial-four lane
Arterial-six lane
Highway-four-lane
Access road-one lane
Collector-two lane
Sub-arterial-two lane
Sub-arterial-three lane
Sub-arterial-four lane

Arterial-four lane

NUMBER OF ROAD

STRETCHES

AVERAGE (MIN., MAX., SD) sL

IN G M

2.3 (1.54,3.06,1.07)
6.78 (2.55,10.13,3.86)
4.9 (3.22,6.57,2.37)
4,01 (4.01,4.01,0)
578 (3.19,8.38,3.67)
5.91(5.52,6.3,0.55)
3.01(1.66,6.31,1.93)
2.8 (1.25,3.97,1.4)
3.67 (2.35,5.32,1.05)
4,87 (4.874.87,0)
374 (1.24,10.6,2.74)
418 (3.78,4.58,0.57)
43 (4.3,4.3,0)

42 (4.2,4.2,0)

7.39 (7.39,7.39,0)
912 (4.6,13.64,6.4)
5.29 (4.72,5.87,0.82)
19.7 (19.719.7,0)

146 (0.99,1.93,0.66)

4,88 (4.88,4.88,0)
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