Ref. No.: GEMI/ SAS 243(36)/2023 -24/ 67 ik October 2025

Forests & Environment Departn
Government of Gujarat

Source Apportionment Study
Rajkot City

Prepared by:

GEMI Gujarat Environment Management Institute (GEMI)

(An Autonomous Institute of Government of Gujarat)

sl
6An | SO 9001: 2015, |1 SO 14001:2015 & | SO 45001: 2018

AfiWe Provide Environment al Solutionso




About this Document

Name of the Document: Source Apportionment Study Rajkot City
Reference No: GEMI/ SAS 243(36)/2023 -24/67
Prepared by: Gujarat Environment Management Institute (GEMI), Gandhinagar
Prepared for: Rajkot Municipal Corporation
Oct 2025

For official use and internal circulation only

©Gujarat Environment Management Institute

DISCLAIMER

This report has been prepared by Gujarat Environment Management Institute (GEMI), solely as a part of the

pr o] eSource Apportionment Study Rajkot City 6 . GE MI has taken all reasonabl e
preparation of this report. This is a draft report and all findings, observations and statements are based on

preliminary assessments and are suggestive at this point of time and shall not be treated as c onclusive. GEMI

believes that the information and facts presented in the report are accurate as on the date it was written

and due credits are given for data and reference material used in the report. However, it is impossible to

dismiss absolutely, the po ssibility of errors or omissions. GEMI therefore specifically disclaims any liability

resulting from the use or application of the information contained in this report. The information is not

intended to serve as legal advice related to the individual situ ation .




Source Apportionment Study Rajkot City (202  5)

Dedicated Team

Overall Gui dance and Supervision

DrJaipal Singh, I FS
PCCF & Director

DrNi t asha Khatri
Senior Scientific Officer & Laborat

Project Head

Shri Paresh Chavda

Unit H®egu&y Environment al Engineer
MsSmr ut i Pat el
Deputy Environment al Engineer

Ms . Madhavi Pi mpar kar
Deputy Environment al Engineer

Project Managers

Shri Abbas Dha Shri Ut sav ( MsSur bhi Yada
Assi stant Environ Senior Scient Assistant Environ

Laboratory Analysis
GEMI 6s Laboratory

Project Assistants

Shri. Mayur Shri Sunil Shri Dinesh Shri Prata
Shri JigneshMs. Suni ta Ms. Drashti Ms . Ni s ha
Shri Sahi l C Ms . Hir al IShri Pruthviraj Chauha






Source Apportionment Study Rajkot City (202  5)

Executive Summary

There is considerable evidence that anthropogenic particles at concentrations typical of urban air
sheds, directly affect human health. Suspected adverse health effects of even low levels of air

pollution have led

The rapid growth of the economy and the uncontrolled emissions from different sectors are playing

a major role in the deterioration of air quality in most of the cities in India. Monitoring of ambient air

quality in various cities/ towns across the country ~ , as part of the National Air Monitoring Programme
(NAMP), provides air quality information which forms the basis for the identification of areas with

high levels of air pollution and the planning of strategies to control and reduce air pollution. Over

70% of cities monitored by the National Ambient Air Quality Programme (NAAQP) have violated
national ambient air standards. India's government has implemented measures such as the
National Clean Air Programme (NCAP), expanding air quality monitoring networks, strict vehicular
emission standards, and introducing LPG in rural households. However, due to population growth

and economic sector expansion, air quality continues to deteriorate. The NCAP has identified 131
non -attainment cities that consistently violat e national ambient air standards. Subsequently, the
CPCB and the MoEF (Ministry of Environment and Forests) of the Government of India assumed the

responsibility of source apportionment under the NCAP

Rajkot, India's 35th largest metropolitan area, has experienced significant population growth due
to increased industrial, trade, and commercial activities. The city has become a crucial supply
chain for global engineering companies. This growth has led to increased vehicular growth and
fuel consumption, with an average of 59 to 60 thousand vehicles added annually. Industrial
activities, domestic fuel burning, open biomass burning, re -suspended dust, and construction

activities contribute to the deteriorati on of air quality.

Rajkot's air quality is a significant concern, leading to its designation as a non -attainment city under
the NCAP. In accordance with the above -mentioned guidelines, the Rajkot Municipal Corporation
(RMC) entrusted Gujarat Environment Management Institute (GEMI) with the task of conducting the

Source apportionment Study (SAS) for the city of Rajkot.

The purpose of this study is to support the city's air quality management plan. The primary goal was
to allocate the sources of particulate matter concentration by utilizing dispersion and receptor

modelling, two distinct scientific methodologies.

The Source Apportionment Study aims at understanding the various sources of air pollution and their

reception & dispersion in ambient air using field data of the recent period.
The major objectives of the study are as follow:

1 To profile Ground Level Concentration (GLC) of air pollutants in different parts of the city

including background, residential, commercial/mixed and industrial zone.

1 To select appropriate emission factors for other non -vehicular sources viz. industries,
industrial & domestic fuel combustions, roadside dust, construction activities, generator sets,

etc.

I I ——————————————————————
5



Source Apportionment Study Rajkot City (202  5)
|

1 To prepare inventory for different air pollutants, their emission rates & pollution loads from
various sources along with spatial and temporal distribution in the city covered under this

project.
1 To profile the source emission characteristics of different possible sources.

I To conduct source apportionment studies for PMaio and prioritize the source categories for

evolving cost -effective air pollution mitigation strategies/plans.

1 To assess the impact of sources on ambient air quality under different management/
interventions/control options and draw a roadmap of short term and long -term measures

as considered appropriate and cost effective to en

Following a year -long evaluation of the levels of air pollutants measured at five different sites
throughout the city, source allocation of PMio levels has been determined using chemical
characterization of PM samples, emission inventory of Rajkot municipal receptor, and dispersion
modelling. In order to forecast future air quality and pinpoint tactics with the best chance of

success, a validated model has also been employed.

This study has five major components (i) Ambient air quality measurements, (ii) emission inventory,
(iii) Dispersion modelling, (iv) Receptor modelling and (v) Air Pollution Control Options & Future

Projections. The highlights of these components are prese nted below.

The following are the study's general conclusions:
Ambient air quality status of Rajkot City

A detailed survey was done by team GEMI to assess pollution sources in Rajkot city and thereby
ambient air quality monitoring for pollutants PM 10, PM25s, SOz, and NO «xat five locations during winter

and summer was carried out as per the SAS guidelines by CPCB.

Particulate pollution is the main concern in the city where PM 10 levels are almost 2.5 times higher
than the National Ambient Air Quality Standards (NAAQS) during the winter season, and were
observed within the stipulated norms for summer. PM 25 levels are almost 1.5 times higher than the
national standard in winter months, and were observed within the stipulated norms for summer. The
chemical composition of PM 10 carries the signature of sources and their harmful contents. The
chemical composition is variab  le depending on the size fraction of particles and the season.

During winter, the PM 10/PM 25 ratio in Rajkot across five monitoring locations ranged from 2.3 to 3.4,
while in summer it varied from 1.5 to 2.9, indicating that 31% to 69% of the PM 10 mass was contributed
through fine particles (PM  2s), which is subset PM 10. The slightly decrease inthe PM  10/PM 25 ratio during
summer had indicated a relative rise in fine particulate pollution, likely due to atmospheric reactions

forming secondary pollutants.

In contrast, higher ratios during winter had suggested a greater presence of coarser particles like

road dust and crustal material due to resuspension of dust, influenced by meteorological conditions

such as temperature inversions, low mixing height, etc. which had trapped coarser particles near
the ground.
During the winter, among the five monitoring locations, Aji (industrial location) was observed to

I I ——————————————————————
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have the highest PMio concentration, followed Multiactivity centre  (a commercial kerb site). The
average PM 2sconcentration during the summer was found to be below the recommended limit at

all five different receptor locations. Significant spatial and temporal variations in ambient air quality

were observed during the study period 2022 -23. Al t hough, gaseous pollutants?d

the NAAQS limit, except SOz in winter at few locations, seasonal variation in NOx and SO 2is due to

variability in mete orology and due to vehicular traffic  , local open burnin g and open eat outs etc.

The PM1o was further analysed for chemical species like ions, elements and carbons for winter as

well as summer.

The chemical composition of  PMuo carries the signature of sources and their harmful contents. The
chemical composition is variable depending on the size fraction of particles and the season. The

PM levels and chemical composition are discussed separately for two seasons.

WINTER SUMMER % ons

% lons 18%
21%

% Others
34%

% Others
39%

% TC (EC
& OM)
33%
% Elemen % TC (EC % ’
22% &z(gy) Elements
° 10%
PM1o chemical speciation analysis for winter and summer for the city
Emission Inventory
Prevailing air quality of the city determines an

to the emission load added in the air environment due to anthropogenic sources. The baseline
emissions of air pollutants ( PMio, PM2s, SOz, and NO «) loads originating from six different sectors in
Rajkot city viz. Road Dust, Domestic, Industries, Hotels & Restaurants, transport and Construction &

Demolition are quantified.

Industries hold a major share of SO 2 and accounts for 64% of the total SO 2 emission from all the
sectors. This is followed by domestic sector (25%) due to significant coal consumption in households

of Rajkot city. Similarly, NO « is the major gaseous pollutant emitted from transport sector with has a

share of 79% in the total NO x emissions, followed by 17% share from industries. Moreover, domestic
sector holds 73% share in total CO emissions due to wood consumption in slum households. Transport

holds 24% share in the total CO emissions. Road dust resuspension in Rajkot city accounts for 45% of

the total PMio and 29% of the total PM 2s. Transport sector accounts for 3% PMao and 7% PM 2.5 share.
Construction activities share about 24% and 11% to the PM1o and PM 25 emissions, respectively. PMio

emission load with 13.4 tons per day. The highest contributors to PMuo emissions are road dust (44%),

mp o |
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Domestic sector (29%) and Construction and Demolition (23%).

PM,, PM, 5

Industry Induslry
Road dust 1% Domestic 2%
A5% 27%

Domestic
S51%

Road dust
29%

Transpol

Cor\sTruclhon
11%

Construction
Transport 24%,

3%

Soz Domestic Industry NOX DOT‘;?SNC
25% 17%

"

Industry Transport \

64% 1% Transport

79%

Pollutant wise total emission from various sectors

Gaseous pollutants viz. SO 2, NOx, and CO are emitted mainly from the industries and transport

sector is the major contributor to their emissions.

Based on current data and analysis, it has been determined that the emission inventory of city areas
in Rajkot is primarily dominated by road dust -related emissions as far as PM concentrations are
concerned. This includes vehicular exhaust and the resuspension of road dust particles which are

contributing significantly to the pollution levels in the city.
Dispersion modelling

Dispersion modelling using the CALPUFF model was conducted for Rajkot city to estimate the 24 -
hour average ground -level concentrations (GLCs) of PM ¢ ®PMFR4, SOF, and NO  during the summer
and winter seasons, based on the detailed emission inventory prepared for area, line, and point

sources.
The major findings from the study are summarized below:

1 The maximum average ground -level concentrations (pug/m3) of pollutants for 24 hours were
estimated as PM ¢ & 379, PMR4 = 149, SOF = 138, and NO = 84, indicating the highest

pollutant loading during winter at urban hotspots.

1 The hotspot locations identified through dispersion modelling include Greenland Chowkdi,
Amul Circle, Ring Road -2, and Katariya Chowkdi, all characterized by dense traffic, road

dust resuspension, and domestic combustion activities.

1 Winter concentrations were substantially higher than summer values due to unfavourable
meteorological conditions fi notably, low mixing heights, shallow boundary layers, and

stagnant winds restricting dispersion.

1 Summer concentrations were  relatively lower, supported by higher turbulence and stronger

I I ——————————————————————
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winds that enhanced dilution and atmospheric mixing.

1 Among source categories, area sources (domestic burning, construction, road dust, hotels
& restaurants) were found to be the major contributors, followed by line sources (vehicular

emissions) and point sources (industrial and crematoria).

1 Model validation results show FAC Fvalues ranging between 0.72 and 1.21, demonstrating
good agreement between modelled and observed concentrations, confirming the
robustness of CALPUFF simulations. Overall, the dispersion modelling outcomes clearly
indicate that particulate concentrations (PMg @nd PM E4) are significantly elevated in
winter, with localized hotspots around traffic intersections and densely built -up areas.
Focused control measures on road dust suppression, traffic management, and clean -fuel
adoption are essential to reduce particulate pollution and improve ambient air quality in

Rajkot city.
Receptor modelling

Source contribution estimation was carried with the aid of receptor modelling, in which USEPA
approved CMB model was used to estimate the location and season wise contribution of most

significant sources in  PMzio.

According to the CMB receptor model, the largest single contributor in both seasons is Soil and

Road Dust, making up 36.24% of pollution in winter and significantly increasing to 44.10% in summer.
Secondary Sources follow as the second largest contributor, remaining remarkably consistent at
17.50% in winter and 17.62% in summer , followed by residential , vehicular , industrial and open
burning , constructions. In both seasons, there is a moderate variation in the source's percentage

allocation to particula  te matter.

The overall contribution of various sources to ambient PMaio for the city in terms of percentage for

winter and summer are depicted in graph as follows
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SOURCE CONTRIBUTION (WINTER)

Open Burning
5.67%

Soil and Road Dust

36.24% Vehicles/ Transport

10.32%

Industrial
8.27%

Construction Material

5.39%
Secondary
17.50%
Residential
16.64%
SOURCE CONTRIBUTION (SUMMER)
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44.10% Open Burning
3.40%
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Construction Material
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Secondary Sources
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The Overall (%) Contribution to  PMuo in Rajkot City
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Abbreviations

ARAI Automative Research association of India
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CMB Chemical Mass Balance
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FPS Fine Particulate Sampler

GEMI Gujarat Environment Management Institute
GIDC Gujarat Industrial Development Corporation
GIS Geographic information system

GLC Ground Level Concentration

HSD High Speed Diesel

ICP-OES Inductively Coupled Plasma Optical Emission spectroscopy
IMD Indian Meteorological Department

LPG Liquefied petroleum gas

LTO Landing and take -off

LULC land use land cover

mg/L Milligram per litre

MoEF Ministry of Environment & Forests

MSW Municipal Solid Waste

NAAQMP National Ambient Air Quality Monitoring Program
NAAQS National Ambient Air Quality Monitoring System
NABL National Accreditation Board for Testing and Calibration Laboratories
NAMP National Air Monitoring Programme

NCAP National clean air program

NLTO Number of Landing and Take -off

OC/EC Elemental Carbon/ Organic Carbon

PM Particulate Matter

PNG Piped natural gas

QA/QC Quality Assurance /Quality check

RDS Respirable Dust Sampler

RMC Rajkot Municipal Corporation

RUDA Rajkot Urban Development Authority

SAAQMP State Ambient Air Quality Monitoring Programme
SAS Source Apportionment Study

SCE Source Contribution Estimated

SCM Standard Cubic Meters per day

SMEs Small and Medium Enterprises

SOPs Standard operating procedures

TC Total Carbon

TERI The Energy and Resources Institute

TOR Thermal Optical Reflectance

TOT Thermal Optical Transmittance

USEPA United States Environmental Protection Agency
VKT Vehicle Kilometres Travelled
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Chapter 1.  Introduction

1.1 Background of the study
Growing air pollution is of concern for many urban cities in India and other developing countries
around the world. There is considerable evidence that anthropogenic particles at concentrations
typical of urban air sheds, directly affect human health. Susp ected adverse health effects of even
low levels of air pollution have led to increased concern over how air pollution can be best
controlled. The development of effective control strategies for PMio and PM 25 air pollution
abatement in turn requires knowle dge of the relative importance of the various sources that
contribute to the particulate matter concentrations at ambient air monitoring sites. The auto fuel
policy report submitted to the Government of India by Mashelkar Committee had identified the
knowl edge gap in source apportionment.  Keeping this in view, oil companies in India in association
with premier research institutions -initiated work on source apportionment to evolve efficient and
feasible solutions to ensure a better environment in selected ci ties, which could be extended to

other parts of the country.

Under the National Clean Air Programme (NCAP), 131 cities in India have been identified as "non -
attainment” cities, meaning they have consistently exceeded National Ambient Air Quality
Standards (NAAQS) for five years. Subsequently, the Central Pollution C ontrol Board (CPCB) and
the Ministry of Environment & Forests (MoEF), Govt, of India took over the program on source

apportionment in various non  -attainment cities in the country under NCAP.

The Gouvt. of India has constituted a steering committee headed by the Secretary, MoEF, and a
technical committee headed by the Chairman, CPCB to oversee the above project. In line with

the same, Gujarat Environment Management Institute (GEMI) has been entr usted with the project
of carrying out the Source Apportionment Study (SAS) for Rajkot city by Rajkot Municipal
corporation (RMC) . The study aims at determining the source of various air pollutants at a
particular location for a specific period. The study aims to scientifically analyse ambient air and
ascertain the proportion of pollution from the possible accounted sources. The three broad aspects

of the study are

Part 16 Emission Inventory
Part 2- Dispersion Modelling

Part 3- Receptor modelling

1.1.1 Emission Inventory:
An emission inventory is a database that lists, by source, the amount of air pollutants discharged
into the atmosphere of a community during a given time period. The development of a complete
emission inventory is an important step in an air quality manage ment process. Emission inventories
are used to determine significant sources of air pollutants, establish emission trends over time,
target regulatory actions, and estimate air quality through computer dispersion modelling. An
emission inventory includes e stimation of the emission from various pollution sources in a specific

geographical area. A complete inventory typically contains all regulated pollutants.

I RERERERERERERERERERERE . ———————————
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1.1.2

1.1.3

1.2

Dispersion Modelling:

Dispersion modelling is a mathematical technique used to simulate how emissions disperse and
travel through the atmosphere . Dispersion models replicate atmospheric conditions, (which
includes wind speed and direction, air temperature and mixing height), and provide an estimate

of the concentration of pollutants as they travel away from an emission source. Dispersion models
can be used to determine whether a new source will adversely impact an area or to predict
whether the control of an individual source wi Il have a beneficial effect. Air dispersion models are
also used by public safety responders and emergency management personnel for emergency

planning of accidental chemical releases.

Receptor modelling:

There are several methods and available commercial software those can be used for apportioning

the sources if the emission profiles and measurements are available in the ambient air particulate

in terms of elemental composition. The most common software is USEPA CMB 8.2 (USEPA, 2004). This
model is able to provide contribution of each source in the particulate in ambient air. The

modelling results should be helpful in identifying major sources for pollution control. It was important

to note that along with source contribution the model could also provide the associated

uncertainties in estimated source contributions.

Objective and Scope of the  SAS

The Source Apportionment Study aims at understanding the various sources of air pollution and

their reception & dispersion in ambient air using field data of the recent period.
The major objectives of the study are as follow:

1 To profile Ground Level Concentration (GLC) of air pollutants in different parts of the city

including background, residential, commercial/mixed and industrial zone.

i To select appropriate emission factors for other non -vehicular sources viz. industries,
industrial & domestic fuel combustions, roadside dust, construction activities, generator

sets, etc.

1 To prepare inventory for different air pollutants, their emission rates & pollution loads from
various sources along with spatial and temporal distribution in the city covered under this

project.
1 To profile the source emission characteristics of different possible sources.

1 To conduct source apportionment studies for PMio and prioritize the source categories for

evolving cost -effective air pollution mitigation strategies/plans.

1 To assess the impact of sources on ambient air quality under different management/
interventions/control options and draw a roadmap of short term and long -term measures

as considered appropriate and cost effective

19
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1.2.1 Scope of study:
The ambient air monitoring will be carried out over a period covering two seasons in year to get
representative data on seasonal variations in meteorology as well as activities that have bearing

on air quality.

1 A detailed emission inventory would be carried out for line, point and area sources.
Information/data on emission inventory available through secondary sources will be collected.
Besides, primary surveys shall be carried out for identification & spatial di stribution of sources
and preparation of detailed emission inventory for zone of influence (2km x 2km area) around
each ambient air quality monitoring location. City level emission inventory, available through
secondary sources, shall be refined based on t he data generated through primary surveys

carried out within the zone of influence around each monitoring location.

1 Source apportionment analysis will be carried out for PMio using receptor model like CMB

model. For this purpose, detailed analysis of  PMzio will be carried out.

1 Dispersion modelling with CALPUFF model and intervention analysis, refined city level emission

inventory will be used.

1 On completion of data collection, validation and interpretation of the assimilated information,
a detailed road map will be drawn considering all possible measures for air quality
improvement. These measures will be classified into short and long term with due priority to low -

cost measures that give maximum benefits.

1.2.2 Approach to the Study:
The study is extensively carried out in technical and scientific manner. It is divided into three parts

as listed here and each of this part is covered in detail in upcoming chapters of the report.

The Approach adopted for carrying out the Source Apportionment study consisting of the major
three components (Emission  estimation , dispersion modelling and Receptor modelling) are

delineated below in  Figure 1
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Figure 1.1 Methodology for SAS Rajkot

1.3 Study area
1.3.1 Introduction to the City:

Rajkot is working with various international agencies to achieve its sustainability goals through
improving energy efficiency in buildings and in various public services, promoting green buildings
across the city, and maximizing the use of renewable energy . Rajkot has been shortlisted as one of

100Smartci ti es under the Government of I ndi ads Smart Cit

Rajkot is the fourth largest city in the state of Gujarat, housing a population of nearly 2 million as of

2021. It's the fourth -largest city in Gujarat and the 35th  -largest metropolitan area in India.

The development of the city has been historically driven by industrial activity. Rajkot is a major
industrial centre known for manufacturing bearing, diesel engines, cutting appliances, watch and
automotive parts, forging industries, casting industries, an d machine tools manufacturers. The city
has more than 40,000 enterprises providing direct employment to 105,959 persons (RMC, 2016).
With increasing industrial, trade and commerce activity, there has been tremendous growth in the

population and a change in lifestyles of the resident population.

There are two governing bodies within the Rajkot urban agglomeration area, the Rajkot Municipal
Corporation (RMC) and the Rajkot Urban Development Authority (RUDA). RMC administers an area
of 104.86 sg. km and RUDA governs the development and planning of t he 54 villages located in

the vicinity of the RMC jurisdiction, covering a total area of 686 sqg. km (including RMC area).

1.3.2 Geographical location:

Rajkot is located in the Western part of India at a distance of 245 km from the state capital
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133

134

1.3.5

1.3.6

Gandhinagar, at the centre of the peninsular Saurashtra region in the central plains of Gujarat
state. The city is situated at a height of 138 meters above mean sea level and is located on the

banks of the Aji River and Nyari River. Rajkot lies between lat itude 20.18 N and longitude 70.51 E.

Climate:

Raj kot falls wunder I ndiads hot and-ardlclynate With hog dry c
summers. Rajkot experiences three distinct seasons of summer, monsoon and winter. The average
maximum and minimum temperatures recorded over the last 40 yea rs are 43.5°C and 24.2 °C
respectively. The average annual rainfall is 500 mm. However, the city has received lower than

normal rainfall in 20 of the last 60 years. Summer season extends from the months of mid -March to
mid -June, with temperature ranging bet  ween 24°C and 42°C. In the months of winter lasting from
November to February, the temperature varies between 10°C and 22°C, resulting in pleasant
winters. In the summers, the temperature in the city rises from mid -February onwards and peaks in
mid -May, with the average daily maximum temperature rising to 42 °C. The average daily
temperature of the city ranges from 20  °C to 32 °C (see Figure 2). Rajkot city has hot and humid
weather conditions for about 8 months in the year. Relative humidity is significantly high during the
summer season, increasing from mid -May onwards, and continues to rise in the monsoon season
during the months of July to October, peaking in mid -September. Average relative humidity in
Rajkot is 60%. The minimum and maximum humidity of 65 to 85% is above the annual average in

the months of June, July, August and September.

Demographic information:

Rajkot is the fourth largest city in the state of Gujarat, housing a population of nearly 1.3 million as

of 2011 and is ranked 22nd in the list of fastest growing cities and urban areas from 2006 to 2020
around the globe. As per provisional reports of Cens us India, population of Rajkot in 2011 is
1,286,678; of which male and female are 674,355 and 612,323 respectively. Although Rajkot city

has population of 1,286,678; its urban / metropolitan population is 1,390,640 of which 729,762 are

males and 660,878 ar e females .

Transportation:

Extensive network of roads linking of the Rajkot city has major contribution in industrial development

of the city. Distance from Rajkot to Ahmedabad and Gandhinagar, is 210 and 240 km respectively.
National Highway, connecting Delhi to Porbandar passes through the city. Road connects Rajkot

to Ahmedabad and onwards to Delhi and Mumbai.

Rajkot is a major junction on the main broad -gauge line from Delhi/Mumbai to Somnath and Okha
via Ahmedabad. Total length of broad -gauge tracks is 560 kms with 59 railway stations. Major trains
from Okha and Veraval, to all major towns in the country, pass through Rajkot. Rajkot airport has
been operational for decades and provides direct connection to the commercial capital of India,

Mumbai. It also connects to other major state cities such as Ahmedabad, Bhuj, Jamnagar and

Vadodara. Bhuj.

Industries:

The development of the city has been historically driven by industrial activity. Rajkot is a major
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industrial Centre known for manufacturing bearing, diesel engines, cutting appliances, watch and
automotive parts, forging industries, casting industries, and machine tools manufacturers. The city

has more than 40,000 enterprises providing direct employmen t to 105,959 persons (RMC, 2016).
With increasing industrial, trade and commerce activity, there has been tremendous growth in the

population and a change in lifestyles of the resident population.

1.4 Need & Benefits of the Study
Air quality is one of the environmental elements, which has been negatively influenced by the
economic growth of the city. Deterioration of the air quality in the city can be attributed to rapid
increases in population and corresponding fuel combustion act ivities, which include transport,
industrial and domestic sectors. However, to devise policies to reduce pollutants levels in the city,
there is a need -to-know percentage share of each source towards the total pollutants
concentration. For this, itisrequ ired to carry out detailed Source Apportionment Study, and hence
the Institute has taken up the task to carry out the Source Apportionment Study of fastest growing
Rajkot city. The Study would benefit in assessing the current air pollution along with contribution
from each source and help devise a suitable air action/ management plan for combating the air

pollution of Rajkot city.
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1.5 Report Structure

The report is divided into sixchapters. The brief descriptions of the chapters are given in

Source Apportionment Study Rajkot City (202

Table 1.1: Report Structure

Chapter \ Details

Chapter 1 Introduction

This chapter presents background of the study, The objectives, scope
and approach to this study are also briefly described in this chapter.
general description of the city including geography and
demography, climate and sources of air pollution.

Chapter 2 Ambient Air
quality Status

This chapter presents the air quality status of the city on the basis of
the monitoring and chemical characterization results of various air
pollutants of all sampling locations for two seasons, i.e. winter and
summer carried out in this study. In addition  to the above information,
this chapter also enumerates methodologies adopted for the
monitoring, laboratory analyses and quality assessment and quality
control (QA/QC). This chapter also compares the results of all sites
both diurnally and seasonally.

Chapter 3 Emission
Inventory

This chapter describes the methodology of developing emission
inventory of pollutants at different grids of the city. The chapter also
presents and compares the grid -wise results of emission inventory
outputs for various pollutants. The contributions of va rious sources
towards air pollution loads (pollutant -wise) are presented. The
QA/QC approaches for emission inventory are also explained in this
chapter

Chapter 4 Dispersion
modelling

This chapter describes the methodology for carrying out air dispersion
modelling using CALPUFF software for both the seasons, ground level
concentration and identification of hotspot locations and validation

of the model

Chapter 5 Receptor
Modelling

This chapter presents the methodology used for CMB8.2 modelling

for source apportionment study for PMio and PMzsin summer and
winter seasons. The contribution of various sources at receptor sites
and overall scenario of sources that influences the air quality in city

is presented.

Chapter 6 Air Pollution
Control Options & Future
Projections

This chapter describes, explores and analyses emission of control
options and analysis for various sources based on the modelling
results from Chapters 4 and 5. This chapter also discusses some
alternatives for controlling the prominent sources in the city from
management point of view and explains the benefits to be achieved

in future.
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Chapter 2:  Ambient air quality

Introduction

Rajkot is the 35t largest metropolitan area in India, with a population of more than 1 million as of
2021. Rajkot city is an industrial hub of the Saurashtra region, tremendous population growth is
noticed due to an increase in industrial, trade, and commercial activities. Over the last few years,
the city has started to play an important role in the complex supply chains of many global
engineering companies. Thus, the rise in population and industrialization have led to vehicular growth

and consequent increased fuel consum ption. On average 59 to 60 thousand vehicles are added
year on year ( Source: RMC). The vehicles, Industrial activities, domestic fuel burning, open biomass
burning, re -suspended dust due to vehicle movement, and construction activities contributed to the

deterioration of air quality.

In the current study, a survey was carried out to assess the possible sources of pollution in Rajkot city.
Thereafter, ambient air quality monitoring for parameters PMuo, PM25, SOz, and NO x was carried out
at five representative locations in Rajkot during Winter and Summer. The PMuo was further analysed
for various chemical species such as ions, elements carbons, etc. This chapter presents and discusses

the current status of the air quality of Rajkot based on the sampling and chemical analysis results for

two seasons carried out under the present study.

Ambient Air Quality Status of city
National Air Quality Monitoring Programme (NAMP)

Under the National Air Quality Monitoring Programme (NAMP - CPCB) air quality is regularly monitored
at two locations in Rajkot i.e., Aji Industrial Area and GPCB Office, Rajkot. To assess the current status

of air quality, GEMI has acquired the Ambient Air quality monitoring data conducted under the
National Ambient Air Quality Monitoring Program (NAAQMP), by the Gujarat Pollution Control Board

(GPCB) for Rajkot city. The annual average data for a period of three years (2020-2023) are

presented in Table 2.1 as follows:

Table 2.1: Ambient air quality status of Rajkot under NAMP

Ambi ent Air Conc érmrdlecadundemNANA agAji mdustrial Area,

PMzo ‘ PMzs ‘ NOx
Max | Mean \ Min \ Max Max Mean Min Max | Mean
2020- 30 217 107 10 68 29 7 25 15 8 30 18

2021- 58 184 121 17 58 32 10 23 15 13 27 19

2022- 64 175 110 15 51 29 10 21 15 13 27 19

Ambi ent Air Conc érmrdlecadundemNANRA ag / GPCB Office, Rajkot

PMao ‘ PM2.s ‘ SOz N[@)
Min  Max Mean \ Min \ Max \ Mean \ Min Max Mean Min Max \Mean
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2021- 58 157 111 13 43 27 9 19 13 11 24 17
22
2022- 51 176 100 14 55 26 8 19 13 12 27 18
23

State Air Quality Monitoring Programme (SAMP)

Under the State Ambient Air Quality Monitoring programme (SAAQMP) the GPCB monitors the
ambient air quality at Rajkot Mahanagar Palika for Rajkot City. The annual average values for past

two years (2021-2023) are mentioned in  Table 2.2 as follows:

Table 2.2: Ambient air quality status of Rajkot under SAMP

Ambi ent Air Conc &rrdllecedundemrSANIP agRajikot Mahanagar Palika

PMio PMzs SO NOx
Min  Max Mean Min ‘Max ‘ Mean Min  Max Mean Min  Max Mean

2021-22 71 168 116 14 49 29 10 20 14 13 25 18
2022-23 54 161 103 13 44 27 8 19 14 11 25 18

Receptor Modelling inherently reflects both local and regional influences, due to the limitation of

CMB modelling, regional data could not be taken into account hence regional baseline
concentration level are referred for the two seasons under the study period so as to delineate local
contributions from NAMP and SAMP sites. The data are obtained from the Regional Office of Pollution
Control Board, Rajkot to suffice the requirement. The Monthly average of 5 sites under NAMP and /or

SAMP are mentioned below i n table 2.3 and 2.4 .

Table 2.3: Ambient air quality status  of PMio and PM 25 of Rajkot during sampling duration

Amul Industries, GPCB Office, RMC Pumping RMC West zone RMC East
Location Aji Industrial Race course Station, 105 ft. Office, 150 ft zone office,
Area Ring Road Ring Road ring road Bdnagar
Month PMo PMzs PMio  PMes | PMwo PMzs  PMio  PMas  PMio  PMas
Nov -22 105 28 95 25 100 26 - - - -
Dec-22 106 29 96 25 99 26 - - - -
Jan-23 110 30 98 26 103 28 - - - -
Feb-23 116 33 103 30 109 30 96 27 98 28
Mar -23 120 34 110 31 113 32 101 29 102 29
Apr-23 123 35 110 32 115 33 104 31 106 31
May -23 128 37 113 33 119 35 107 32 109 32
Average 115 32 104 29 108 30 102 30 104 30

Table 2.4: Ambient air quality status of SO 2 and NOx of Rajkot during sampling duration

Amul Industries, GPCB Office, RMC Pumping RMC West zone anl\gif?gzt
Location Aji Industrial Rage course Stat.ion, 105 ft. Office, 150 ft B3 n a g a
Area Ring Road Ring Road ring road Road
Month SO, NOX = SO, NOx ~ NOx SO, NOXx SO,  NOx
Nov -22 14 19 13 17 14 18 - - - -
Dec-22 15 20 13 18 14 18 - - - -
Jan-23 15 20 14 18 14 19 - - - -
Feb-23 16 21 14 19 15 20 13 17 14 18
Mar-23 16 22 15 20 15 21 14 19 14 19
Apr-23 17 22 15 21 16 21 14 19 15 20
May -23 17 23 16 21 16 22 15 20 15 20
Average 16 21 14 19 15 20 14 19 14 19

_________________________________________________________________________________________|
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This combined graphical analysis displays the average mass concentrations of PMzio, PM25, SO, and

NOx at five monitoring locations Aji Industrial Area, GPCB Office, RMC Pumping Station, RMC West
Zone Office, and RMC East Zone Office over a six  -month period from November 2022 to May 2023,
drawing data from SAMP and NAMP program stations, which als o demarcates the sampling duration
for this study. For particulate matter, = PMzio consistently exceeds PM 25 at each site, emphasizing the
dominance of coarse fraction aerosols across the region, with the Aji Industrial Area recording the
highest values, mos t likely due to increased industrial emissions.

Parallel trends are also evident in the gaseous pollutants SO 2 and NOx, where concentrations show
location -wise variations. NOXx levels are higher than SO 2, with the Aji Industrial Area and RMC Pumping
Station showing pronounced peaks in both parameters, mirroring the industrial and vehicular
emission patterns found for PMio and PM 25. Seasonal variation is visible for all parameters, as most
pollutant concentrations tend to rise from winter to late summer, indicating potential effects from
meteorology and s ource activity fluctuations during these months. The black dashed lines with red
diamond markers represent the mean values for each species at each location, succinctly
summarizing average air quality and highlighting zones with consistently higher burdens for

particulate and gaseous pollutants
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2.3 Methodology
2.3.1 Site selection for AAQM

In Rajkot, five locations representing different land use categories and source emission activities

were selected in consultation with officials of Rajkot municipal Corporation (RMC). To carry out
ambient monitoring of  Particulate Matter (PMio and PM 25), SOz, NOx etc. To capture seasonal
variation in pollutant concentrations, daily sampling was carried out at each of the selected
locations for a period of 20 -25 continuous days covering both summer and winter seasons of the

year .

The details of the monitoring location along with the site description in the study zone and possible
sources of PMio are mentioned in  Table 2.5. The geographical locations of all the five locations

are depicted in  Figure 2.1.

Table 2.5: Details of Monitoring locations under the study

Prominent Activities observed

Name of Location Coordinates Category : o )

during monitoring period
1 Aji Industrial Estate 22.276172N Industrial Industries, High Way Traffic,

Area 70.825609E Dusty Roads, DG Sets
Padmkuyarba 22 288614N Residential Cum Medium -Den_5|ty Popt_JIatlon,
2 Hospital, 70.808180E Commercial Refuse Burning, Traffic and

Gundavadi ' Restaurant, Dhaba, etc.

Multi Activity 22.2763887N | Residential Cum Heavy Traffic, Hotels and

3 Restaurants, and Small

Center, RMC 70.777415E Commercial .
Eateries.

Urban Area, Congested Street
Surrounded by Building,
Traffic/Commercial Zone,
Domestic activity, Low Traffic,
Construction activity and Small
Eateries.

22.265165N Commercial

4 | H.J. Doshi Hospital 70.796186E Cum Curb site

Ward No, 2 RMC 22.3043140N Residential cum
Office, Marutinagar 70.7832310E Background

30



Source Apportionment Study Rajkot City (202  5)
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Figure 2.1: Google Map depicting Ambient air monitoring location in Rajkot city
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Two monitoring locations each were established in residential cum commercial areas; while one each was chosen to represent curb side

and industrial areas. Along with this one background sampling location was selected. All the locations were selected on the basis of Land

Use Land Cover (LULC) pattern, population density, and meteorology of the city to represent the whole city and the area (sources)
contributing to ambient air pollution.
At each site, the samplers were placed according to the standard guidelines framed by CPCB. Also, it was ensured that all the monitoring

sites had an unrestricted flow of air (which means no buildings, trees, etc. present around the site). In addition, the predominant wind

directions for summer and winter have been depicted in the wind rose diagram as follows

WIND ROSE PLOT:
Rajkot Winter

DISPLAY:
Wind Speed

WIND ROSE PLOT:
Rajkot Summer

DISPLAY:
Wind Speed

Direction (blowing from)
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'
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Direction (blowing from)
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Calms: 1.18%
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Calms: 0.86%

Figure 2.2: Windrose diagram for the

winter season
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Figure 2.3: Windrose diagram for the summer season
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From the wind rose diagram as shown in  Figure 2.2 and 2.3, the wind trajectory of the Rajkot city
suggests that in summer season dominant wind direction over the city was blown from West -North -

West direction and from North  -East in winter season.

This section provides the monitored concentrations of PM1o and PM 25, SOz and NO x at the five
selected sites. It is to be noted that observed concentrations can be influenced by local as well
as far-off sources at the urban and regional scale. Location wise description of air quality is given

in subsequent sections.
Aji Industrial Estate Area

This site represents the industrial area, a thriving hub of industrial and commercial activity. Nestled

in the heart of Rajkot, Gujarat. The sampler is placed at the premises of Balaji wafer industry in Aji
industrial area. The latitude and longitude of th e area are 22.276172N & 70.808180E respectively.
Boasting a mix of manufacturing units, textile, Engineering and Metalworking, Plastics and
Packaging, Warehouses, Small and Medium Enterprises (SMEs), and commercial spaces. Aji
Industrial Estate has ancilla ry service providers such as maintenance, repair, transportation, and
supply chain management companies that thrive in the area. It was observed that industrial was

using different types of fuel such as Used Oil, Wood, and Coal, especially in Aji Industrial Estate

Area. Location of AAQM station at Aji Industrial Estate Area is given below.

AjlidusEsi at e

!
U
: +

Aji Nn-\ \

\ji Rivir Waterdy \
Filraian Plant Legend

X AAQM Staton @ Balaji Wafters

| 22 km Gnd from AAQM Station
Aji Front Gagden — MAa3jor ROAAS (4 26 km)
’ w— Mn0r Roads (13.68 km)

@® Landmarks 5
® G

0 00750.15 0.3 0.45 06

Keometers

oo Sard, i, EsTwine Guogwpdios,

Figure 2.4: Location of AAQM station at Aji Industrial Estate Area
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Padmkuvarba Hospital, Gundavadi

This site represents residential cum commercial area, located on the Palace Road, Near
Gundavadi Police Chowki, Jayraj Plot of the Rajkot city. The latitude and longitude of the area

are 22.288614N & 70.808180E respectively. The sampler was installed on th e terrace of
Pad amkuvarba Hospital. High volume vehicular traffic was observed at Padmkuvarba Hospital.

Other features observed were - Medium -density population, heavy traffic, Domestic cooking,
Road dust, Construction activity behind the hospitals, open b urning activities also contributed to
deterioration of air quality.  Location of AAQM station at Padamkuvarba Hospital, Gundavadi is

as shown below.
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Figure 2.5: Location of AAQM station at Pad amkuvarba Hospital, Gundavadi
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c. Multi Activity Center, RMC

This site represents Residential cum commercial site under AAQM, located on the Nana Mava
Circle, 150' Feet Ring Road of the Rajkot city. The latitude and longitude of the area are

22.2763887N & 70.777415E respectively. The sampler was placed at the Multi activity center of

Rajkot municipal corporation. In a grid of 2 x 2 km area, except for households, no industrial
activity was found. Construction activities for apartments, commercial buildings were noticed.

High volume vehicular traffic was noticed. Dif ferent types of fuel were used

and tea stall, such as LPG, PNG, Wood and Coal. Location of AAQM station at Multi Activity

Center, RMC is as shown below.
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Figure 2.6: Location of AAQM station at Multi Activity Center, RMC
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d. H.J. Doshi Hospital
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This site represents commercial cum curb area, located on the Gondal Road, Malviya Nagar, of

the Rajkot City. The latitude and longitude of the area are 22.265165N & 70.796186E respectively.

The ambient air monitoring instruments was installed on the terra

ce of H . J. Doshi. Vehicular traffic

was observed at H . J. Doshi Hospital. At this location, emissions sources observed were majorly

from the vehicl

due to vehicle movement, con

Different types of fuel using in tea

eds activities

domest i esuspended dush ur ni ng

struction activities also contributed to deterioration of air quality.

-stall, such as Wood and Coal.

Activity Center, RMC is shown below.

Location of AAQM station at Multi
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Figure 2.7: Location of AAQM station at Multi Activity Center, RMC
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Ward No.2, RMC Office, Marutinagar

This site represents as the background location. It is located in Rajkot City near Airport. The latitude
and longitude of the area are 22.3043140N & 70.7832310E respectively. The ambient air monitoring
equipment was installed on the terrace of Ward No.2, RMC Office. Low volume vehicular traffic
was noticed. At this location, the main activities observed in and around the location were low
volume vehicular traffic, domestic fuel burning, nearby Construction activities and small eateries

etc. Location of AAQM station at RMC office, Marutinagar is shown below.

Figure 2.8: Location of AAQM station at RMC office, Marutinagar
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