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Executive Summary 

Since the enactment of the Air Act 1981, air pollution control programs have focused on point 

and area source emissions, and many communities have benefited from these control programs. 

Nonetheless, most cities in the country still face continuing particulate non-attainment 

problems from aerosols of unknown origin (or those not considered for pollution control) 

despite the high level of control applied to many point sources. 

To address the air pollution issues of Firozabad city, the Uttar Pradesh Pollution Control Board 

(UPPCB), Lucknow has sponsored the study “Comprehensive Source Apportionment, 

Emission Inventory and Carrying Capacity study for Firozabad U.P.” to the Indian Institute of 

Technology Kanpur (IITK) through letter No. H62009/CL/413/SAS/CC/2021, dated 

27.05.2021. The main objectives of the study are preparation of emission inventory, air quality 

monitoring in two seasons, chemical composition of PM10 and PM2.5, apportionment of sources 

to ambient air quality and development of pollution control plan. The project has the following 

specific major objectives, amongst many others specified in detail in Chapter 1: 

• Identify and inventories emission sources (industry, traffic, power plants, local power 

generation, small scale industries, etc.) in Firozabad city. 

• Measure and chemically speciate particulate matter (PM) and other air pollutants. 

• Perform receptor modelling to establish the source-receptor linkages for PM in ambient air.  

• Identify various control options and assess their efficacies for air quality improvements and 

development of control scenarios consisting of combinations of several control options. 

• Select best control options from the developed control scenarios and recommend 

implementation of control options in a time-bound manner. 

• Assess atmospheric carrying capacity 

This study has five major components (i) air quality measurements, (ii) emission inventory, 

(iii) air quality modelling, (iv) control options and (v) action plan and atmospheric carrying 

capacity. The highlights of these components are presented below. 

Air Quality: Measurements 

A total of four air quality sites were selected and categorized based on the predominant land-

use pattern (Table 1) to cover varying land-use prevailing in the city. PM10 (particulate matter 
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of size less than and equal to 10 µm diameter), PM2.5 (particulate matter of size less than and 

equal to 2.5 µm diameter), SO2, NO2, VOCs (volatile organic compounds), OC (organic 

carbon), EC (elemental carbon), Ions, Elements, PAHs (polyaromatic hydrocarbons) and 

molecular markers were considered for sampling and measurements. The air quality sampling 

was conducted for two seasons: winter and summer. 

Table 1: Description of Sampling Sites of Firozabad 

S. 

No. 
Sampling Site 

Site 

Code 

Latitude/ 

longitude 
Land-use Type of Sources 

1. 
Jain Mandir, 

Firozabad 
JMDF 

27.16°N, 

78.40°E 
Commercial 

DG sets, vehicle, road dust, 

garbage/waste burning, 

Restaurants 

2. 

Gopinath 

College 

Rasulpur, 

Firozabad 

GCRF 
27.14°N, 

78.40°E 
Residential 

Domestic cooking, vehicle, 

road dust, garbage/MSW 

burning, Restaurants 

3. 

St. Jhon 

Industrial, 

Firozabad  

SJIF 27.17°N, 

78.37°E 

Industrial 

Industries, DG sets, vehicle, 

road dust, garbage/industrial 

waste burning, Restaurants 

4. 

Gauri Shankar 

Kotla, 

Firozabad 

GSKF 27.17°N, 

78.41°E 

Residential 

Domestic cooking, vehicle, 

road dust, garbage/MSW 

burning, Industrial 

 

Based on the air quality measurements in summer and winter months and critical analyses of 

air quality data (Chapter 2), the following inferences and insights are drawn for understanding 

the status of air quality. Season-wise, site-specific average air concentrations of PM10, PM2.5 

and their compositions have been referred to bring the important inferences to the fore. 

- Particulate pollution is the main concern in the city where PM10 levels are 1.4 – 3.6 times 

higher than the NAAQS (National Ambient Air Quality Standards) in summer – winter 

months and PM2.5 levels are 1.0 – 4.7 times higher than the NAAQS in summer – winter 

months. However, PM2.5 meets the NAAQS at most sites in summer season. 

- The chemical composition of PM10 and PM2.5 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.  
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Winter - PM10 

The overall average concentration of PM10 in winter season is 378±36 µg/m3 against the 

acceptable NAAQS level of 100 µg/m3.  Highest levels were observed at GCRF 

(residential) and lowest at GSKF (residential).  

The crustal component (Si + Al + Fe + Ca) accounts for about 22% of PM10 (slightly 

less compared to 25% in summer). This suggests soil and road dust contribution has 

reduced in PM10 in winter. The coefficient of variation (CV) is about 0.14 (of fraction of 

crustal component) which suggests the crustal sources contribute consistently to winter 

levels, though less compared to summer season.  

The other important component is the secondary particles (NO₃⁻ + SO₄⁻² + NH₄⁺), which 

account for about 16% of total PM10 and combustion related total carbon (TC = EC + 

OC) accounts for about 20%; both fractions of secondary particles and combustion related 

carbons have increased in winter and account for 36% of PM10.  

The Cl- content in PM10 in winter is not consistent and varies between 2 - 5 percent, which 

is an indicator of burning of municipal and plastic solid waste (MSW); poly vinyl chloride 

(PVC) is a major part of MSW.  The highest Cl- content is observed at GCRF at 18.15 

µg/m3 compared to overall city level of 14.7 µg/m3. The high level at GCRF signifies 

some local burning of waste either in industrial processes or as a means of disposal of 

solid waste.  

Winter - PM2.5 

The overall average concentration of PM2.5 in winter is 283±28 µg/m3 against the 

acceptable level of 60 µg/m3. The highest levels are observed at GCRF 318±70 µg/m3 

and lowest at JMDF 253±64 µg/m3. This signifies high levels of PM2.5 all over the city. 

The secondary particles (NO₃⁻ + SO₄⁻² + NH₄⁺) account for 17% of total PM2.5 and 

combustion related total carbon (TC = EC+OC) accounts for 20%; both secondary 

particles and combustion related carbon are consistent contributors to PM2.5 at about 37%. 

Highest level of TC was observed at GCRF at 61.9 µg/m3.  
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The Cl- content in PM2.5 winter is not consistent and varies between 2 – 5 percent which 

is an indicator of burning of municipal solid waste (MSW), which varies from one day to 

another.  

Summer - PM10 

The overall average concentration of PM10 in summer season was 138±21 µg/m3 against 

the acceptable level of 100 µg/m3.  

The crustal component (Si + Al + Fe + Ca) accounts for about 24 percent of total PM10 

in summer. This suggests airborne soil and road dust are the major sources of PM10 

pollution in summer. The coefficient of variation (CV) is about 0.25, which suggests the 

sources are consistent all around the city forming a layer which envelopes the city. The 

areas of SJIF and JMDF have the highest crustal fraction (around 25-27% of total PM10). 

It is difficult to pinpoint the crustal sources as these are widespread and present all around 

in Firozabad and are more prominent in summer when soil and dust are dry and high-

speed winds make the particles airborne. It was observed that in summer the atmosphere 

looks light brownish which can be attributed to the presence of large amounts of soil dust 

particles in the atmosphere.  

The second significant component is the secondary particles (NO₃⁻ + SO₄⁻² + NH₄⁺), 

which account for 10 percent of total PM10 and combustion related total carbon (EC+OC) 

accounts for about 16 percent.  The secondary particles are formed in the atmosphere 

because of reaction of precursor gases (SO2, NOx and NH3) to form NO₃⁻, SO₄⁻², and 

NH₄⁺. The combustion related contribution is relatively less in PM10 in summer.  

The Cl- content in PM10 in summer is inconsistent at 4-8 percent, which is an indicator of 

burning of municipal solid waste (MSW) and has a higher contribution in summer than 

winter. 

Summer - PM2.5 

The overall average concentration of PM2.5 in summer season is 61±4 µg/m3 generally 

within the acceptable level of 60 µg/m3.  
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The crustal component (Si + Al + Fe + Ca) accounts for about 15% of total PM2.5. This 

suggests airborne soil and road dust is a significant source of PM2.5 pollution in summer. 

The CV is about 0.03, which suggests the source is consistent all around the city.  

The second important component is combustion related total carbon (EC+OC), which 

account for 25% of total PM2.5 and secondary particles (NO₃⁻ + SO₄⁻² + NH₄⁺) accounts 

for 13%; both fractions of secondary particles and combustion related carbons account 

for a larger fraction in PM2.5 than in PM10. All three potential sources, crustal component, 

secondary particles and combustion contribute consistently to PM2.5 in summer.  

The Cl- content in PM2.5 in summer is inconsistent at 6-8 percent which is an indicator of 

burning of municipal solid waste (MSW) and has a similar contribution to PM2.5 and 

PM10.  This is relatively lower in summer than in winter. 

Potassium levels  

In general potassium levels are moderate but consistent in PM10 both in summer and 

winter (1.02 to 3.63 µg/m3) and also in PM2.5 (1.66 to 2.59 µg/m3). In general potassium 

level in urban areas is less than 1.0 µg/m3. Potassium is an indicator of biomass burning 

and high levels and variability (CV ~ 0.30) show significant biomass burning in summer 

and winter.  

NO2 levels 

NO2 levels in winter are higher than those in summer at all sites and the levels meet the 

national air quality standard of 80 µg/m3. The highest NO2 levels were at JMDF (56.86 

µg/m3), a commercial site. In addition, high levels of NO2 are expected to undergo 

chemical transformation to form fine secondary particles in the form of nitrates, adding 

to high levels of existing PM10 and PM2.5. SO2 levels in the city were well within the air 

quality standard. 

General inferences 

Levels of PM2.5 and NO2 are statistically higher (at all locations) in winter months than 

in summer months by about 42-60%. In general air pollution levels in ambient air (barring 

traffic intersections, which has even higher pollution) are uniform across the city 
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suggesting entire city is stressed under high pollution; in a relative sense, GCRF is most 

polluted followed by SJIF and JMDF.  

It is to be noted that OC3/TC ratio is above 0.20 and highest among ratio of fraction of 

OC to TC.  It suggests a significant component of secondary organic aerosol is formed in 

atmosphere due to condensation and nucleation of volatile to semi volatile organic 

compounds, which suggests emissions within and outside of Firozabad. 

Total PAH levels (17 compounds; particulate phase) in winter is very high at 87 ng/m3; 

However, PAH levels in summer drop significantly to 33 ng/m3.  The highest PAH levels 

observed at GCRF in winter (99 ng/m3) and in summer (39 ng/m3). 

The concentrations of molecular markers in PM2.5 (total of 6 compounds) are also higher 

in winter (233 ng/m3) than in summer (71 ng/m3) indicating presence of common sources 

of emissions from coal, gasoline and domestic fuel.  

The total BTX levels are higher in winter (7.4 µg/m3) than in summer (5.12 µg/m3). 

Although the emission rate is expected to be high in summer due to higher temperature, 

the concentration is low due to better dispersion and large ventilation coefficient. The 

benzene did not exceed the annual national standard (5 µg/m3).  

In a broad sense, air is more toxic in winter than in summer as it contains much larger 

contribution of combustion products in winter than in summer months. 

In a broad sense, fractions of secondary particles of both PM10 and PM2.5 in two seasons were 

consistent and needed to be controlled for better air quality in Firozabad. Combustion sources, 

vehicles, coal, biomass burning and MSW burning are other consistent sources in winter and 

require a strategy to control these sources. In summer, air quality cannot be improved unless 

we find effective control solutions for soil and road dust, fly ash re-suspension. Possible 

effective combination of control options is discussed in Chapter 6. 

Emission Inventory 

The overall baseline emission inventory for the entire Firozabad is presented in Table 2. The 

pollutant-wise contribution is shown in Figure 1 to Figure 5. The spatial distribution of 

pollutant emissions from all sources is illustrated in Figure 6 to Figure 10.  

 

8140



ix 

Table 2: Firozabad city-level inventory (kg/d) 

Sources PM10 PM2.5 SO2 NOx CO 

Brick Kilns 164 115 213 64 408 

Domestic 743 561 144 425 3157 

MSW Burning 75 51 5 28 396 

Hotels, Restaurants, GHs and BHs 186 97 123 68 326 

Construction and Demolition 35 8    

Industrial DG Sets 0.2 0.1 0.1 2.2 0.5 

Hospitals 0.04 0.03 0.03 0.53 0.11 

Industries 137 137 1063 2545 1527 

Vehicle 612 551 1 4582 5755 

Road Dust 12735 2907    

Total 14687 4427 1549 7717 11569 

 

The total PM10 emission load in the city is estimated to be 14687 kg/d. The top three 

contributors to PM10 emissions are Road Dust (87%), Domestic (5%), and Vehicles (4%); these 

are based on annual emissions. Seasonal and daily emissions could be highly variable. The 

estimated emission suggests that there are many important sources and a composite emission 

abatement including most of the sources was required to obtain the desired air quality. 

PM2.5 emission load in the city is estimated to be 4427 kg/d. The top three contributors to PM2.5 

emissions are Road Dust (66%), Domestic (13%) and Vehicles (12%); these are based on 

annual emissions. Seasonal and daily emissions could be highly variable.  

SO2 emission load in the city is estimated to be 1549 kg/d. Industries (69%), and Brick Kiln 

(14%) are the main sources of SO2 contribution.   

NOx emissions load in the city is estimated to be 7717 kg/d. The major contributors to NOx 

emissions vehicle (59%), Industries (33%), and Domestic (6%). 

The estimated CO emission is about 11569 kg/day. The major contributors to CO emissions 

are Vehicles (50%), Domestic (27%), Industries (13%), and Brick Kilns (4%). 

8141



x 

 

 Figure 1: PM10 Emission load contribution of different sources  

 

Figure 2: PM2.5 Emission load contribution of different sources  
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Figure 3: SO2 Emission load contribution of different sources  

 

Figure 4: NOx Emission load contribution of different sources  
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Figure 5: CO Emission load contribution of different sources  

 

Figure 6: Spatial distribution of PM10 emissions in Firozabad 
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Figure 7: Spatial distribution of PM2.5 emissions in Firozabad 

 

Figure 8: Spatial distribution of SO2 emissions in Firozabad 

 

Figure 9: Spatial distribution of NOx emissions in Firozabad 
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Figure 10: Spatial distribution of CO emissions in Firozabad 

Air Quality Modelling 

Receptor Modelling 

Based on the CMB (chemical mass balance; USEPA 8.2 version) modelling results (Figure 

11 - Figure 13) and their critical analyses, the following inferences and insights are drawn to 

establish quantified source-receptor impacts and to pave the path for the preparation of action 

plan. The important inferences are: 

The sources of PM10 and PM2.5 contributing to ambient air quality are different in 

summer and winter.  

- The winter sources (% contribution given in parenthesis for PM10 – PM2.5 to the 

ambient air levels) include soil & road dust (30 – 26 %), SIA particles (15 – 15.2%), 

biomass burning (18 – 21%), vehicles (18.5 – 21%) and MSW burning (7.2 – 6.8%).  

It is noteworthy, in winter; major sources for PM10 and PM2.5 are generally the same.  

- The summer sources (% contribution given in parenthesis for PM10 – PM2.5 to the 

ambient air level) include soil & road dust (36 – 27%), biomass burning (12 – 18%), 

vehicles (17 – 20%), MSW burning (12.1 – 14.7%), coal & flyash (9 – 7%) and SIA 

particles (7.8 – 9.5%). It is noteworthy, in summer also, the major sources for PM10 

and PM2.5 are generally the same.  

The consistent presence of SIA, biomass burning and vehicles in PM10 and PM2.5 across 

all sites and in two seasons, suggests these particles encompass entire Firozabad region 

as a layer.  
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Like the above point, in winter, consistent presence of soil & road dust encompasses 

entire Firozabad region as a layer.  

Soil & road dust in summer contribute 36 – 27% and the coal & flyash contribute 9 – 

7% to PM10 – PM2.5. It is observed that in summer the atmosphere looks whitish to 

grayish, indicating presence of large amounts of dust; re-suspension of dust appears to 

be the cause of large contribution of these sources. This hypothesis can be argued from 

the fact that the contribution of flyash and road dust reduces both in PM10 and PM2.5 in 

winter when winds are low and prevalent atmospheric conditions are calm.  

The contribution of the biomass burning in winter is quite high at 18% (for PM10) 21% 

(for PM2.5). The presence of sizeable biomass is consistent in PM both winter and 

summer indicates to local sources present in Firozabad and nearby areas. There is an 

immediate need to control or find alternatives to eliminate biomass emissions to 

observe any significant improvement in air quality in Firozabad. 
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Figure 11: Overall results of CMB modelling for PM10 

 

 

Figure 12: Overall results of CMB modelling for PM2.5  
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Figure 13: City level source contribution to ambient air PM10 and PM2.5 levels 

 

Dispersion Modelling 
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Table 3: Rank sources in different regions based on their contribution to PM2.5 

Rank 1 2 3 4 5 6 7 8 9 10 

Sources Road dust  
Brick 

Kiln 
Vehicle  Domestic  Hotel  MSW burning  Construction  Industry  Hospital  

DG 

sets  

 

Overall, the top contributors to PM2.5 were road dust (59 %), brick kiln (15%), vehicles (11 %), 

domestic sources (9 %), and hotels (4 %), shown in Figure 14 at the hotspot. 

 

Figure 14: PM2.5 Percentage contribution of source-wise at the hotspot 
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options are summarized below in Table 4. 
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Table 4: Control Options and Action Plan for City of Firozabad 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Hotels/ 

Restaurants/ 

Banquet Halls 

All Restaurants small or large should not use coal and 

shift to gas-based or electric (for sitting capacity of 

more than 15 persons) appliances. 

Municipal corporation Firozabad (MCF) 1 year 

Link Commercial license to clean fuel 

Municipal corporation Firozabad, Department 

of Food, Civil Supplies and Consumer Affairs 

and Oil Companies (Indian Oil/HP, etc.)  

1 year 

Ash/residue from the tandoor and other activities 

should not be disposed of near the roadside. Requires 

ward-level surveillance.  

Municipal corporation Firozabad 1 year 

Domestic Sector 

LPG to all. Some of the populations are still using 

wood, biomass and dung cake as cooking fuel, 

especially in surrounding areas of city. 

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.) 

1 year 

No new building complex or society be allowed 

without a PNG supply distribution network 

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.) 

2 years 

By 2035, the city may plan to shift to electric cooking 

(common in western countries) or PNG at the 

minimum, that is completing shifting from LPG 

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.)  

5 - 7 years 

Strengthening of grid power supply, uninterrupted 

power supply to the residential areas. 
State Energy Department, UPEBL 2 years 
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xx 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Renewable energy should be used to cater to the need 

of residential houses requirements in the absence of 

power failure to stop the use of DG Set. 

State Energy Department, UPEBL 2 years 

Municipal Solid 

Waste (MSW) 

Burning 

Any type of garbage burning should be strictly stopped. 

Current waste collection and surveillance are poor. 
Municipal corporation Firozabad 

Immediate 

Surveillance is required that hazardous waste goes to 

TSDF. 
Municipal corporation Firozabad, UPPCB 

Desilting and cleaning of municipal drains Municipal corporation Firozabad 

Waste including discarded packaging material burning 

in Industrial areas should be stopped. 

The U.P. State Industrial Development 

Corporation Limited (UPSIDC), UPPCB 

Daily, Monthly mass balance of MSW generation and 

disposal and keep the record 
Municipal corporation Firozabad  

Sensitize people and media through workshops and 

literature distribution so as not to burn the waste. 

Municipal corporation Firozabad, UPPCB, 

and NGO 

Construction 

and Demolition 

Wet suppression of open areas and material  MCF, Urban Development Department, PWD 
Immediate  Wind speed reduction (for large construction sites)  MCF, Urban Development Department, PWD 

Enforcement of C&D Waste Management Rules. The 

waste should be sent to a construction and demolition 

processing facility 

MCF, Urban Development Department, PWD 

Immediate Proper handling and storage of raw material: covered 

the storage and provide the windbreakers. 
MCF, Urban Development Department, PWD 

Vehicle cleaning and specific fixed wheel washing on 

leaving the site and damping down of haul routes. 
MCF, Urban Development Department, PWD 
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xxi 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

The actual construction area should be covered by a 

fine screen or vertical tin covers up to 6.0 m. 
MCF, Urban Development Department, PWD 

No storage (no matter how small) of construction 

material near the roadside (up to 10 m from the edge of 

the road)  

MCF, Urban Development Department, PWD 

Builders should leave 25% area for green belt in 

residential colonies to be made 

mandatory. Haul roads inside large construction area be 

brick roads. 

MCF, Urban Development Department, PWD 

Sensitize construction workers and contract agencies 

through workshops. 

MCF, Urban Development Department, 

PWD, UPPCB, and NGO 

Road Dust 

The average silt load in Firozabad roads varies upto 8 

g/m2. The silt load on each road should be reduced to 

under 2 gm/m2. Regular vacuum sweeping should be 

done on the road having a silt load above 2 gm/m2. 

MCF, National Highway Authority, PWD, 

UPPCB (for silt load compliance) 

Immediate 

Convert unpaved roads to paved roads. Maintain 

pothole-free roads.  Remove encroachment from the 

paved shoulders 

MCF, National Highway Authority, PWD, 

UPPCB to carry out surveillance 

Implementation of truck loading guidelines; use 

appropriate enclosures for haul trucks and gravel 

paving for all haul routes. 

MCF, National Highway Authority, PWD 

Increase green cover and plantation. Undertake the 

green of open areas, community places, schools, and 

housing societies. 

MCF, National Highway Authority, State 

Forest Department, PWD 
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xxii 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

vacuum-assisted sweeping is carried out four times a 

month on major roads with road washing.  
MCF, National Highway Authority, PWD 

Vehicles 

Diesel vehicles entering the city should be equipped 

with DPF which will bring a reduction of 40% in 

emissions (This option can be implemented with 

vehicles of the BS-IV category as well) 

State Transportation Department 5 years 

Industries must be encouraged to use BS-VI or BS-IV 

(with DPF) vehicles for the transportation of raw and 

finished products  

Industrial Associations and State transport 

Department 
Immediate 

Restriction on plying and phasing out of 10 years old 

commercial diesel-driven vehicles  
Transport Department 2 years 

Restriction on the bike-operated commercial rickshas in 

the city and encourage to use CNG/electric vehicles for 

commercial activities. 

  

Introduction of cleaner fuels (CNG/ LPG) for all 

vehicles (other than 2-W). All new 2-W may be 

mandated to be electric vehicles. 

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.) 

2 years 

Check to overload: Expedited installation of weigh-in-

motion bridges and machines at all entry points into 

Firozabad. 

Transport Department, Traffic Police, 

Firozabad, NHAI, Toll agencies 
Six-months 

Electric/Hybrid Vehicles should be encouraged; New 

residential and commercial buildings to have charging 

facilities. All new city and school buses should be 

electric. 

Transport Department, RTOs Firozabad  1 year 
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xxiii 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

All intra and inter bus stops and their parking should be 

rationalized to ensure more efficient utilization. The 

depots should include well-equipped maintenance 

workshops and adequate charging stations.  

Transport Department, RTOs Firozabad  1year 

Enforcement of bus lanes and keep lanes free from 

obstruction and encroachment. 
MCF, RTOs Firozabad  1 year 

Route rationalization: Improvement of availability by 

rationalizing routes and fleet enhancement with 

requisite modification. 

RTOs Firozabad, Traffic Police, Firozabad  1 year 

IT systems in buses, bus stops, control centers, and 

passenger information systems for the reliability of bus 

services and monitoring. 

RTOs Firozabad, Traffic Police, Firozabad  1 year 

Movement of materials (raw and product) within the 

city should be allowed between 10 PM to 5 AM. 

Transport Department, Firozabad, RTOs 

Firozabad, Traffic Police, Firozabad  
1 year 

All the diesel-based city public transport should be 

phased out completely in next three to five years, and 

city transport should be operated only through e-

vehicle or on CNG. All new public transport should be 

CNG or electric buses. Diesel buses below BS-IV must 

be restricted in the city. 

Transport Department, Firozabad, RTOs 

Firozabad, Traffic Police, Firozabad 
3 – 5 years 

Incentivise and aggressively implement e-mobility 

including required charging infrastructure. Strategic 

plan for EV charging infrastructure at each 3 km in 

urban areas, 25 km on highways (both sides) and 100 

km for buses and trucks and swappable battery stations. 

Transport Department, Firozabad, RTOs 

Firozabad, Traffic Police, Firozabad 
2 years 

8155



xxiv 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Adequate vehicle scrappage infrastructure should be 

developed in the next three years. Extended Producer 

Responsibility (EPR) may be considered for vehicle 

manufacturers, who will have to build required vehicle 

scrap plants. 

Truck movement in industrial areas is the major 

sources of pollution. One should consider only BS-4 

and BS-6 trucks are allowed for transporting products 

and raw materials.  

Transport Department, Firozabad, HMDA, 

RTOs Firozabad, Traffic Police, Firozabad 
2 years 

Public transport to be strengthened with adequate 

number of buses, route plan based on commute surveys 

and Mobile App based ticketing and seating system is 

developed in all major cities 

Transport Department, Firozabad, RTOs 

Firozabad, Traffic Police, Firozabad 
2 – 5 years 

Industries and 

DG Sets 

Ensuring emission standards in industries. Shifting of 

polluting industries.  
UPPCB, Industries Department 

1 year 
Strict action to stop unscientific disposal of hazardous 

waste in the surrounding area 
MCF and UPPCB  

There should be separate Treatment, Storage, and 

Disposal Facilities (TSDFs) for hazardous waste. 

Industrial Associations, Industries 

Department, UPPCB 
2 years 

Industrial waste burning should be stopped 

immediately 
Industrial Associations, UPPCB Immediate 

Following best practices to minimize fugitive emissions 

within the industry premises, all leakages within the 

industry should be controlled 

Industrial Associations, UPPCB Immediate 
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xxv 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Area and road in front of the industry should be the 

responsibility of the industry 
Industrial Associations, UPPCB 

Category A Industries     

About 153 industrial units with boilers and furnaces in 

Firozabad are running by using LPG and natural gases. 

However, some industries might use Coal, Briquettes, 

Rise Husk, Wood, HSD, Furnace Oil, Waste, Firewood 

and other dirty solid fuels which must be shifted to 

natural gas and electricity. A regular surveillance 

should be done frequently to identify illegal operations.  

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.), Industrial Associations, UPPCB 

2 years 

Multi-cyclones should be replaced by baghouses. 

Ensure installation and operation of air pollution 

control devices in industries. 

Industrial Associations, UPPCB 2 years 

Diesel Generator Sets    

Strengthening of grid power supply, uninterrupted 

power supply to the industries. 
State Energy Department, UPEBL 2 years 

Renewable energy should be used to cater to the need 

of office requirements in the absence of power failure 

to stop the use of DG Set. 

Industrial Associations 2 years 

Efficient recovery system for solvents in chemical 

industries: The technologies suggest 95% recovery of 

VOCs is feasible and same may be adopted 

Industrial Associations, UPPCB 1 year 
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xxvi 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Decongestion of 

Roads in high 

traffic areas 

Strict action on roadside encroachment. Disciplined 

movement of tempos to stop only at designated spots. 

Action on driving in the wrong lane. 

MCF, RTOs Firozabad, Traffic Police, 

Firozabad  

1 year  

Disciplined Public transport (designate one lane stop). RTOs Firozabad, Traffic Police, Firozabad  

Removal of the free parking zone. No parking within 

50 m of any major crossing and or chaurahas, rotaries. 

Strictly follow Indian Road Congress guidelines.  

MCF, RTOs Firozabad, Traffic Police, 

Firozabad  

Examine the existing framework for removing broken 

vehicles from roads and create a system for speedy 

removal and ensure minimal disruption to traffic. 

RTOs Firozabad, NHAI, Traffic Police, 

Firozabad  

Synchronize traffic movements or introduce intelligent 

traffic systems for lane-driving. 

RTOs Firozabad, NHAI, Traffic Police, 

Firozabad  

Mechanized multi-story parking at bus stands, and big 

commercial areas. Remove at least 50 percent of on-

street parking in the city. 

RTOs Firozabad, MCF, NHAI, Traffic 

Police, Firozabad  

Identify traffic bottleneck intersections and develop a 

smooth traffic plan. For example, Karku Kothi Tiraha, 

Jain Temple Tiraha, Shanti Road Chauraha  and New 

Bypass Chauraha are the main bottlenecks for traffic. 

RTOs Firozabad, MCF, Traffic Police, 

Firozabad  

Parking policy in congested areas (high parking cost, at 

city centers, only parking is limited for physically 

challenged people, etc). 

RTOs Firozabad, MCF, NHAI, Traffic 

Police, Firozabad  

 The important points of congestion are Jain Temple 

Tiraha and New Bypass Chauraha. Parking on these 
RTOs Firozabad, Traffic Police 2 years 

8158



xxvii 

 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Roads, should be strictly prohibited. 

*The above steps should not only be implemented in Firozabad Municipal corporation Firozabad rather these should be extended up to 20 km 

from the city boundary.  
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1 

1 Introduction 

1.1 Background of Study 

Air pollution has become a significant challenge, especially in urban areas. This issue is 

compounded by the diverse and complex mix of air pollution sources, including industries, 

automobiles, generator sets, domestic fuel burning, roadside dust, and construction activities. 

Firozabad is the largest glass manufacturing centre in India. The city's increasing population, 

along with rapid growth in vehicles, construction, and energy consumption, has led to serious 

environmental concerns. 

Traditional approaches to addressing the impact of pollution sources have primarily relied on 

dispersion or source models. These models use emission inventory data (collected at the 

source) combined with meteorological data to estimate the impact at the receptor. In contrast, 

receptor models, particularly for particulate matter, determine source impacts based on ambient 

particulate morphology, chemistry, and variability information collected at the receptor. The 

growing interest in receptor models stems from the limitations of dispersion models, which 

struggle to assess short-term source impacts or identify all contributing sources (USEPA, 

1991). These limitations arise mainly from the challenges in developing accurate 24-hour 

particulate emission inventories and meteorological databases. While traditional dispersion 

modelling remains an essential tool in air-shed management, recent advancements in receptor-

oriented techniques are providing valuable additional methods 

Since the enactment of the Air Act of 1981, air pollution control programs have focused on 

point and area source emissions, and many communities have benefited from these control 

programs. Nonetheless, most cities in the country still face continuing particulate non-

attainment problems from aerosols of unknown origin (or those not considered for pollution 

control) despite the high level of control applied to many point sources. It is in the latter case 

that an improved understanding of source-receptor linkages is especially needed if cost-

effective emission reductions are to be achieved. Determining the sources of airborne 

particulate matter is a challenging problem due to the complexity of the urban source mix. The 

problem is often compounded by the predominance of non-ducted and widely distributed area 

(fugitive) sources and the lack of understanding of the sources of secondary aerosol, their 

formation and transport. The advent of receptor modelling and recent developments in the areas 
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of trace element analysis now permit a much more detailed analysis of ambient aerosol 

samples. By providing detailed information on the sources of the total, fine and inhalable 

particles, receptor models can play a major role in developing strategies for controlling airborne 

particulate matter. 

Receptor modelling has proven to be a promising tool for source identification and 

apportionment in complex urban environments. This is particularly relevant given the 

numerous unorganised activities that release particulates into the atmosphere, a common 

situation in urban areas. Effective application of receptor modelling requires identifying 

sources (both large and small), generating emission profiles in terms of fingerprints and 

elemental composition, and determining the chemical characterisation of collected particulate 

matter on filter paper. Indeed, receptor and dispersion modelling can complement each other, 

providing better interpretations and decision-making capabilities when applied together. 

To address the air pollution issues of City of Firozabad, the Uttar Pradesh Pollution Control 

Board (UPPCB), Lucknow has sponsored the study “Comprehensive Source Apportionment, 

Emission Inventory and Carrying capacity study for Firozabad, U.P.” to the Indian Institute of 

Technology Kanpur (Letter No. H62009/CL/413/SAS/CC/2021 dated 27.05.2021). The main 

objectives of the study are the preparation of an emission inventory, air quality monitoring in 

two seasons, the chemical composition of PM10 and PM2.5, the apportionment of sources to 

ambient air quality and carrying capacity.    

1.2 General Description of City  

1.2.1 Geography and Demography 

Firozabad (approximately 27.15° N latitude and 78.41° E longitude) is a city located in the 

state of Uttar Pradesh in India. It is known as the "City of Glass" due to its prominent glass 

industry. Firozabad is situated in the northern region of India. It lies on the banks of the Yamuna 

River, which adds to its scenic beauty. The city has a relatively flat terrain with fertile 

agricultural land surrounding it. Firozabad has a mix of urban and rural areas, with a growing 

population due to migration from nearby towns and villages in search of employment 

opportunities. Most of the population in Firozabad is engaged in the glass industry, which is 

the primary economic activity of the city. As of the 2011 India census, Firozabad City had a 

population of 2,498,156.  
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The total area of Firozabad city is approximately 35.49 square kilometres. This includes both 

urban and rural areas within the city limits. Firozabad is a vibrant city with a mix of residential, 

industrial, and agricultural areas contributing to its overall area. 

1.2.2 Climate 

Firozabad city experiences a subtropical climate with hot summers and cool winters. The 

summer months, from April to June, are typically hot with temperatures ranging from 30°C to 

45°C (86°F to 113°F). Monsoon season begins in July and lasts through September, bringing 

moderate to heavy rainfall. The average annual rainfall in Firozabad city is approximately 600-

700 millimetres. The winter months, from November to February, are cool and pleasant with 

temperatures ranging from 8°C to 25°C (46°F to 77°F). Foggy conditions are common during 

the winter months, especially in the early mornings and nights. On average, the wind speed 

ranges from 5 to 15 km/h; these values fluctuate due to seasonal changes and weather patterns. 

1.2.3 Emission Source Activities  

The source activities for air pollution in the city of Firozabad can be broadly classified as: 

transport sector (motor vehicles and railways), commercial activities, industrial activities, 

domestic activities, institutional & official activities and fugitive non-point sources. For the 

transportation of men, public transport (buses), tempos, and taxis fulfil the transportation 

requirement for the city. The combustion of fuels like coal, liquefied petroleum gas (LPG), and 

wood falls under the category of domestic activities. As far as industrial activities are 

concerned, many small and medium-scale industries are also responsible for air pollution. In 

most institutions and offices, diesel generators are used during power failures.  

1.3 Objectives and Scope of Work 

Objectively, the project aims to achieve the following: 

• Development of GIS-based gridded (0.5 km × 0.5 km resolution) emission inventory 

for air pollutants PM10, PM2.5, SO2, NO2, and CO. 

• Compilation of emission factors for all sources, parking lot surveys through 

questionnaires for vehicle technology, model, and engine capacity.  
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• Monitoring of air pollutants PM10, PM2.5, SO2, NO2, and VOCs. Analyse collected 

PM10 and PM2.5 mass for elemental composition, ions, elemental carbon, organic 

carbon, PAHs (Benzo[a]pyrene, Fluorene, Acenaphthene, Phenanthrene, Anthracene, 

Fluoranthene, Pyrene, Chrysene, Benzo(b)f, Benzo(k)f, Dibenz(a,h)a, Inp, and Bghi)) 

and molecular markers.  

• Reconstruction of PM based on chemical species (of PM) and assessment for primary 

and secondary sources of air pollutants. 

• Application of receptor model to establish source-receptor linkages of PM10, and PM2.5 

using state-of-the-art modelling to arrive at source apportionments at sampling sites. 

• Identification of various control options (e.g. adoption of EURO IV/VI, diesel filter, 

industrial controls, etc) and assessment of their efficacies for control options for air 

quality improvements and development of control scenarios (in a techno-economic 

perspective) consisting of combinations of several control options. 

• Development of a time-bound action plan based on the most effective control options 

and recommendations for strengthening the capacity of board personnel.  

• Atmospheric carrying capacity 

1.4 Approach to the Study 

The approach to the study is based on the attainment of its objectives within the scope of work. 

The summary of the approach is presented in Figure 1.1. The overall approach to the study is 

broadly described below. 
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Figure 1.1: Approach to the Study and Major Tasks 

1.4.1 Selection of sampling sites: Representation of Urban Land-use  

It was considered appropriate that four sites in a city like Firozabad could represent typical 

land-use patterns. It is essential to ensure that there is a free flow of air at all sites, without any 

obstructions (e.g., buildings, trees). In view of the safety of the stations, public buildings could 

be better choices like sampling sites. Sites were finalized in consultation with officials at the 

UPPCB, Lucknow. 

ArcGIS: Map digitization and formation of thematic layers of maps 
including 2 km  2 km gridded map (e.g., population, road map)

Collection of source information activity data (e.g., population, 
fuel uses, vehicle count etc.) and categorization of sources and 
development of GIS- based emission inventory for all pollutants 

for the base year (e.g., 2018)

Performance of time series analysis of air quality data for all pollutants 
to provide information in terms of trends from the past 10 years data

Efficacy of possible control options: Air quality simulation by coupled 
AERMOD model for the base and the future (10th year) and 

Formulation of control scenarios by combinations of control options

Efficacy of possible control scenarios: Air quality simulation 
by AERMOD model and selection of Best Control Scenario

for the future (5th year and 10th year)

ArcGIS: Generation of ambient concentration profile maps for the base and 
future years with recommendation of the control policies 

Air Quality simulation and reconstruction of sources of pollutants: 
Performance evaluation of AERMOD model and assessment of source 

contributions to each pollutant on a 24 hr basis of the base year

Receptor modeling: Source apportionment analysis of monitored PM 
species with CMB8.2 model for the base year for the reported 

ambient air sources profile data and reconstruction PM species

Base map

Meteorology

Topography

Meteorology

Topography

Meteorology

Topography

Area sources

Line sources

Point sources

Emission Factors 

Chemical 
speciation

Source 
profiles
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1.4.2 Identification and Grouping of Sources for Emission Inventory 

An on-the-field exercise was taken up to physically identify all small and large sources around 

the sampling sites. This exercise included the presence of emission sources like refuse and 

biomass burning, road dust, and coal/coke burnt by street vendors/small restaurants, to large 

units like power generation units and various vehicle types. It was necessary to group some of 

the similar sources to keep the inventory exercise manageable. It is essential to recognise that 

particulate emission sources vary from one season to another. Finally, the data collected was 

developed into an emission inventory for the following pollutants: SO2, NOx, CO, PM10 and 

PM2.5 on a GIS platform.   

1.4.3 Emission Source Profiles  

Since source profiles for PM2.5, specifically for Indian or Firozabad, are not available except 

for vehicular sources (ARAI, 2009), the source profiles for this study were taken from 

‘SPECIATE version 3.2’ of USEPA (2006) and updated version 5.1 of SPECIATE (USEPA, 

2020). For vehicular sources, profiles were taken from ARAI (2009). ‘SPECIATE’ is a 

repository of Total Organic Compound (TOC) and PM speciated profiles for a variety of 

sources for use in source apportionment studies (USEPA, 2006, 2020); care has been exercised 

in adopting the profiles for their applicability in the local environment of Firozabad city. For 

the sake of uniformity, source profiles for non-vehicular sources for PM10 and PM2.5 were 

adopted from USEPA (2006, 2020).  

1.4.4 Application of Receptor Modelling 

There are several methods and commercial software available that 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 should be able to provide the contribution of each source to the 

particulate matter in the 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.   
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1.4.5 Application of Dispersion Modelling 

In addition to receptor modelling, dispersion modelling in the study area was undertaken. The 

hourly meteorological data were generated through WRF “Version 3.6” model (NCAR, 2012). 

The emission quantities coupled with predominant meteorological data of the city were used 

in dispersion model in estimating the concentration of various pollutants and examining the 

contribution of each of the sources. AERMOD View “Version 11.0.” model (USEPA, 2015) 

was used for dispersion modelling.  

1.5 Report-Structure  

The report is divided into 6 chapters. The brief descriptions of the chapters are given below. 

Chapter 1 

This chapter presents the background of the study, a general description of the city including 

geography and demography, climate and sources of air pollution. The objectives, scope and 

approach to this study are also briefly described in this chapter. 

Chapter 2 

This chapter presents the air quality status of the city based on the monitoring and chemical 

characterization results of various air pollutants at 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 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 

This chapter describes the methodology of developing an 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 various sources towards 

air pollution loads (pollutant-wise) are presented. The QA/QC approaches for emission 

inventory are also explained in this chapter. 

Chapter 4 
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This chapter presents the methodology used for CMB8.2 modelling for the source 

apportionment study for PM10 and PM2.5 in summer and winter seasons. The contributions of 

various sources at receptor sites and the overall scenario of sources that influence the air quality 

in the city are presented. 

Chapter 5 

The state-of-the-science, comprehensive meteorological and regulatory air dispersion 

modelling systems have been used in the study to conduct the dispersion modelling. The 

American Meteorological Society / Environmental Protection Agency Regulatory Model 

(AERMOD) has been used to assess the impact of short-range transport (< 50 km) of PM2.5 

emissions from various sources within Firozabad city, Uttar Pradesh 

Chapter 6 

This chapter describes, explores, and analyses emission control options and analyses for 

various sources based on the modelling results from Chapter 4 and 5. This chapter also 

discusses some alternatives for controlling the prominent sources in the city from a 

management perspective and explains the benefits that can be achieved in the future. 
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2 Air Quality Measurements, Data Analyses and 

Inferences  

2.1 Introduction 

Air pollution continues to remain a public health concern despite various actions taken to 

control air pollution. There is a need to take stock of the benefits that have accrued and ponder 

on the ‘Way Forward’. The further analysis of actions and future needs becomes even more 

important in view of the revised air quality standards that have been notified 

(http://www.cpcb.nic.in/National_Ambient_Air_Quality_ Standards.php (CPCB, 2009). The 

first step to accomplish future action is to assess the current air pollution status.  

This chapter presents and discusses the status of air quality in Firozabad from the sampling and 

chemical analysis results for two seasons carried out under the present study.  

2.2 Methodology 

2.2.1 Site selection and details 

A total of four air quality sites has been selected to cover various land-use patterns prevailing 

in the city. It is ensured that there is a free flow of air at all sites, without any obstruction (e.g., 

buildings, trees, etc.). In view of the safety of the stations, public buildings (institutions, office 

buildings, etc.) were selected. The sites were selected in consultation with UPPCB, Lucknow. 

Table 2.1 describes the sampling sites with prevailing land-use and other features. Figure 2.1 

shows the physical features (photographs) of the sampling sites. Figure 2.2 shows the locations 

of the sampling sites on the map and the overall land-use pattern of the city.  

Table 2.1: Description of Sampling Sites of Firozabad 

S. 

No. 

Sampling 

Site 

Site 

Code 

Latitude/ 

longitude 
Land-use Type of Sources 

1. 

Jain 

Mandir, 

Firozabad 

JMDF 
27.16°N, 

78.40°E 
Commercial 

DG sets, vehicle, road dust, 

garbage/waste burning, 

Restaurants 
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2. 

Gopinath 

College, 

Rasulpur, 

Firozabad 

GCRF 
27.14°N, 

78.40°E 
Residential 

Domestic cooking, vehicle, 

road dust, garbage/MSW 

burning, Restaurants 

3. 

St. John 

Industrial, 

Firozabad  

SJIF 27.17°N, 

78.37°E 

Industrial 

Industries, DG sets, vehicles, 

road dust, garbage/industrial 

waste burning, Restaurants 

4. 

Gauri 

Shankar 

Kotla, 

Firozabad 

GSKF 
27.17°N, 

78.41°E 
Residential 

Domestic cooking, vehicle, 

road dust, garbage/MSW 

burning, Industrial 

 

Figure 2.1: Photographs of Sampling Sites showing the physical features 

 

 

       JMDF                                          GCRF 

 

                                      SJIF                                             GSKF 
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Figure 2.2: Land-use Pattern and Locations of Sampling Sites 

The parameters for sampling and monitoring methodologies, including the type of filter 

papers/chemicals and calibration protocols, are adopted from CPCB, Delhi (www.cpcb.nic.in). 

The entire monitoring programme is divided into two groups, i.e. (i) gaseous sampling and (ii) 

particulate matter (PM) sampling (PM10 and PM2.5). Nitrogen dioxide (NO2), Sulphur dioxide 

(SO2) and volatile organic compounds (VOCs) are among the gaseous species. The monitoring 

parameters for this study, along with sampling and analytical methods, are presented in Table 

2.2 and the chemical components (of PM) in Table 2.3. 

Table 2.2: Details of Samplers/Analysers and Methods 

Sr. No. Parameter Sampler/Analysing Instrument Method 

1. PM10 4-Channel Speciation Sampler (4-CSS) Gravimetric 

2. PM2.5 4-Channel Speciation Sampler (4-CSS) Gravimetric 

3. SO2 Bubbler/Spectrophotometer West and Gaek 

4. NO2 Bubbler/Spectrophotometer Jacob &Hochheiser modified 

5. OC/EC OC/EC Analyser Thermal Optical Reflectance 

6. Ions Ion-Chromatograph Ion-Chromatography 

7. Elements ICP-MS Mass spectrometry 
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8. 
Molecular 

Markers  

Gas chromatography- mass 

spectrometry (GC-MS) 
Mass spectrometry 

9. PAHs GC-MS Mass spectrometry 

10. VOCs  GC-MS Mass spectrometry 

 

Table 2.3: Target Chemical Components for Characterization of PM  

Components Required filter 

matrix  

Analytical 

methods 

PM10/PM2.5 Teflon filter paper. Gravimetric 

Elements (Na, Mg, Al, Si, P, K, Ca, Cr, V, Mn, Fe, Co, 

Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba and Pb) 
Teflon filter paper ICP-MS 

Ions (F-, Cl-, NO3
-, SO4

2-, K+, NH4
+, Na+, Mg2+ and 

Ca2+) 
Teflon filter paper 

Ion-

chromatography 

Carbon Analysis (OC, EC and Total Carbon) Quartz filter 

(Prebaked at 600ºC) 
TOR/TOT method 

2.3 Quality Assurance and Quality Control (QA/QC) 

Quality assurance and quality control (QA/QC) in the entire project planning and its 

implementation at all levels were designed, and hands-on training was imparted to the project 

team before the beginning of any sampling and analysis. During sampling and analysis, a 

coding system has been adopted to eliminate any confusion. Separate codes for seasons, site 

locations, parameters, and time slots are adopted.  

For SO2 and NO2, analyses were done regularly just after the sampling, following the standard 

operating procedures (SOPs) in the laboratory, which was set up at Firozabad. All other 

measurements and analyses were carried out in the laboratories at IIT Kanpur. The calibrations 

for all samplers were done at regular intervals at the time of sampling. The calibrations of 

overall analyses were established by cross-checking with known concentrations of the 

pollutants. The major features of QA/QC are briefly described here. 

• SOPs for the entire project planning and implementation were developed, peer 

reviewed by other experts and project personnel have been trained in the field and in 

the laboratory. Whenever necessary, the SOPs were adjusted to meet the field 

challenges.   

• SOPs include the type of equipment (with specifications), sampling and calibration 

methods, with their frequency.  

8185



 

13 

• SOPs for chemical analysis include description of methods, standards to be used, 

laboratory and field blanks, internal and external standards, development of a database, 

screening of data, record keeping including backups, traceability of calculations and 

standards. 

There are dedicated computers for instruments and data storage with passwords. To ensure that 

the computers do not get infected, these computers are not hooked on the Internet.  

Sampling periods: The ambient air sampling has been completed for the winter season at four 

sites (Nov 21, 2022 - Dec 30, 2022) and summer (April 29, 2023 - June 02, 2023). The analysis 

of SO2 and NO2 is carried out daily regularly while gravimetric analysis for particulate matter 

is done after completion of the sampling at IIT Kanpur.  

All efforts were made for the 100% achievement of the sampling and analysis. Efforts were 

made to sample on extra days to cover the missing days of sampling.  

The details of sampling days for all pollutants at all monitoring sites are presented in Table 2.4 

to Table 2.11 for the winter and summer seasons.  

Table 2.4: Sampling days of various pollutants in winter at JMDF 

 

Table 2.5: Sampling days of various pollutants in winter at GCRF 
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Table 2.6: Sampling days of various pollutants in winter at SJIF 

 

Table 2.7: Sampling days of various pollutants in winter at GSKF 

 

Table 2.8: Sampling days of various pollutants in summer at JMDF 
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Table 2.9: Sampling days of various pollutants in summer at GCRF 

 

 

Table 2.10: Sampling days of various pollutants in summer at SJIF 

 

 

Table 2.11: Sampling days of various pollutants in summer at GSKF 
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2.4 Ambient Air Quality – Results 

There were four air quality sampling sites considered in Firozabad to cover the city’s entire 

area. The ambient air sampling has been completed for the winter season at four sites (Nov 21, 

2022 - Dec 30, 2022) and summer (April 29, 2023 - June 02, 2023). Air quality is discussed at 

four sampling sites in Firozabad. 

2.4.1 Jain Mandir Firozabad (JMDF) 

The sampling period was November 21 – December 06, 2022, for winter and April 29 – May 

14, 2023, for summer.  

2.4.1.1 Particulate Matter (PM10, PM2.5) 

Time series of 24-hr average concentrations of PM10 and PM2.5 at JMDF are shown for winter 

in Figure 2.3 and for summer in Figure 2.4. Average levels at this site were: PM2.5: 253±64 

(winter) and 62±17 µg/m3 (summer), and PM10: 354±91 (winter) and 142±42 µg/m3 (summer). 

The PM2.5 levels were 4.2 times higher in winter and almost equal to the standard in the summer 

season compared to the NAAQS (PM2.5: 60 µg/m3). The PM10 levels were 3.5 times higher in 

winter and 1.4 times higher in the summer season compared to the NAAQS (PM10: 100 µg/m3). 

In summer, PM2.5 levels drop significantly compared to PM10 levels, which continued to be 

high despite improvements in meteorology and better dispersion. The particles airborne from 

the soil during dust storms in the dry months of summer can contribute significantly to a coarse 

fraction (i.e., PM2.5-10). 

The corresponding CPCB air quality index (AQI) is 480 (PM2.5) and 538 (PM10) for winter, 

which falls in the category of severe. For summer maximum AQI was 203 (for PM2.5) and 164 

(for PM10), which falls in the category of poor. 
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Figure 2.3: PM Concentrations at JMDF, Winter 

 

Figure 2.4: PM Concentrations at JMDF, Summer 
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occasional local sources like DG sets, traffic jams or local open burning, etc.  

The Mean concentrations of benzene, toluene, p-xylene and o-xylene (BTX) are presented in 

Figure 2.7 and the statistical summary is in Table 2.12. The total BTX level is observed 

10.17±6.38 µg/m3 (Benzene: 0.60 and Toluene: 0.06 µg/m3) in winter and 2.41±1.82 µg/m3 

(Benzene: 0.16 and Toluene: 0.08 µg/m3) in summer seasons. The BTX levels were higher 

during winter than in the summer.  

 

Figure 2.5: SO2 and NO2 Concentrations at JMDF for Winter Season 

 

Figure 2.6: SO2 and NO2 Concentrations at JMDF for Summer Season 
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Figure 2.7: VOCs concentration at JMDF 
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is presented in Table 2.13 for winter and summer. The ratio of OC2/TC is observed to be higher, 

which indicates the formation of primary organic carbon in the atmosphere at JMDF.  

 

 

Figure 2.8: EC and OC Content in PM2.5 at JMDF 
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2.4.1.4 PAHs in PM2.5 

The concentrations of PAHs (from solid phase only) with some specific markers were analysed. 

Figure 2.9 shows the average measured concentration of PAHs at JMDF for winter and summer 

seasons. A statistical summary of PAHs is presented in Table 2.14 for winter and summer 

seasons. The PAHs compounds analyzed were: (i) Di methyl Phthalate (DmP), (ii) 

Acenaphthylene (AcP), (iii) Di ethyl Phthalate (DEP), (iv) Fluorene (Flu), (v) Phenanthrene 

(Phe), (vi) Anthracene (Ant), (vii) Pyrene (Pyr), (viii) Butyl benzyl phthalate (BbP), (ix) Bis(2-

ethylhexyl) adipate (BeA), (x) Benzo(a)anthracene (B(a)A), (xi) Chrysene (Chr), (xii) 

Benzo(b)fluoranthene (B(b)F), (xiii) Benzo(k)fluoranthene (B(k)F), (xiv) Benzo(a)pyrene 

(B(a)P), (xv) Indeno(1,2,3-cd)pyrene (InP), (xvi) Dibenzo(a,h)anthracene (D(a,h)A) and (xvii) 

Benzo(ghi)perylene (B(ghi)P). It is observed that Total PAHs concentrations are higher in the 

winter season (83±29 ng/m3) compared to the summer season (29±13 ng/m3). Major PAHs are 

DmP (7.50 ng/m3 and 18.82 ng/m3), AcP (5.44 ng/m3 and 5.3 ng/m3), DEP (6.94 ng/m3 and 

1.26 ng/m3) and Flu (8.84 ng/m3 and .96 ng/m3) in both winter and summer seasons. 

 

Figure 2.9: PAHs Concentrations in PM2.5 at JMDF 
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Figure 2.10 and Table 2.15 show the levels of six molecular markers. Total concentration of 

markers was 108.0±108.34 ng/m3 in winter and 69.14±34.13 ng/m3 in summer. The presence 

of significant quantities of molecular markers, especially hopanes, conclusively establishes the 

contribution of CGD.    

 

Figure 2.10: Molecular Markers in PM2.5 at JMDF 
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Figure 2.11: Concentrations of species in PM10 at JMDF 

 

Figure 2.12: Concentrations of species in PM2.5 at JMDF 
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Figure 2.13: Percentage distribution of species in PM at JMDF for Winter Season  

 

 

Figure 2.14: Percentage distribution of species in PM at JMDF for Summer Season 
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2.4.1.7 Comparison of PM10 and PM2.5 Composition 

This section presents some important observations from the experimental findings related to 

fine particles and PM10 concentrations. The graphical presentation is a better option for 

understanding the compositional variation. Compositional comparison of PM2.5 vs PM10 for all 

species is shown for winter and summer seasons (Figure 2.15) at JMDF.  

The chemical species considered for the comparisons are carbon content (TC, OC and EC), 

ionic species (F⁻, Cl⁻, NO₃⁻,  SO₄⁻², Na⁺, NH₄⁺, K⁺, Ca⁺², Mg⁺²) and elements (Na, Mg, Al, Si, 

P, K, Ca, Cr, V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba, Pb). It is concluded that a 

similar portion of PM has fine mode during winter (72 %) and summer (44 %). The major 

species contributing to fine mode are Na⁺, K⁺, Ca2+, Mg2+, Na, and Mg, whereas major species 

contributing to coarse mode are OC, Cl-, Al, Si, Ca, Cr, Fe, P, K and Ni.  

 

Figure 2.15: Compositional comparison of species in PM2.5 Vs PM10 at JMDF  
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Table 2.12: Statistical results of gaseous pollutants (µg/m3) at JMDF for winter (W) and summer (S) seasons 

JMDF (W) NO2 SO2 Benzene Toluene p-Xylene o-Xylene Total (BTX) 

Mean 56.86 2.15 0.60 0.06 4.54 4.97 10.17 

SD 12.63 0.41 0.29 0.03 3.43 3.15 6.38 

Max 91.06 3.66 0.88 0.11 11.05 10.59 21.64 

Min 38.59 2.00 0.00 0.00 1.49 2.13 4.17 

CV 0.22 0.19 0.48 0.58 0.76 0.63 0.63 

JMDF (S) NO2 SO2 Benzene Toluene p-Xylene o-Xylene Total (BTX) 

Mean 30.17 2.00 0.16 0.08 1.45 0.72 2.41 

SD 7.87 0.00 0.14 0.12 1.37 0.47 1.82 

Max 46.17 2.00 0.33 0.30 3.72 1.12 5.11 

Min 18.92 2.00 0.00 0.00 0.07 0.17 0.25 

CV 0.26 0.00 0.90 1.46 0.95 0.65 0.76 

 

Table 2.13: Statistical results of carbon contents (µg/m3) in PM2.5 at JMDF for Winter (W) and summer (S) seasons 

JMDF (W) PM2.5 TC OC EC OC1 OC2 OC3 OC4 OC1/TC OC2/TC OC3/TC OC4/TC 

Mean 253.08 56.27 33.00 23.27 0.90 11.28 12.46 8.36 0.01 0.20 0.23 0.17 

SD 64.21 21.93 10.35 11.97 1.13 5.12 3.70 1.52 0.01 0.02 0.03 0.06 

Max 354.00 110.82 61.41 49.41 3.14 26.79 21.58 11.21 0.04 0.24 0.28 0.30 

Min 145.00 30.95 22.44 6.68 0.00 6.34 8.67 5.84 0.00 0.17 0.19 0.10 

CV 0.25 0.39 0.31 0.51 1.26 0.45 0.30 0.18 1.14 0.08 0.12 0.38 

JMDF (S) PM2.5 TC OC EC OC1 OC2 OC3 OC4 OC1/TC OC2/TC OC3/TC OC4/TC 

Mean 62.00 15.79 11.93 3.86 0.33 5.62 3.03 2.95 0.03 0.35 0.19 0.18 

SD 16.97 4.35 3.58 0.90 0.74 2.01 1.03 1.15 0.05 0.07 0.03 0.03 

Max 91.00 22.66 17.51 5.48 2.61 8.93 5.22 4.70 0.17 0.48 0.25 0.23 

Min 35.00 7.83 5.57 2.26 0.00 1.89 1.65 1.21 0.00 0.24 0.15 0.12 

CV 0.27 0.28 0.30 0.23 2.23 0.36 0.34 0.39 2.09 0.21 0.17 0.19 
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Table 2.14: Statistical results of PAHs (ng/m3) in PM2.5 at JMDF for winter (W) and summer (S) seasons  

JMDF (W) DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P Total PAHs 

Mean 7.50 5.44 6.94 8.84 7.20 5.96 5.13 2.91 5.67 1.51 4.34 5.98 1.35 6.30 2.52 0.13 5.76 83.48 

SD 4.02 2.73 4.55 12.52 4.83 4.58 2.87 4.20 5.55 1.00 4.19 1.90 1.31 4.99 2.07 0.11 5.54 28.60 

Max 13.44 9.32 14.28 35.48 15.00 12.73 9.09 12.39 17.96 3.37 12.33 8.16 4.00 16.39 6.86 0.34 15.73 139.14 

Min 3.33 1.62 2.29 0.98 2.51 1.00 2.03 0.95 2.67 0.33 0.51 3.11 0.30 1.70 0.71 0.02 0.89 56.75 

CV 0.54 0.50 0.66 1.42 0.67 0.77 0.56 1.44 0.98 0.66 0.97 0.32 0.98 0.79 0.82 0.80 0.96 0.34 

JMDF (S) DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P Total PAHs 

Mean 18.82 5.30 1.26 0.96 0.40 0.11 0.32 0.55 0.62 0.27 0.20 0.09 0.07 0.08 0.09 0.00 0.19 29.33 

SD 10.29 2.14 0.68 0.64 0.40 0.18 0.27 0.91 0.48 0.19 0.16 0.09 0.04 0.07 0.16 0.00 0.10 12.68 

Max 30.84 9.75 1.83 2.01 0.86 0.48 0.66 2.41 1.13 0.60 0.53 0.29 0.15 0.24 0.45 0.00 0.41 48.69 

Min 5.71 3.52 0.00 0.07 0.00 0.01 0.00 0.05 0.00 0.12 0.09 0.04 0.04 0.03 0.00 0.00 0.10 11.67 

CV 0.55 0.40 0.54 0.67 1.00 1.55 0.86 1.65 0.78 0.70 0.77 1.01 0.55 0.94 1.90 0.00 0.55 0.43 

 

Table 2.15: Statistical results of molecular markers (ng/m3) in PM2.5 at JMDF for winter (W) and summer (S) seasons  

JMDF (W) Tritriacontane Hentriacontane Pentriacontane 
17 β(H) 

21β(H)_hopane 

17 α(H) 

21α(H)_hopane 

17 α(H) - 22,29,30 - 

Trisnorhopane 
Total 

Mean 65.42 19.91 15.25 5.68 1.31 0.43 108.00 

SD 68.12 22.70 18.51 1.02 0.23 0.18 108.34 

CV 1.04 1.14 1.21 0.18 0.18 0.41 1.00 

JMDF (S) Tritriacontane Hentriacontane Pentriacontane 
17 β(H) 

21β(H)_hopane 

17 α(H) 

21α(H)_hopane 

17 α(H) - 22,29,30 - 

Trisnorhopane 
Total 

Mean 39.22 8.38 3.52 16.84 0.82 0.37 69.14 

SD 19.15 5.73 1.59 9.16 0.65 0.23 34.13 

CV 0.49 0.68 0.45 0.54 0.79 0.62 0.49 
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Table 2.16: Statistical results of chemical characterisation (µg/m3) of PM10 at JMDF for winter (W) season 

JMDF (W) PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 354 47.1 28.0 1.3 9.9 24.9 19.1 4.2 11.4 3.2 1.2 4.8 5.45 3.42 14.79 40.22 0.73 4.19 

SD 94 14.8 14.4 1.0 3.2 8.2 6.7 1.3 4.0 0.6 0.8 1.4 1.77 2.05 4.24 11.73 0.60 0.78 

Max 541 87.7 59.5 2.8 16.9 36.8 31.0 6.3 18.4 4.2 3.0 6.9 8.41 7.65 22.12 61.90 2.32 5.20 

Min 226 32.1 8.1 0.2 7.1 11.4 9.8 1.5 6.2 2.0 0.2 2.6 1.94 0.66 8.50 23.62 0.09 2.67 

CV 0.27 0.31 0.51 0.75 0.32 0.33 0.35 0.31 0.35 0.20 0.64 0.29 0.32 0.60 0.29 0.29 0.83 0.19 

JMDF (W) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 11.11 0.17 0.02 0.26 8.64 0.06 0.02 0.48 0.95 0.05 0.45 0.06 0.05 0.98 0.02 0.17 0.86 66.49 

SD 3.32 0.08 0.01 0.11 2.50 0.02 0.01 0.18 0.32 0.01 0.34 0.02 0.03 0.69 0.01 0.16 0.31 1.64 

Max 16.63 0.36 0.03 0.45 12.51 0.13 0.03 0.80 1.63 0.07 1.23 0.10 0.11 2.35 0.04 0.53 1.31 69.42 

Min 6.11 0.06 0.01 0.07 5.04 0.02 0.00 0.24 0.52 0.03 0.01 0.03 0.02 0.04 0.01 0.02 0.32 63.50 

CV 0.30 0.46 0.33 0.43 0.29 0.43 0.53 0.38 0.34 0.26 0.75 0.33 0.53 0.70 0.50 0.91 0.36 0.02 

 

 

Table 2.17: Statistical results of chemical characterisation (µg/m3) of PM2.5 at JMDF for winter (W) season 

JMDF (W) PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 253 33.0 23.3 1.0 7.2 19.6 14.4 3.1 8.4 2.3 0.9 3.2 3.99 2.48 10.26 28.16 0.47 2.97 

SD 64 10.4 12.0 0.7 2.1 6.0 5.5 1.0 2.8 0.5 0.5 0.9 1.28 1.35 2.86 8.07 0.33 0.62 

Max 354 61.4 49.4 2.2 11.3 28.3 24.3 4.6 12.9 3.3 1.6 5.1 5.91 4.14 14.48 41.89 1.17 4.25 

Min 145 22.4 6.7 0.2 4.9 10.4 6.5 1.2 4.2 1.3 0.1 1.9 1.50 0.39 5.80 14.95 0.06 1.67 

CV 0.25 0.31 0.51 0.77 0.30 0.31 0.38 0.31 0.34 0.21 0.56 0.29 0.32 0.55 0.28 0.29 0.71 0.21 

JMDF (W) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 7.66 0.13 0.02 0.18 6.25 0.04 0.01 0.33 0.66 0.04 0.32 0.04 0.04 0.78 0.01 0.12 0.63 68.1 

SD 2.19 0.06 0.01 0.08 1.91 0.02 0.01 0.11 0.17 0.01 0.25 0.02 0.02 0.62 0.01 0.10 0.24 1.5 

Max 11.50 0.23 0.03 0.41 8.97 0.09 0.02 0.49 1.01 0.05 0.89 0.07 0.07 2.21 0.03 0.37 0.88 70.5 

Min 4.46 0.03 0.01 0.06 3.08 0.02 0.00 0.19 0.46 0.02 0.01 0.02 0.01 0.03 0.00 0.02 0.23 64.9 

CV 0.29 0.49 0.35 0.46 0.31 0.42 0.53 0.32 0.26 0.25 0.78 0.36 0.48 0.79 0.43 0.86 0.38 0.02 
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Table 2.18: Statistical results chemical characterisation (µg/m3) of PM10 at JMDF for summer (S) season 

JMDF (S) PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 142 17.0 4.7 0.4 7.3 4.8 7.3 1.8 3.2 1.0 0.5 2.1 2.39 1.57 7.26 19.19 0.59 1.38 

SD 43 5.1 1.1 0.1 2.7 1.4 3.3 0.5 2.0 0.4 0.3 0.7 0.63 0.81 2.91 7.33 0.30 0.56 

Max 196 25.0 6.6 0.7 12.6 7.5 13.5 2.9 6.6 1.7 1.0 3.0 3.82 3.13 12.09 28.69 1.23 2.42 

Min 58 8.0 2.7 0.3 4.0 1.0 3.1 1.2 0.7 0.4 0.1 0.7 1.57 0.47 2.27 5.80 0.18 0.49 

CV 0.31 0.30 0.23 0.23 0.37 0.30 0.45 0.26 0.64 0.40 0.53 0.34 0.26 0.52 0.40 0.38 0.52 0.40 

JMDF (S) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 5.00 0.18 0.02 0.12 4.02 0.03 0.02 0.20 0.86 0.02 0.50 0.03 0.03 0.92 0.16 0.07 0.70 63.95 

SD 1.80 0.11 0.01 0.06 1.45 0.01 0.01 0.08 0.43 0.01 0.36 0.02 0.02 0.61 0.07 0.04 0.47 3.19 

Max 7.30 0.44 0.03 0.23 5.93 0.06 0.03 0.34 1.65 0.04 1.24 0.05 0.08 2.39 0.27 0.13 1.86 69.18 

Min 1.61 0.05 0.00 0.03 1.23 0.02 0.01 0.07 0.30 0.01 0.14 0.01 0.01 0.19 0.05 0.00 0.19 58.65 

CV 0.36 0.60 0.54 0.54 0.36 0.36 0.31 0.42 0.50 0.35 0.73 0.48 0.52 0.66 0.45 0.55 0.67 0.05 
 

Table 2.19: Statistical results of chemical characterisation (µg/m3) of PM2.5 at JMDF for summer (S) season 

JMDF (S) PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 62.00 11.93 3.86 0.25 4.15 2.63 4.20 0.94 1.78 0.57 0.31 0.61 1.25 0.91 1.86 4.89 0.17 0.76 

SD 16.97 3.58 0.90 0.07 1.65 0.79 1.92 0.23 1.16 0.21 0.17 0.17 0.29 0.52 0.68 1.88 0.08 0.30 

Max 90.79 17.51 5.48 0.46 7.50 3.95 7.22 1.45 4.48 0.90 0.63 1.02 1.85 1.99 3.31 9.73 0.31 1.26 

Min 34.77 5.57 2.26 0.15 2.10 0.56 1.57 0.61 0.44 0.22 0.08 0.37 0.82 0.23 0.78 2.25 0.07 0.28 

CV 0.27 0.30 0.23 0.26 0.40 0.30 0.46 0.24 0.65 0.38 0.54 0.28 0.23 0.57 0.37 0.39 0.46 0.39 

JMDF (S) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 1.33 0.05 0.00 0.03 1.09 0.01 0.01 0.06 0.72 0.01 0.42 0.01 0.01 0.73 0.05 0.02 0.56 70.59 

SD 0.45 0.03 0.00 0.01 0.46 0.01 0.00 0.04 0.39 0.00 0.35 0.00 0.00 0.57 0.03 0.01 0.43 1.75 

Max 2.51 0.12 0.01 0.07 2.29 0.03 0.02 0.17 1.46 0.01 1.11 0.02 0.01 2.16 0.12 0.05 1.61 72.96 

Min 0.74 0.01 0.00 0.01 0.52 0.01 0.00 0.03 0.22 0.01 0.08 0.00 0.01 0.12 0.02 0.00 0.12 67.70 

CV 0.34 0.59 0.35 0.45 0.42 0.50 0.43 0.62 0.55 0.21 0.83 0.46 0.29 0.78 0.56 0.60 0.77 0.02 
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Table 2.20: Correlation matrix for PM10 and its composition at JMDF for the winter season 

JMDF (W) PM₁₀ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₁₀ 1.00 0.93 0.89 0.93 -0.40 0.30 0.78 0.74 -0.31 0.67 0.45 -0.55 0.89 0.96 

TC   1.00 0.98 0.98 -0.15 0.47 0.63 0.53 -0.12 0.47 0.27 -0.44 0.68 0.80 

OC     1.00 0.93 -0.03 0.51 0.51 0.44 -0.11 0.38 0.25 -0.38 0.64 0.77 

EC       1.00 -0.26 0.41 0.73 0.60 -0.13 0.55 0.29 -0.48 0.69 0.81 

NO₃⁻         -0.77 -0.10 1.00 0.75 -0.39 0.82 0.26 -0.48 0.75 0.76 

SO₄⁻²         -0.62 0.05   1.00 -0.29 0.80 0.42 -0.44 0.73 0.75 

NH₄⁺         -0.74 -0.21     -0.57 1.00 0.35 -0.54 0.75 0.68 

Metals         -0.46 0.20     -0.36   0.57 -0.57 0.95 1.00 

 

 

Table 2.21: Correlation matrix for PM2.5 and its composition at JMDF for the winter season 

JMDF (W) PM₂.₅ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₂.₅ 1.00 0.80 0.73 0.82 -0.45 0.27 0.89 0.83 -0.19 0.87 0.54 -0.46 0.89 0.90 

TC   1.00 0.98 0.98 -0.19 0.45 0.53 0.41 -0.16 0.54 0.23 -0.51 0.50 0.47 

OC     1.00 0.93 -0.07 0.51 0.42 0.31 -0.16 0.45 0.23 -0.45 0.43 0.39 

EC       1.00 -0.30 0.38 0.61 0.47 -0.15 0.60 0.23 -0.54 0.54 0.52 

NO₃⁻         -0.71 -0.04 1.00 0.91 -0.21 0.91 0.44 -0.39 0.87 0.89 

SO₄⁻²         -0.63 -0.03   1.00 -0.05 0.87 0.41 -0.31 0.82 0.89 

NH₄⁺         -0.67 -0.11     -0.33 1.00 0.47 -0.54 0.85 0.85 

Metals         -0.46 0.12     -0.14   0.67 -0.29 0.95 1.00 
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Table 2.22: Correlation matrix for PM10 and its composition at JMDF for the summer season 

JMDF (S) PM₁₀ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₁₀ 1.00 0.82 0.83 0.66 -0.35 0.63 0.57 0.70 -0.05 0.40 0.82 0.73 0.95 0.98 

TC   1.00 1.00 0.88 -0.17 0.61 0.43 0.70 -0.12 0.37 0.81 0.70 0.63 0.70 

OC     1.00 0.83 -0.21 0.58 0.44 0.67 -0.12 0.35 0.83 0.68 0.65 0.72 

EC       1.00 0.07 0.64 0.33 0.72 -0.09 0.43 0.64 0.69 0.45 0.52 

NO₃⁻         -0.11 0.47 1.00 0.35 0.11 0.57 0.36 0.35 0.52 0.50 

SO₄⁻²         -0.12 0.79   1.00 -0.12 0.23 0.55 0.68 0.53 0.61 

NH₄⁺         -0.27 0.56     -0.20 1.00 0.26 0.55 0.29 0.30 

Metals         -0.39 0.52     -0.01   0.78 0.65 0.99 1.00 

 

 

Table 2.23: Correlation matrix for PM2.5 and its composition at JMDF for the summer season 

JMDF (S) PM₂.₅ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₂.₅ 1.00 0.74 0.70 0.81 -0.08 0.88 0.70 0.87 -0.11 0.67 0.57 0.74 0.70 0.95 

TC   1.00 0.99 0.89 -0.11 0.50 0.43 0.65 -0.11 0.28 0.83 0.63 0.17 0.49 

OC     1.00 0.83 -0.15 0.44 0.42 0.62 -0.12 0.24 0.85 0.59 0.11 0.44 

EC       1.00 0.09 0.64 0.41 0.70 -0.05 0.42 0.66 0.69 0.39 0.63 

NO₃⁻         0.01 0.52 1.00 0.42 0.08 0.59 0.33 0.38 0.60 0.69 

SO₄⁻²         -0.05 0.83   1.00 -0.14 0.31 0.54 0.69 0.55 0.83 

NH₄⁺         -0.13 0.64     -0.19 1.00 0.17 0.53 0.61 0.74 

Metals         -0.05 0.89     -0.06   0.38 0.68 0.84 1.00 
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2.4.2 Gopinath College, Rasulpur, Firozabad (GCRF) 

The sampling period was November 25 – December 09, 2022, for winter and May 01 – May 

16, 2023, for summer.  

2.4.2.1 Particulate Matter (PM10, PM2.5) 

Time series of 24-hr average concentrations of PM10 and PM2.5 at GCRF are shown for winter 

(Figure 2.16) and summer (Figure 2.17). Average levels at this site were: PM2.5: 318±70 

(winter) and 67±15 µg/m3 (summer), and PM10: 429±75 (winter) and 155±34 µg/m3 (summer). 

The PM2.5 levels were 5.3 times (higher) in winter and 1.1 times (higher) in the summer season 

compared to the NAAQS (PM2.5: 60 µg/m3). The PM10 levels were 4.3 times (higher) in winter 

and 1.6 times (higher) in the summer season compared to the NAAQS (PM10: 100 µg/m3). 

In summer, PM2.5 levels drop significantly (lies within the NAAQS) compared to PM10 levels 

that continued to be high despite improvement in meteorology and better dispersion. The 

particles airborne from the soil during dust storms in the dry months of summer can contribute 

significantly to a coarse fraction (i.e., PM2.5-10).  

The corresponding CPCB air quality index (AQI) is 530 (PM2.5) and 519 (PM10) for winter, 

which falls in the category of severe. For summer AQI is 210 (for PM2.5) and 165 (for PM10), 

which falls in the category of poor.  

 

Figure 2.16: PM Concentrations at GCRF, Winter 
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Figure 2.17: PM Concentrations at GCRF, Summer 

2.4.2.2 Gaseous pollutants 

Time series of 24-hr average concentrations of SO2 and NO2 are shown for the winter (Figure 

2.18) and summer (Figure 2.19) seasons. It was observed that SO2 concentrations were low 

(mostly < 3.0 µg/m3) and met the air quality standard. NO2 levels also meet the national 

standard (80 µg/m3) with an average of 15 days at 43±9 µg/m3 in winter and 22±8 µg/m3 in the 

summer season (Table 2.24). The summer concentration of NO2 slightly dropped. NO2 levels 

are meeting the standard; it is a matter of concern as NO2 is largely attributed to vehicular 

pollution, which is on the rise. Variation in NO2 is due to variability in meteorology and the 

presence of occasional local sources like DG sets, traffic jams or local open burning, etc.  

The Mean concentrations of benzene, toluene, p-xylene and o-xylene (BTX) are presented in 

Figure 2.20 and the statistical summary is in Table 2.24. The total BTX level is observed 

3.0±0.83 µg/m3 (Benzene: 0.50 and Toluene: 0.04 µg/m3) in winter and 11.42±5.85 µg/m3 

(Benzene: 0.31 and Toluene: 0.05 µg/m3) in summer seasons. The BTX levels were higher 

during the summer than in the winter.  
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Figure 2.18: SO2 and NO2 Concentrations at GCRF for Winter Season 

 

Figure 2.19: SO2 and NO2 Concentrations at GCRF for Summer Season 

 

Figure 2.20: VOCs concentration at GCRF 
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2.4.2.3 Carbon Content (EC/OC) in PM2.5 

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to 

TC are shown in Figure 2.21 (a) and (b) for winter and summer seasons. Organic carbon is 

observed to be higher (winter: 39.61±9.24 and summer: 13.63±4.83 µg/m3) than the elemental 

carbon (winter: 22.27±6.98 and summer: 7.12±4.17 µg/m3). It is also observed that the OC and 

EC are higher in the winter than in the summer. A statistical summary of carbon content (OC1, 

OC2, OC3, OC4; OC, EC, TC with fractions OC1/TC, OC2/TC, OC3/TC and OC4/TC) is 

presented in Table 2.25 for winter and summer. The ratio of OC3/TC is observed to be higher, 

which indicates the formation of secondary organic carbon in the atmosphere at GCRF.  

 

Figure 2.21: EC and OC Content in PM2.5 at GCRF 

2.4.2.4 PAHs in PM2.5 
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Phe (8.30 ng/m3 and 0.72 ng/m3), DEP (4.03 ng/m3 and 1.24 ng/m3) and AcP (8.12 ng/m3 and 

6.38ng/m3) in winter and summer seasons.   

 

Figure 2.22: PAHs Concentrations in PM2.5 at GCRF 

2.4.2.5 Molecular Markers in PM2.5 

 A total of six molecular markers analysed were: (i) 17α(H)-22,29,30–Trisnorhopane, (ii) 

17α(H)21 α (H)-hopane, (iii) 17β(H)21 β (H)-hopane, (iv) n-Hentriacontane, (v) n-

Tritriacontane and (vi) n-Pentatriacontane. The n-alkanes are generally emitted from all types 

of combustion sources, and hopanes from combustion of coal (C), gasoline (G) and diesel (D).  

Figure 2.23 and Table 2.27 show the levels of six molecular markers. Total concentration of 

markers was 209.84±67.19 ng/m3 in winter and 158.01±172.73 ng/m3 in summer. The presence 

of significant quantities of molecular markers, especially hopanes, conclusively establishes the 

contribution of CGD.    

 

Figure 2.23: Molecular Markers in PM2.5 at GCRF 
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2.4.2.6 Chemical composition of PM10 and PM2.5 and their correlation matrix 

Graphical presentations of chemical species are shown for the winter and summer seasons for 

PM10 (Figure 2.24) and PM2.5 (Figure 2.25). Statistical summary for particulate matter (PM10 

and PM2.5), its chemical composition [carbon content, ionic species and elements] along with 

mass percentage (% R) recovered from PM are presented in the Table 2.28 – Table 2.31 for 

winter and summer seasons.  

The correlation between different parameters (i.e. PM, TC, OC, EC, F⁻, Cl⁻, NO₃⁻,  SO₄⁻², Na⁺, 

NH₄⁺, K⁺, Ca⁺², Mg⁺² and Metals (elements) with major species (PM, TC, OC, EC, NO₃⁻, SO₄⁻², 

NH₄⁺, Metals) for PM10 and PM2.5 composition is presented in Table 2.32 - Table 2.35 for both 

seasons. It is seen that most of the parameters showed good correlation (>0.30) with PM10 and 

PM2.5. The percentage constituent of the PM is presented in Figure 2.26 (a) and (b) for the 

winter season and Figure 2.27 (a) and (b) for the summer season. 

 

Figure 2.24: Concentrations of species in PM10 at GCRF 

 

Figure 2.25: Concentrations of species in PM2.5 at GCRF 
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Figure 2.26: Percentage distribution of species in PM at GCRF for Winter Season  
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Figure 2.27: Percentage distribution of species in PM at GCRF for Summer Season 

2.4.2.7 Comparison of PM10 and PM2.5 Composition 

This section presents some important observations from the experimental findings related to 

fine particles and PM10 concentrations. The graphical presentation is a better option for 

understanding the compositional variation. Compositional comparison of PM2.5 vs PM10 for all 

species is shown for winter and summer seasons (Figure 2.28) at GCRF.  

The chemical species considered for the comparisons are carbon content (TC, OC and EC), 

ionic species (F⁻, Cl⁻, NO₃⁻,  SO₄⁻², Na⁺, NH₄⁺, K⁺, Ca⁺², Mg⁺²) and elements (Na, Mg, Al, Si, 

P, K, Ca, Cr, V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba, Pb). It is concluded that 

most of the PM has fine mode during winter (74 %) than summer (43 %). The major species 

contributing to fine mode are TC, OC, EC, NO₃⁻, SO₄⁻², Na⁺, NH₄⁺, K⁺, V, Zn and Pb, whereas 

major species contributing to coarse mode are Ca2+, Mg2+, Al, Si, Ca, Cr, Fe and Ni.  

 

Figure 2.28: Compositional comparison of species in PM2.5 Vs PM10 at GCRF  
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Table 2.24: Statistical results of gaseous pollutants (µg/m3) at GCRF for winter (W) and summer (S) seasons 

GCRF (W) NO2 SO2 Benzene Toluene p-Xylene o-Xylene Total (BTX) 

Mean 43.42 2.00 0.50 0.04 1.04 1.45 2.92 

SD 9.08 0.00 0.10 0.01 0.35 0.44 0.99 

Max 60.97 2.00 0.57 0.04 1.32 2.12 4.00 

Min 28.83 2.00 0.29 0.02 0.32 0.71 1.33 

CV 0.21 0.00 0.19 0.24 0.34 0.30 0.34 

GCRF (S) NO2 SO2 Benzene Toluene p-Xylene o-Xylene Total (BTX) 

Mean 21.92 2.00 0.31 0.05 9.65 1.40 11.42 

SD 8.34 0.00 0.05 0.01 5.20 0.86 5.85 

Max 42.83 2.00 0.36 0.06 18.10 2.70 21.18 

Min 9.90 2.00 0.26 0.03 4.27 0.46 5.51 

CV 0.38 0.00 0.15 0.26 0.54 0.61 0.51 

Table 2.25: Statistical results of carbon contents (µg/m3) in PM2.5 at GCRF for Winter (W) and summer (S) seasons 

GCRF (W) PM2.5 TC OC EC OC1 OC2 OC3 OC4 OC1/TC OC2/TC OC3/TC OC4/TC 

Mean 318.24 61.88 39.61 22.27 0.27 13.31 15.13 10.90 0.00 0.21 0.25 0.18 

SD 69.71 15.74 9.24 6.98 0.46 4.28 3.33 2.27 0.01 0.02 0.01 0.04 

Max 419.00 87.06 52.73 34.33 1.32 20.89 20.05 13.85 0.02 0.24 0.27 0.25 

Min 155.00 36.69 22.06 12.03 0.00 6.43 9.47 5.39 0.00 0.18 0.23 0.13 

CV 0.22 0.25 0.23 0.31 1.70 0.32 0.22 0.21 1.72 0.09 0.05 0.21 

GCRF (S) PM2.5 TC OC EC OC1 OC2 OC3 OC4 OC1/TC OC2/TC OC3/TC OC4/TC 

Mean 66.72 20.75 13.63 7.12 0.23 4.34 4.71 4.36 0.01 0.21 0.23 0.22 

SD 15.04 8.46 4.83 4.17 0.58 1.75 1.88 1.80 0.02 0.04 0.02 0.06 

Max 93.00 36.31 20.53 16.99 2.19 7.18 8.50 8.28 0.06 0.26 0.27 0.29 

Min 46.00 9.68 6.60 3.07 0.00 1.53 2.21 1.86 0.00 0.14 0.19 0.07 

CV 0.23 0.41 0.35 0.59 2.54 0.40 0.40 0.41 2.02 0.18 0.08 0.27 
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Table 2.26: Statistical results of PAHs (ng/m3) in PM2.5 at GCRF for winter (W) and summer (S) seasons  

GCRF 

(W) 
DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P 

Total 

PAHs 

Mean 1.99 8.12 4.03 8.63 8.30 10.04 5.73 1.68 4.26 4.75 8.20 8.28 3.17 7.47 5.98 0.13 8.23 99.00 

SD 0.69 4.51 2.74 7.41 3.40 4.27 3.62 1.34 1.46 4.38 4.57 8.72 2.83 5.59 5.96 0.06 7.56 44.46 

Max 3.21 13.66 6.75 21.35 11.89 15.95 10.21 3.96 6.46 11.36 15.89 24.18 7.13 18.06 15.61 0.22 19.59 165.84 

Min 1.17 1.33 0.11 0.71 1.98 5.73 0.68 0.55 2.04 0.85 0.60 0.58 0.32 0.49 0.03 0.03 0.21 31.90 

CV 0.34 0.56 0.68 0.86 0.41 0.43 0.63 0.80 0.34 0.92 0.56 1.05 0.89 0.75 1.00 0.47 0.92 0.45 

GCRF 

(S) 
DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P 

Total 

PAHs 

Mean 26.17 6.38 1.24 0.22 0.72 0.13 1.10 1.03 1.31 0.20 0.20 0.17 0.16 0.27 0.00 0.02 0.18 39.49 

SD 24.60 1.59 1.03 0.21 0.63 0.18 0.80 1.80 0.69 0.04 0.16 0.17 0.27 0.17 0.00 0.05 0.05 25.38 

Max 61.06 8.67 2.72 0.52 1.70 0.50 2.68 5.00 2.57 0.28 0.56 0.52 0.76 0.52 0.00 0.14 0.25 74.19 

Min 1.27 4.26 0.01 0.00 0.00 0.02 0.09 0.06 0.60 0.14 0.10 0.04 0.04 0.04 0.00 0.00 0.11 8.52 

CV 0.94 0.25 0.83 1.00 0.88 1.41 0.73 1.75 0.53 0.22 0.81 1.04 1.70 0.64 #DIV/0! 2.65 0.26 0.64 
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Table 2.27: Statistical results of molecular markers (ng/m3) in PM2.5 at GCRF for winter (W) and summer (S) seasons 

GCRF (W) Tritriacontane Hentriacontane Pentriacontane 
17 β(H) 

21β(H)_hopane 

17 α(H) 

21α(H)_hopane 

17 α(H) - 22,29,30 - 

Trisnorhopane 
Total 

Mean 125.04 40.77 21.96 20.13 1.37 0.58 209.84 

SD 51.77 15.24 7.56 6.08 0.20 0.39 67.19 

CV 0.41 0.37 0.34 0.30 0.14 0.66 0.32 

GCRF (S) Tritriacontane Hentriacontane Pentriacontane 
17 β(H) 

21β(H)_hopane 

17 α(H) 

21α(H)_hopane 

17 α(H) - 22,29,30 - 

Trisnorhopane 
Total 

Mean 120.86 16.25 6.19 13.63 0.78 0.30 158.01 

SD 174.95 16.44 6.48 5.45 0.29 0.12 172.73 

CV 1.45 1.01 1.05 0.40 0.37 0.41 1.09 

 

Table 2.28: Statistical results of chemical characterisation (µg/m3) of PM10 at GCRF for winter (W) season 

GCRF (W) PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 429 56.6 26.8 0.5 18.2 32.9 30.9 1.8 13.7 2.2 0.2 4.8 2.16 0.51 15.57 47.98 0.10 3.26 

SD 78 13.2 8.4 0.1 5.1 8.5 9.0 0.9 5.0 0.4 0.1 1.8 0.90 0.18 3.45 8.57 0.02 0.78 

Max 525 75.3 41.4 0.7 29.2 47.5 41.3 3.8 20.1 2.9 0.3 9.1 4.02 0.86 21.20 62.09 0.13 5.34 

Min 271 31.5 14.5 0.3 9.0 19.7 8.0 0.9 3.6 1.5 0.1 1.4 1.09 0.26 10.32 34.41 0.07 2.18 

CV 0.18 0.23 0.31 0.24 0.28 0.26 0.29 0.47 0.37 0.20 0.50 0.38 0.42 0.36 0.22 0.18 0.19 0.24 

GCRF(W) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 18.30 0.02 0.00 0.04 14.70 0.01 0.00 0.05 0.88 0.07 0.34 0.01 0.01 1.10 0.02 0.04 0.76 66.5 

SD 4.08 0.01 0.00 0.01 4.08 0.00 0.00 0.01 0.37 0.04 0.36 0.00 0.00 1.08 0.01 0.01 0.66 2.1 

Max 26.98 0.06 0.01 0.06 23.42 0.01 0.01 0.07 1.63 0.18 1.47 0.01 0.02 4.36 0.03 0.07 2.86 70.5 

Min 12.78 0.01 0.00 0.03 8.54 0.00 0.00 0.03 0.46 0.03 0.07 0.01 0.01 0.15 0.01 0.03 0.27 62.2 

CV 0.22 0.55 0.19 0.19 0.28 0.20 0.90 0.22 0.42 0.62 1.08 0.18 0.19 0.98 0.31 0.29 0.87 0.03 
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Table 2.29: Statistical results of chemical characterisation (µg/m3) of PM2.5 at GCRF for winter (W) season 

GCRF (W) PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 318 39.6 22.3 0.4 14.6 27.8 24.1 1.4 11.0 1.8 0.1 3.6 1.97 0.48 10.87 34.06 0.06 2.63 

SD 70 9.2 7.0 0.1 3.5 6.5 7.6 0.6 3.9 0.3 0.1 1.2 0.80 0.17 2.74 8.80 0.02 0.66 

Max 419 52.7 34.3 0.5 22.3 37.1 35.2 2.7 15.1 2.3 0.3 6.5 3.63 0.80 14.91 48.27 0.09 4.18 

Min 155 22.1 12.0 0.3 8.8 14.7 7.2 0.8 3.3 1.3 0.1 1.1 0.86 0.25 4.84 14.88 0.03 1.70 

CV 0.22 0.23 0.31 0.19 0.24 0.23 0.32 0.40 0.35 0.17 0.46 0.34 0.40 0.36 0.25 0.26 0.33 0.25 

GCRF (W) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 13.19 0.02 0.00 0.03 10.62 0.01 0.00 0.04 0.75 0.05 0.29 0.01 0.01 0.93 0.02 0.02 0.64 68.1 

SD 3.61 0.01 0.00 0.01 3.63 0.00 0.00 0.01 0.31 0.03 0.31 0.00 0.00 0.92 0.01 0.01 0.53 1.2 

Max 18.89 0.04 0.00 0.05 16.97 0.01 0.01 0.05 1.33 0.13 1.26 0.01 0.01 3.68 0.03 0.04 2.32 70.5 

Min 6.06 0.01 0.00 0.02 4.65 0.00 0.00 0.03 0.37 0.02 0.06 0.00 0.00 0.13 0.01 0.01 0.23 66.1 

CV 0.27 0.53 0.24 0.34 0.34 0.21 1.00 0.24 0.41 0.61 1.08 0.23 0.17 0.99 0.31 0.39 0.83 0.02 

 

Table 2.30: Statistical results chemical characterisation (µg/m3) of PM10 at GCRF for summer (S) season 

GCRF (S) PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 155 19.5 8.6 0.4 7.1 4.8 5.3 1.6 3.3 1.2 0.5 2.3 2.18 1.58 7.73 20.75 0.33 1.67 

SD 35 6.9 5.0 0.1 1.6 1.5 1.9 0.4 0.9 0.2 0.3 0.7 0.57 0.78 2.22 6.26 0.17 0.31 

Max 198 29.3 20.5 0.6 10.4 7.3 9.4 2.8 4.5 1.6 1.3 3.2 3.70 3.89 10.59 31.54 0.70 2.24 

Min 92 9.4 3.7 0.2 2.9 2.2 3.0 1.0 1.7 1.0 0.3 0.9 1.44 0.87 3.29 8.35 0.08 1.31 

CV 0.23 0.35 0.59 0.32 0.23 0.31 0.35 0.27 0.28 0.18 0.49 0.30 0.26 0.49 0.29 0.30 0.52 0.18 

GCRF (S) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 5.44 0.13 0.02 0.12 4.46 0.03 0.04 0.19 0.92 0.02 0.54 0.03 0.04 0.51 1.02 0.19 0.79 63.41 

SD 1.62 0.08 0.01 0.07 1.30 0.02 0.06 0.14 0.47 0.01 0.48 0.01 0.02 0.29 0.22 0.31 0.56 3.28 

Max 7.90 0.29 0.02 0.22 6.79 0.07 0.25 0.50 1.89 0.04 1.74 0.05 0.06 1.05 1.31 1.27 2.27 70.00 

Min 2.32 0.03 0.00 0.00 1.91 0.01 0.01 0.03 0.22 0.01 0.05 0.00 0.01 0.10 0.50 0.01 0.25 59.30 

CV 0.30 0.62 0.41 0.57 0.29 0.56 1.48 0.70 0.51 0.31 0.89 0.50 0.41 0.58 0.21 1.60 0.71 0.05 
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Table 2.31: Statistical results of chemical characterisation (µg/m3) of PM2.5 at GCRF for summer (S) season 

GCRF (S) PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 66.72 13.63 7.12 0.25 4.00 2.74 3.02 0.97 1.80 0.73 0.31 0.67 1.28 0.92 1.87 4.81 0.10 0.98 

SD 15.04 4.83 4.17 0.09 0.99 0.98 1.15 0.36 0.49 0.12 0.16 0.16 0.49 0.47 0.63 1.51 0.07 0.17 

Max 93.13 20.53 16.99 0.38 5.80 4.86 5.55 1.77 2.64 0.85 0.77 0.91 2.33 2.24 2.64 7.65 0.28 1.19 

Min 45.88 6.60 3.07 0.09 1.48 1.13 1.64 0.53 0.97 0.51 0.15 0.36 0.68 0.39 0.87 2.33 0.04 0.65 

CV 0.23 0.35 0.59 0.35 0.25 0.36 0.38 0.37 0.27 0.17 0.51 0.25 0.38 0.51 0.34 0.31 0.69 0.18 

GCRF (S) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 1.44 0.03 0.00 0.03 1.07 0.01 0.02 0.05 0.78 0.01 0.41 0.01 0.01 0.38 0.62 0.05 0.63 72.07 

SD 0.40 0.02 0.00 0.02 0.35 0.00 0.05 0.03 0.51 0.00 0.36 0.00 0.00 0.25 0.32 0.07 0.50 2.42 

Max 1.98 0.08 0.01 0.07 1.75 0.02 0.20 0.13 1.87 0.02 1.36 0.02 0.02 0.92 1.07 0.28 1.83 76.69 

Min 0.75 0.01 0.00 0.00 0.56 0.00 0.00 0.01 0.09 0.01 0.03 0.00 0.01 0.09 0.14 0.01 0.17 68.06 

CV 0.28 0.60 0.42 0.59 0.33 0.56 2.42 0.64 0.66 0.32 0.86 0.50 0.32 0.65 0.51 1.35 0.79 0.03 

 

Table 2.32: Correlation matrix for PM10 and its composition at GCRF for winter season 

GCRF (W) PM₁₀ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₁₀ 1.00 0.89 0.89 0.83 0.28 0.08 0.70 0.75 -0.07 0.81 0.66 -0.05 -0.12 0.91 

TC   1.00 0.98 0.95 0.14 0.10 0.70 0.56 -0.35 0.77 0.72 -0.06 -0.08 0.66 

OC     1.00 0.88 0.22 0.16 0.68 0.61 -0.30 0.77 0.73 0.00 -0.04 0.65 

EC       1.00 -0.01 -0.01 0.68 0.44 -0.41 0.72 0.66 -0.14 -0.13 0.63 

NO₃⁻         0.03 0.37 1.00 0.37 -0.18 0.60 0.78 -0.02 -0.12 0.51 

SO₄⁻²         0.58 -0.11   1.00 0.30 0.73 0.49 0.00 0.08 0.72 

NH₄⁺         0.29 -0.04     0.05 1.00 0.54 -0.13 0.03 0.67 

Metals         0.30 -0.05     0.13   0.47 -0.12 -0.22 1.00 
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Table 2.33: Correlation matrix for PM2.5 and its composition at GCRF for winter season 

GCRF (W) PM₂.₅ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₂.₅ 1.00 0.84 0.84 0.79 0.31 0.12 0.94 0.80 0.22 0.86 0.60 -0.04 -0.15 0.91 

TC   1.00 0.98 0.96 0.09 0.25 0.85 0.61 -0.19 0.77 0.64 -0.08 -0.09 0.59 

OC     1.00 0.88 0.18 0.31 0.85 0.65 -0.15 0.78 0.63 -0.01 -0.04 0.57 

EC       1.00 -0.03 0.15 0.80 0.52 -0.24 0.71 0.60 -0.15 -0.16 0.57 

NO₃⁻         0.21 0.33 1.00 0.72 0.12 0.74 0.64 -0.03 -0.29 0.77 

SO₄⁻²         0.54 -0.09   1.00 0.42 0.74 0.37 -0.08 -0.11 0.68 

NH₄⁺         0.25 -0.12     0.16 1.00 0.52 -0.19 0.04 0.76 

Metals         0.32 -0.07     0.39   0.49 -0.08 -0.13 1.00 

 

Table 2.34: Correlation matrix for PM10 and its composition at GCRF for summer season 

GCRF (S) PM₁₀ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₁₀ 1.00 0.69 0.69 0.60 -0.35 0.01 0.37 0.62 -0.22 0.60 0.54 -0.50 0.86 0.91 

TC   1.00 0.96 0.92 -0.38 -0.21 -0.12 0.41 -0.19 0.45 0.31 -0.04 0.27 0.37 

OC     1.00 0.77 -0.48 -0.31 -0.19 0.43 -0.28 0.51 0.31 -0.04 0.27 0.36 

EC       1.00 -0.19 -0.04 -0.01 0.33 -0.02 0.30 0.27 -0.04 0.23 0.32 

NO₃⁻         0.31 0.71 1.00 0.32 0.29 0.16 0.51 -0.49 0.51 0.49 

SO₄⁻²         0.09 0.37   1.00 -0.02 0.61 0.31 -0.11 0.43 0.49 

NH₄⁺         -0.41 0.12     -0.31 1.00 0.25 -0.32 0.46 0.47 

Metals         -0.28 0.05     -0.17   0.51 -0.62 0.96 1.00 
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Table 2.35: Correlation matrix for PM2.5 and its composition at GCRF for summer season 

GCRF (S) PM₂.₅ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₂.₅ 1.00 0.76 0.73 0.71 -0.08 0.31 0.29 0.74 0.11 0.62 0.62 -0.08 0.58 0.65 

TC   1.00 0.95 0.93 -0.41 -0.25 -0.23 0.39 -0.24 0.41 0.31 0.01 0.04 0.03 

OC     1.00 0.77 -0.51 -0.34 -0.29 0.45 -0.32 0.50 0.28 0.02 0.06 -0.02 

EC       1.00 -0.24 -0.11 -0.13 0.27 -0.11 0.25 0.31 0.01 0.02 0.09 

NO₃⁻         0.41 0.66 1.00 0.07 0.52 -0.01 0.48 -0.31 0.64 0.74 

SO₄⁻²         0.10 0.36   1.00 0.09 0.65 0.48 0.17 0.47 0.65 

NH₄⁺         -0.39 0.09     -0.20 1.00 0.39 -0.19 0.44 0.40 

Metals         0.43 0.84     0.55   0.64 -0.07 0.77 1.00 
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2.4.3 St. John Industrial Firozabad (SJIF)  

The sampling period was December 09 – December 23, 2022, for winter and May 19 – June 

02, 2023, for summer.  

2.4.3.1 Particulate Matter (PM10, PM2.5) 

Time series of 24-hr average concentrations of PM10 and PM2.5 at SJIF are shown for winter 

(Figure 2.29) and summer (Figure 2.30). Average levels at this site were: PM2.5: 291±100 

(winter) and 56±15 µg/m3 (summer), and PM10: 379±96 (winter) and 148±59 µg/m3 (summer). 

The PM2.5 levels were 4.8 times (higher) in winter and in compliance in the summer season 

compared to the NAAQS (PM2.5: 60 µg/m3). The PM10 levels were 3.8 times (higher) in winter 

and 1.5 times (higher) in the summer season compared to the NAAQS (PM10: 100 µg/m3). 

In summer, PM2.5 levels drop significantly compared to PM10 levels that lie above the NAAQS 

despite improvements in meteorology and better dispersion. The particles airborne from the 

soil during dust storms in the dry months of summer can contribute significantly to a coarse 

fraction (i.e., PM2.5-10). PM10 levels show a rise in concentration compared to winter seasons. 

The corresponding CPCB air quality index (AQI) is 544 (PM2.5) and 544 (PM10) for winter, 

which falls in the category of severe. For summer AQI is 193 (for PM2.5) and 236 (for PM10), 

which falls in the category of poor. 

 

Figure 2.29: PM Concentrations at SJIF, Winter 
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Figure 2.30: PM Concentrations at SJIF, Summer 

2.4.3.2 Gaseous pollutants 

Time series of 24-hr average concentrations of SO2 and NO2 are shown for the winter (Figure 

2.31) and summer (Figure 2.32) seasons. It was observed that SO2 concentrations were low 

(mostly < 3.0 µg/m3) and met the air quality standard. NO2 levels also meet the national 

standard (80 µg/m3) with an average of 15 days at 56±15 µg/m3 in winter and 29±7 µg/m3 in 

the summer season (Table 2.36). The summer concentration of NO2 dropped; NO2 levels are 

meeting the standard, but it is a matter of concern as NO2 is largely attributed to vehicular 

pollution, which is on the rise. Variation in NO2 is due to variability in meteorology and the 

presence of occasional local sources like DG sets, traffic jams or local open burning, etc.  

The Mean concentrations of benzene, toluene, p-xylene and o-xylene (BTX) are presented in 

Figure 2.33 and the statistical summary is in Table 2.36. The total BTX level is observed 

10.57±4.9 µg/m3 (Benzene: 0.77 and Toluene: 0.23 µg/m3) in winter and 3.53±0.72 µg/m3 

(Benzene: 0.32 and Toluene: 0.05 µg/m3) in summer seasons. The BTX levels were higher 

during winter than in the summer.  
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Figure 2.31: SO2 and NO2 Concentrations at SJIF for Winter Season 

 

Figure 2.32: SO2 and NO2 Concentrations at SJIF for Summer Season 

 

Figure 2.33: VOCs concentration at SJIF 
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2.4.3.3 Carbon Content (EC/OC) in PM2.5 

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to 

TC are shown in Figure 2.34 (a) and (b) for winter and summer seasons. Organic carbon is 

observed to be higher (winter: 34.13±8.56 and summer: 9.22±2.28 µg/m3) than the elemental 

carbon (winter: 19.33±9.89 and summer: 3.65±1.8 µg/m3). It is also observed that the OC and 

EC are higher in the winter than in the summer. A statistical summary of carbon content (OC1, 

OC2, OC3, OC4; OC, EC, TC with fractions OC1/TC, OC2/TC, OC3/TC and OC4/TC) is 

presented in Table 2.37 for winter and summer. The ratio of OC2/TC is observed to be higher, 

which indicates the formation of primary organic carbon in the atmosphere at SJIF.  

 

Figure 2.34: EC and OC Content in PM2.5 at SJIF 

2.4.3.4 PAHs in PM2.5 
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Dmp (5.54 ng/m3 and 7.81 ng/m3), Phe (9.45 ng/m3 and 5.37 ng/m3) and AcP (7.07 ng/m3 and 

5.79 ng/m3) in both winter and summer seasons.  

 

Figure 2.35: PAHs Concentrations in PM2.5 at SJIF 
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Figure 2.36: Molecular Markers in PM2.5 at SJIF 

2.4.3.6 Chemical Composition of PM10 and PM2.5 and their correlation matrix 

Graphical presentations of chemical species are shown for the winter and summer seasons for 

PM10 (Figure 2.37) and PM2.5 (Figure 2.38). Statistical summary for particulate matter (PM10 
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Figure 2.37: Concentrations of species in PM10 at SJIF 

 

Figure 2.38: Concentrations of species in PM2.5 at SJIF 
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Figure 2.39: Percentage distribution of species in PM at SJIF for Winter Season 
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2.4.3.7 Comparison of PM10 and PM2.5 Composition 

This section presents some important observations from the experimental findings related to 

fine particles and PM10 concentrations. The graphical presentation is a better option for 

understanding the compositional variation. Compositional comparison of PM2.5 vs PM10 for all 

species is shown for winter and summer seasons (Figure 2.41) at SJIF.  

The chemical species considered for the comparisons are carbon content (TC, OC and EC), 

ionic species (F⁻, Cl⁻, NO₃⁻,  SO₄⁻², Na⁺, NH₄⁺, K⁺, Ca⁺², Mg⁺²) and elements (Na, Mg, Al, Si, 

P, K, Ca, Cr, V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba, Pb). It is concluded that 

most of the PM has fine mode during winter (77 %) than summer (38 %). The major species 

contributing to fine mode are TC, OC, EC, NO₃⁻, SO₄², Na⁺, NH₄⁺, K⁺, V, Zn and Pb. 

 

Figure 2.41: Compositional comparison of species in PM2.5 Vs PM10 at SJIF  
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Table 2.36: Statistical results of gaseous pollutants (µg/m3) at SJIF for winter (W) and summer (S) seasons 

SJIF (W) NO2 SO2 Benzene Toluene p-Xylene o-Xylene Total (BTX) 

Mean 55.70 2.05 0.77 0.23 5.42 4.16 11.34 

SD 15.24 0.11 0.19 0.17 4.04 2.42 5.26 

Max 91.71 2.37 1.11 0.54 11.63 8.64 17.37 

Min 32.05 2.00 0.53 0.08 1.61 1.13 3.94 

CV 0.27 0.05 0.24 0.75 0.75 0.58 0.46 

SJIF (S) NO2 SO2 Benzene Toluene p-Xylene o-Xylene Total (BTX) 

Mean 28.59 2.00 0.32 0.05 2.47 0.69 3.53 

SD 6.78 0.01 0.02 0.00 0.49 0.54 0.72 

Max 46.83 2.02 0.35 0.05 3.21 1.42 4.45 

Min 17.99 2.00 0.29 0.04 1.97 0.11 2.46 

CV 0.24 0.00 0.07 0.07 0.20 0.79 0.20 

Table 2.37: Statistical results of carbon contents (µg/m3) in PM2.5 at SJIF for winter (W) and summer (S) seasons 

SJIF (W) PM2.5 TC OC EC OC1 OC2 OC3 OC4 OC1/TC OC2/TC OC3/TC OC4/TC 

Mean 290.70 53.45 34.13 19.33 1.31 12.31 12.26 8.25 0.02 0.24 0.23 0.16 

SD 99.85 17.92 8.56 9.89 1.37 3.42 3.72 2.01 0.02 0.04 0.02 0.04 

Max 437.00 83.22 47.92 39.83 4.07 20.16 17.62 12.77 0.05 0.30 0.25 0.26 

Min 139.00 28.29 22.19 6.10 0.02 8.26 7.21 5.65 0.00 0.19 0.20 0.08 

CV 0.34 0.34 0.25 0.51 1.04 0.28 0.30 0.24 0.83 0.15 0.08 0.27 

SJIF (S) PM2.5 TC OC EC OC1 OC2 OC3 OC4 OC1/TC OC2/TC OC3/TC OC4/TC 

Mean 56.29 12.87 9.22 3.65 0.09 3.76 2.92 2.45 0.01 0.30 0.23 0.19 

SD 14.89 3.91 2.28 1.80 0.33 0.98 0.65 1.02 0.02 0.07 0.03 0.04 

Max 88.00 22.21 14.59 7.62 1.27 6.06 4.48 4.69 0.08 0.44 0.28 0.24 

Min 34.00 9.00 6.45 1.71 0.00 2.24 1.95 1.37 0.00 0.15 0.19 0.13 

CV 0.26 0.30 0.25 0.50 3.49 0.26 0.22 0.42 3.31 0.23 0.13 0.21 
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Table 2.38: Statistical results of PAHs (ng/m3) in PM2.5 at SJIF for winter (W) and summer (S) seasons  

SJIF 

(W) 
DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P 

Total 

PAHs 

Mean 5.54 7.07 7.04 7.84 9.45 2.48 3.95 2.48 4.28 5.91 4.62 6.36 1.32 5.83 1.82 0.06 3.38 79.43 

SD 7.05 4.29 6.63 6.87 9.31 1.88 3.33 2.67 1.83 11.19 3.36 7.47 2.04 7.66 2.63 0.07 4.32 32.80 

Max 20.81 11.14 20.99 19.84 30.07 6.56 11.02 8.38 8.16 30.60 10.91 22.62 5.88 22.87 7.61 0.20 13.00 128.00 

Min 1.39 0.50 2.16 0.90 4.16 0.96 1.06 0.83 3.04 0.35 1.02 1.10 0.19 1.33 0.08 0.00 0.78 52.25 

CV 1.27 0.61 0.94 0.88 0.99 0.76 0.84 1.07 0.43 1.89 0.73 1.17 1.55 1.32 1.44 1.12 1.28 0.41 

SJIF 

(S) 
DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P 

Total 

PAHs 

Mean 7.81 5.79 3.08 0.56 5.37 1.40 0.97 0.22 2.51 0.41 0.23 0.11 0.06 0.12 0.01 0.00 0.23 28.89 

SD 4.98 7.22 2.45 0.77 10.73 2.64 0.94 0.31 2.09 0.45 0.18 0.10 0.01 0.14 0.03 0.00 0.11 28.00 

Max 15.62 20.36 7.97 1.99 27.09 6.76 2.53 0.85 5.71 1.33 0.59 0.31 0.08 0.41 0.08 0.00 0.44 85.50 

Min 3.62 1.11 1.30 0.00 0.00 0.08 0.00 0.08 0.43 0.20 0.14 0.06 0.06 0.06 0.00 0.00 0.16 14.10 

CV 0.64 1.25 0.80 1.38 2.00 1.89 0.97 1.42 0.83 1.11 0.79 0.91 0.16 1.16 2.45 #DIV/0! 0.47 0.97 
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Table 2.39: Statistical results of molecular markers (ng/m3) in PM2.5 at SJIF for winter (W) and summer (S) seasons  

SJIF (W) Tritriacontane Hentriacontane Pentriacontane 
17 β(H) 

21β(H)_hopane 

17 α(H) 

21α(H)_hopane 

17 α(H) - 22,29,30 - 

Trisnorhopane 
Total 

Mean 125.25 59.08 43.98 25.08 3.74 0.48 257.61 

SD 13.77 24.40 13.64 3.34 1.82 0.18 44.16 

CV 0.11 0.41 0.31 0.13 0.49 0.37 0.17 

SJIF (S) Tritriacontane Hentriacontane Pentriacontane 
17 β(H) 

21β(H)_hopane 

17 α(H) 

21α(H)_hopane 

17 α(H) - 22,29,30 - 

Trisnorhopane 
Total 

Mean 1.35 5.72 2.37 12.99 0.71 0.38 23.52 

SD 0.56 0.18 0.66 6.74 0.24 0.19 6.57 

CV 0.41 0.03 0.28 0.52 0.35 0.50 0.28 

 

Table 2.40: Statistical results of chemical characterisation (µg/m3) of PM10 at SJIF for winter (W) season 

SJIF PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 379 48.8 23.3 0.4 13.6 27.7 25.0 3.7 10.3 2.2 0.3 7.3 4.84 0.90 16.77 43.53 0.07 3.07 

SD 99 12.2 11.9 0.1 4.7 12.4 8.6 1.4 5.3 0.9 0.1 3.2 1.82 0.24 5.34 13.77 0.02 1.57 

Max 545 68.5 48.0 0.5 22.7 58.5 38.6 5.4 17.9 4.0 0.6 16.5 7.52 1.29 29.18 69.68 0.11 8.05 

Min 237 31.7 7.3 0.3 6.4 7.4 12.0 1.4 2.1 0.9 0.2 3.1 1.95 0.56 12.07 27.19 0.04 0.98 

CV 0.26 0.25 0.51 0.16 0.34 0.45 0.34 0.38 0.52 0.40 0.40 0.43 0.38 0.27 0.32 0.32 0.31 0.51 

SJIF Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 15.14 0.02 0.00 0.03 12.36 0.00 0.00 0.03 0.70 0.09 0.25 0.01 0.01 0.48 0.02 0.03 0.64 65.3 

SD 5.83 0.01 0.00 0.01 3.48 0.00 0.00 0.01 0.41 0.03 0.27 0.00 0.00 0.56 0.01 0.01 0.32 2.6 

Max 28.39 0.04 0.01 0.05 17.79 0.01 0.01 0.06 1.84 0.16 0.92 0.01 0.01 1.73 0.04 0.04 1.25 70.6 

Min 8.00 0.01 0.00 0.02 7.69 0.00 0.00 0.01 0.26 0.04 0.02 0.00 0.00 0.02 0.01 0.02 0.21 61.0 

CV 0.38 0.63 0.30 0.28 0.28 0.29 0.59 0.40 0.59 0.33 1.07 0.33 0.26 1.17 0.40 0.23 0.50 0.04 
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Table 2.41: Statistical results of chemical characterisation (µg/m3) of PM2.5 at SJIF for winter (W) season 

SJIF (W) PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 291 34.1 19.3 0.3 10.6 21.7 19.4 2.9 7.9 1.7 0.2 5.5 3.34 0.62 12.85 34.46 0.04 2.28 

SD 100 8.6 9.9 0.0 3.7 9.6 6.9 1.1 4.1 0.7 0.1 2.3 1.26 0.15 5.28 14.90 0.02 1.00 

Max 437 47.9 39.8 0.4 18.8 39.8 29.7 4.5 13.4 3.2 0.4 12.2 5.18 0.86 22.54 60.43 0.06 5.40 

Min 139 22.2 6.1 0.3 4.5 5.8 9.0 1.1 1.5 0.6 0.1 2.8 1.33 0.40 5.85 13.47 0.01 0.93 

CV 0.34 0.25 0.51 0.12 0.35 0.44 0.35 0.40 0.51 0.40 0.41 0.41 0.38 0.24 0.41 0.43 0.47 0.44 

SJIF (W) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 12.26 0.01 0.00 0.02 9.76 0.00 0.00 0.03 0.59 0.06 0.22 0.01 0.00 0.40 0.02 0.01 0.54 65.9 

SD 6.58 0.01 0.00 0.01 4.16 0.00 0.00 0.01 0.34 0.02 0.23 0.00 0.00 0.46 0.01 0.00 0.27 2.3 

Max 27.09 0.03 0.00 0.04 17.00 0.01 0.00 0.05 1.49 0.12 0.77 0.01 0.00 1.49 0.04 0.02 1.08 69.4 

Min 4.98 0.00 0.00 0.01 4.12 0.00 0.00 0.01 0.22 0.03 0.02 0.00 0.00 0.02 0.01 0.01 0.18 61.1 

CV 0.54 0.72 0.38 0.42 0.43 0.27 0.53 0.40 0.58 0.31 1.08 0.48 0.18 1.16 0.41 0.18 0.51 0.03 

Table 2.42: Statistical results chemical characterisation (µg/m3) of PM10 at SJIF for summer (S) season 

SJIF (S) PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 148 13.2 4.4 0.5 6.2 4.4 7.0 2.5 3.5 1.1 0.5 2.4 3.31 1.56 8.82 21.55 0.33 1.45 

SD 61 3.3 2.2 0.2 2.2 2.0 2.7 0.6 1.8 0.2 0.2 1.3 0.85 0.49 5.79 12.46 0.17 0.23 

Max 286 20.8 9.2 0.9 9.9 8.4 12.7 4.4 6.7 1.5 1.0 5.2 5.84 3.12 22.21 48.98 0.72 1.99 

Min 94 9.2 2.1 0.3 2.6 1.0 2.1 1.7 0.5 0.8 0.4 0.9 2.18 1.14 2.93 7.75 0.10 1.10 

CV 0.41 0.25 0.50 0.35 0.36 0.45 0.39 0.25 0.52 0.16 0.28 0.54 0.26 0.32 0.66 0.58 0.52 0.16 

SJIF (S) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 5.95 0.05 0.02 0.12 4.90 0.03 0.02 0.12 0.99 0.03 0.76 0.03 0.04 0.87 0.11 0.08 1.07 63.02 

SD 3.36 0.03 0.01 0.07 3.02 0.01 0.01 0.08 0.51 0.01 0.58 0.02 0.03 1.26 0.06 0.07 0.47 4.93 

Max 12.90 0.12 0.04 0.25 11.67 0.04 0.04 0.31 1.80 0.04 2.00 0.07 0.11 4.35 0.20 0.26 1.87 72.50 

Min 1.97 0.02 0.01 0.03 1.75 0.01 0.01 0.05 0.23 0.01 0.16 0.01 0.01 0.06 0.01 0.00 0.29 55.84 

CV 0.56 0.50 0.55 0.62 0.62 0.41 0.34 0.70 0.51 0.42 0.77 0.46 0.78 1.45 0.55 0.85 0.44 0.08 
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Table 2.43: Statistical results of chemical characterisation (µg/m3) of PM2.5 at SJIF for summer (S) season 

SJIF (S)  PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 56 9.2 3.6 0.3 3.4 2.4 3.8 1.4 2.0 0.6 0.3 0.7 1.80 0.89 1.89 4.96 0.10 0.81 

SD 15 2.3 1.8 0.1 1.3 1.1 1.4 0.3 1.1 0.1 0.1 0.3 0.43 0.25 0.61 1.85 0.06 0.14 

Max 88 14.6 7.6 0.5 5.5 4.3 6.7 2.3 3.7 0.9 0.6 1.3 3.10 1.63 3.01 8.47 0.21 1.20 

Min 34 6.5 1.7 0.2 1.4 0.6 1.2 1.0 0.2 0.5 0.2 0.4 1.35 0.58 0.99 2.55 0.02 0.67 

CV 0.26 0.25 0.50 0.27 0.38 0.45 0.36 0.23 0.55 0.15 0.28 0.41 0.24 0.28 0.32 0.37 0.61 0.17 

SJIF (S) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 1.47 0.02 0.005 0.032 1.100 0.008 0.006 0.035 0.621 0.008 0.314 0.010 0.011 0.458 0.034 0.019 0.64 71.20 

SD 0.56 0.01 0.002 0.016 0.437 0.004 0.004 0.025 0.495 0.002 0.364 0.005 0.004 0.857 0.026 0.011 0.49 2.12 

Max 2.49 0.06 0.009 0.060 1.870 0.016 0.015 0.093 1.627 0.010 1.233 0.018 0.017 3.120 0.102 0.036 1.59 74.79 

Min 0.83 0.00 0.002 0.007 0.559 0.003 0.002 0.011 0.088 0.005 0.032 0.003 0.004 0.010 0.002 0.004 0.15 67.84 

CV 0.38 0.83 0.403 0.493 0.397 0.522 0.600 0.707 0.798 0.243 1.160 0.569 0.392 1.873 0.783 0.565 0.77 0.03 

 

Table 2.44: Correlation matrix for PM10 and its composition at SJIF for winter season 

SJIF (W) PM₁₀ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₁₀ 1.00 0.79 0.85 0.67 0.46 0.52 0.89 0.90 -0.53 0.86 0.62 -0.15 0.42 0.87 

TC   1.00 0.97 0.97 0.28 0.40 0.84 0.76 -0.58 0.85 0.58 -0.43 0.05 0.41 

OC     1.00 0.89 0.37 0.48 0.82 0.77 -0.58 0.84 0.59 -0.37 0.09 0.53 

EC       1.00 0.16 0.30 0.81 0.71 -0.55 0.81 0.54 -0.47 0.01 0.26 

NO₃⁻         0.27 0.45 1.00 0.89 -0.44 0.84 0.53 -0.20 0.31 0.63 

SO₄⁻²         0.54 0.43   1.00 -0.36 0.93 0.59 -0.27 0.48 0.72 

NH₄⁺         0.52 0.45     -0.41 1.00 0.65 -0.25 0.39 0.61 

Metals         0.43 0.35     -0.44   0.45 0.03 0.61 1.00 
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Table 2.45: Correlation matrix for PM2.5 and its composition at SJIF for winter season 

SJIF (W) PM₂.₅ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₂.₅ 1.00 0.76 0.83 0.66 0.55 0.50 0.95 0.93 -0.50 0.91 0.56 -0.12 0.55 0.95 

TC   1.00 0.97 0.98 0.36 0.36 0.83 0.78 -0.56 0.87 0.57 -0.27 0.08 0.54 

OC     1.00 0.89 0.48 0.45 0.85 0.83 -0.56 0.86 0.59 -0.18 0.13 0.64 

EC       1.00 0.24 0.26 0.77 0.69 -0.53 0.83 0.53 -0.33 0.03 0.42 

NO₃⁻         0.44 0.52 1.00 0.94 -0.42 0.93 0.53 -0.14 0.38 0.85 

SO₄⁻²         0.55 0.48   1.00 -0.34 0.93 0.57 -0.12 0.43 0.84 

NH₄⁺         0.49 0.41     -0.41 1.00 0.63 -0.23 0.38 0.77 

Metals         0.51 0.42     -0.45   0.45 -0.08 0.71 1.00 

 

 

Table 2.46: Correlation matrix for PM10 and its composition at SJIF for summer season 

SJIF (S) PM₁₀ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₁₀ 1.00 0.76 0.78 0.65 0.35 0.38 0.52 0.31 0.17 0.45 0.62 0.21 0.97 0.99 

TC   1.00 0.97 0.94 0.21 0.46 0.59 0.50 -0.08 0.49 0.61 -0.01 0.60 0.67 

OC     1.00 0.83 0.28 0.55 0.61 0.44 0.00 0.50 0.59 0.09 0.62 0.69 

EC       1.00 0.07 0.28 0.48 0.53 -0.18 0.43 0.57 -0.15 0.52 0.56 

NO₃⁻         -0.01 0.78 1.00 -0.07 0.20 0.79 0.56 0.16 0.39 0.44 

SO₄⁻²         0.15 -0.33   1.00 -0.01 0.07 0.22 -0.05 0.25 0.26 

NH₄⁺         -0.04 0.68     -0.06 1.00 0.49 -0.06 0.30 0.37 

Metals         0.37 0.31     0.21   0.58 0.25 0.99 1.00 
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Table 2.47: Correlation matrix for PM2.5 and its composition SJIF for summer season 

SJIF (S) PM₂.₅ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₂.₅ 1.00 0.79 0.78 0.74 -0.02 0.65 0.79 0.38 -0.04 0.82 0.62 0.00 0.78 0.91 

TC   1.00 0.97 0.94 0.10 0.28 0.45 0.45 -0.04 0.40 0.51 -0.03 0.70 0.50 

OC     1.00 0.83 0.18 0.35 0.47 0.37 0.05 0.41 0.54 0.08 0.69 0.50 

EC       1.00 -0.01 0.15 0.38 0.51 -0.14 0.36 0.43 -0.17 0.65 0.46 

NO₃⁻         -0.03 0.83 1.00 -0.10 0.21 0.81 0.67 0.20 0.58 0.80 

SO₄⁻²         0.00 -0.36   1.00 -0.10 0.08 0.19 -0.04 0.24 0.31 

NH₄⁺         -0.02 0.79     -0.04 1.00 0.62 -0.01 0.55 0.91 

Metals         -0.10 0.73     -0.05   0.54 -0.01 0.60 1.00 
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2.4.4 Gauri Shanker Kotla Firozabad (GSKF)  

The sampling period was December 14 – December 28, 2022, for winter and May 19 – June 

02, 2023, for summer.  

2.4.4.1 Particulate Matter (PM10, PM2.5) 

Time series of 24-hr average concentrations of PM10 and PM2.5 at GSKF are shown for winter 

(Figure 2.42) and summer (Figure 2.43). Average levels at this site were: PM2.5: 270 ± 83 

(winter) and 60±17 µg/m3 (summer), and PM10: 352 ± 89 (winter) and 107±40 µg/m3 

(summer). The PM2.5 levels were 4.7 times (higher) in winter and in compliance with the 

NAAQS (PM2.5: 60 µg/m3) in the summer season. The PM10 levels were 3.8 times (higher) in 

winter and 1.4 times higher in summer compared with the NAAQS (PM10: 100 µg/m3).  

In summer, PM2.5 levels drop significantly compared to PM10 levels, which continued to be 

slightly high despite improvements in meteorology and better dispersion. The particles airborne 

from the soil during dust storms in the dry months of summer can contribute significantly to a 

coarse fraction (i.e., PM2.5-10). The PM10 levels show the same levels in both seasons despite 

improvements in meteorology and better dispersion. 

The corresponding CPCB air quality index (AQI) is 519 (PM2.5) and 494 (PM10) for winter, 

which falls in the category of severe. For summer AQI is 193 (for PM2.5) and 151 (for PM10), 

which falls in the category of moderate. 

 

Figure 2.42: PM Concentrations at GSKF, Winter 
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Figure 2.43: PM Concentrations at GSKF, Summer 

2.4.4.2 Gaseous pollutants 

Time series of 24-hr average concentrations of SO2 and NO2 are shown for the winter (Figure 

2.44) and summer (Figure 2.45) seasons. It was observed that SO2 concentrations were low 

(mostly < 3.0 µg/m3) and met the air quality standard. NO2 levels also meet the national 

standard (80 µg/m3) with an average of 15 days at 37±11 µg/m3 in winter and 25±7 µg/m3 in 

the summer season (Figure 2.44). The summer concentration of NO2 dropped and half in 

winter. NO2 levels are meeting the standard; it is a matter of concern as NO2 is largely attributed 

to vehicular pollution, which is on the rise. Variation in NO2 is due to variability in meteorology 

and the presence of occasional local sources like DG sets, traffic jams or local open burning, 

etc. 

The Mean concentrations of benzene, toluene, p-xylene and o-xylene (BTX) are presented in 

Figure 2.46 and the statistical summary is in Table 2.48 The total BTX level is observed 5.8±2.0 

µg/m3 (Benzene: 0.59 and Toluene: 0.16 µg/m3) in winter and 3.10±1.3 µg/m3 (Benzene: 0.24 

and Toluene: 0.04 µg/m3) in summer seasons. The BTX levels were higher during winter than 

in the summer.  
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Figure 2.44: SO2 and NO2 Concentrations at GSKF for Winter Season 

 

Figure 2.45: SO2 and NO2 Concentrations at GSKF for Summer Season 

 

Figure 2.46: VOCs concentration at GSKF 
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2.4.4.3 Carbon Content (EC/OC) in PM2.5 

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to 

TC are shown in Figure 2.47 (a) and (b) for winter and summer seasons. Organic carbon is 

observed to be higher (winter: 34.24±8.76 and summer: 10.19±3.42 µg/m3) than the elemental 

carbon (winter: 20.73±7 and summer: 3.04±1.05 µg/m3). It is also observed that the OC and 

EC are higher in the winter than in the summer. A statistical summary of carbon content (OC1, 

OC2, OC3, OC4; OC, EC, TC with fractions OC1/TC, OC2/TC, OC3/TC and OC4/TC) is 

presented in Table 2.49 for winter and summer. The ratio of OC2/TC is observed to be higher, 

which indicates the formation of primary organic carbon in the atmosphere at GSKF. 

 

Figure 2.47: EC and OC Content in PM2.5 at GSKF 

2.4.4.4 PAHs in PM2.5 

The concentrations of PAHs (from solid phase only) with some specific markers were analysed. 
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summer seasons. The PAHs compounds analyzed were: (i) Di methyl Phthalate (DmP), (ii) 

Acenaphthylene (AcP), (iii) Di ethyl Phthalate (DEP), (iv) Fluorene (Flu), (v) Phenanthrene 
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ethylhexyl) adipate (BeA), (x) Benzo(a)anthracene (B(a)A), (xi) Chrysene (Chr), (xii) 

Benzo(b)fluoranthene (B(b)F), (xiii) Benzo(k)fluoranthene (B(k)F), (xiv) Benzo(a)pyrene 

(B(a)P), (xv) Indeno(1,2,3-cd)pyrene (InP), (xvi) Dibenzo(a,h)anthracene (D(a,h)A) and (xvii) 

Benzo(ghi)perylene (B(ghi)P). It is observed that Total PAHs concentrations are higher in the 

winter season (88±21 ng/m3) compared to the summer season (36±19 ng/m3). Major PAHs are 
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Figure 2.48: PAHs Concentrations in PM2.5 at GSKF 

2.4.4.5 Molecular Markers in PM2.5 

A total of six molecular markers analysed were: (i) 17α(H)-22,29,30–Trisnorhopane, (ii) 

17α(H)21 α (H)-hopane, (iii) 17β(H)21 β (H)-hopane, (iv) n-Hentriacontane, (v) n-

Tritriacontane and (vi) n-Pentatriacontane. The n-alkanes are generally emitted from all types 

of combustion sources, and hopanes from combustion of coal (C), gasoline (G) and diesel (D).  

Figure 2.10 and Table 2.51 show the levels of six molecular markers. Total concentration of 
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Figure 2.49: Molecular Markers in PM2.5 at GSKF 

2.4.4.6 Chemical Composition of PM10 and PM2.5 and their correlation matrix 

Graphical presentations of chemical species are shown for the winter and summer seasons at 

GSKF for PM10 (Figure 2.50) and PM2.5 (Figure 2.51). Statistical summary for particulate 
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Figure 2.50: Concentrations of species in PM10 at GSKF 

 

Figure 2.51: Concentrations of species in PM2.5 at GSKF 
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Figure 2.52: Percentage distribution of species in PM at GSKF for Winter Season  

 

 

Figure 2.53: Percentage distribution of species in PM at GSKF for Summer Season 
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2.4.4.7 Comparison of PM10 and PM2.5 Composition 

This section presents some important observations from the experimental findings related to 

fine particles and PM10 concentrations. The graphical presentation is a better option for 

understanding the compositional variation. Compositional comparison of PM2.5 vs PM10 for all 

species is shown for winter and summer seasons (Figure 2.54) at GSKF.  

The chemical species considered for the comparisons are carbon content (TC, OC and EC), 

ionic species (F⁻, Cl⁻, NO₃⁻,  SO₄⁻², Na⁺, NH₄⁺, K⁺, Ca⁺², Mg⁺²) and elements (Na, Mg, Al, Si, 

P, K, Ca, Cr, V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba, Pb). It is concluded that 

most of the PM has fine mode during winter (77 %) than summer (56 %). The major species 

contributing to fine mode are TC, OC, EC, NO₃⁻, SO₄², Na⁺, NH₄⁺, K⁺, V, Zn and Pb.  

 

Figure 2.54: Compositional comparison of species in PM2.5 Vs PM10 at GSKF  
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Table 2.48: Statistical results of gaseous pollutants (µg/m3) at GSKF for winter (W) and summer (S) seasons 

GSKF (W) NO2 SO2 Benzene Toluene p-Xylene o-Xylene Total (BTX) 

Mean 37.21 2.00 0.59 0.16 3.09 1.98 5.82 

SD 10.87 0.00 0.12 0.15 1.55 0.65 2.07 

Max 52.45 2.00 0.82 0.46 6.00 2.87 9.79 

Min 18.78 2.00 0.47 0.06 1.75 1.12 3.49 

CV 0.29 0.00 0.21 0.96 0.50 0.33 0.36 

GSKF (S) NO2 SO2 Benzene Toluene p-Xylene o-Xylene Total (BTX) 

Mean 24.73 2.00 0.24 0.04 2.47 0.36 3.11 

SD 7.31 0.00 0.03 0.02 1.20 0.13 1.32 

Max 39.39 2.00 0.27 0.05 3.49 0.52 4.33 

Min 15.18 2.00 0.20 0.01 0.39 0.23 0.86 

CV 0.30 0.00 0.10 0.43 0.49 0.36 0.42 

 

Table 2.49: Statistical results of carbon contents (µg/m3) in PM2.5 at GSKF for winter (W) and summer (S) seasons 

GSKF (W) PM2.5 TC OC EC OC1 OC2 OC3 OC4 OC1/TC OC2/TC OC3/TC OC4/TC 

Mean 269.80 54.97 34.24 20.73 0.57 11.20 13.75 8.72 0.01 0.20 0.25 0.17 

SD 82.71 15.31 8.76 7.00 1.00 3.67 3.91 1.79 0.01 0.03 0.02 0.04 

Max 405.00 75.86 46.51 29.64 3.90 17.30 20.36 11.44 0.06 0.25 0.30 0.26 

Min 83.00 20.68 13.44 7.24 0.00 4.44 4.54 4.45 0.00 0.11 0.22 0.10 

CV 0.31 0.28 0.26 0.34 1.77 0.33 0.28 0.20 1.62 0.15 0.10 0.24 

GSKF (S) PM2.5 TC OC EC OC1 OC2 OC3 OC4 OC1/TC OC2/TC OC3/TC OC4/TC 

Mean 59.79 13.23 10.19 3.04 0.10 5.66 2.69 1.73 0.01 0.43 0.20 0.13 

SD 16.95 4.20 3.42 1.05 0.35 2.11 1.64 0.92 0.03 0.12 0.08 0.03 

Max 88.00 23.62 18.28 5.33 1.36 9.49 7.19 4.43 0.12 0.65 0.41 0.19 

Min 42.00 7.29 5.72 1.57 0.00 2.99 1.19 0.79 0.00 0.27 0.13 0.08 

CV 0.28 0.32 0.34 0.34 3.33 0.37 0.61 0.53 3.34 0.27 0.39 0.25 
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Table 2.50: Statistical results of PAHs (ng/m3) in PM2.5 at GSKF for winter (W) and summer (S) seasons 

GSKF 

(W) 
DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P 

Total 

PAHs 

Mean 8.94 8.29 4.31 5.58 9.90 7.61 4.52 1.69 8.35 3.26 5.30 5.97 1.30 6.95 2.20 0.11 3.49 87.74 

SD 6.15 10.62 1.57 5.40 3.35 2.83 2.40 1.02 3.86 2.12 2.84 2.82 0.49 2.43 0.71 0.09 1.12 21.47 

Max 16.37 28.66 6.23 17.36 14.34 11.34 8.69 3.02 13.31 6.21 10.71 11.34 2.02 9.80 3.02 0.28 4.76 130.07 

Min 1.17 0.32 1.95 1.43 4.95 2.21 1.66 0.26 2.92 0.85 2.90 3.45 0.58 3.73 1.12 0.00 2.01 63.05 

CV 0.69 1.28 0.37 0.97 0.34 0.37 0.53 0.60 0.46 0.65 0.54 0.47 0.38 0.35 0.32 0.86 0.32 0.24 

GSKF 

(S) 
DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P 

Total 

PAHs 

Mean 14.84 5.86 4.69 5.46 0.50 0.08 0.62 0.10 2.09 0.27 0.16 0.07 0.07 0.10 0.27 0.15 0.19 35.52 

SD 8.38 3.35 3.57 7.13 0.76 0.14 0.78 0.01 2.82 0.11 0.03 0.01 0.01 0.10 0.42 0.41 0.03 19.43 

Max 30.19 10.59 9.98 18.89 2.14 0.39 1.73 0.12 6.34 0.50 0.21 0.09 0.09 0.32 1.06 1.08 0.25 59.98 

Min 4.46 1.67 0.81 0.08 0.00 0.02 0.00 0.08 0.00 0.19 0.13 0.06 0.06 0.05 0.00 0.00 0.16 10.33 

CV 0.56 0.57 0.76 1.30 1.54 1.74 1.25 0.16 1.35 0.39 0.16 0.16 0.16 0.95 1.57 2.65 0.16 0.55 

 

  

8245



 

73 

Table 2.51: Statistical results of molecular markers (ng/m3) in PM2.5 at GSKF for winter (W) and summer (S) seasons 

GSKF (W) Tritriacontane Hentriacontane Pentriacontane 
17 β(H) 

21β(H)_hopane 

17 α(H) 

21α(H)_hopane 

17 α(H) - 22,29,30 - 

Trisnorhopane 
Total 

Mean 172.43 73.15 55.62 54.23 2.82 0.53 358.79 

SD 40.42 19.12 19.61 64.05 2.87 0.15 63.34 

CV 0.23 0.26 0.35 1.18 1.02 0.29 0.18 

GSKF (S) Tritriacontane Hentriacontane Pentriacontane 
17 β(H) 

21β(H)_hopane 

17 α(H) 

21α(H)_hopane 

17 α(H) - 22,29,30 - 

Trisnorhopane 
Total 

Mean 5.88 6.56 5.56 15.83 0.83 0.53 35.20 

SD 4.70 1.17 0.42 4.48 0.46 0.20 2.49 

CV 0.80 0.18 0.07 0.28 0.55 0.37 0.07 

 

Table 2.52: Statistical results of chemical characterisation (µg/m3) of PM10 at GSKF for winter (W) season 

GSKF PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 352 48.9 25.0 0.3 17.2 21.0 17.1 11.0 12.1 3.6 0.9 4.9 14.73 2.85 14.53 37.83 1.37 4.76 

SD 92 12.5 8.4 0.1 6.9 6.3 5.2 4.5 5.0 1.2 1.4 1.8 5.97 4.58 5.00 13.33 0.79 1.48 

Max 505 66.4 35.7 0.6 34.7 30.5 28.7 18.1 20.3 5.8 5.9 7.8 24.86 18.89 22.90 67.42 2.94 7.37 

Min 142 19.2 8.7 0.2 6.3 6.8 7.8 4.1 2.8 1.5 0.2 1.6 5.61 0.63 5.65 15.21 0.31 2.00 

CV 0.26 0.26 0.34 0.26 0.40 0.30 0.30 0.41 0.42 0.33 1.53 0.36 0.41 1.61 0.34 0.35 0.57 0.31 

GSKF Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 10.86 0.13 0.04 0.41 8.26 0.10 0.02 0.75 0.44 0.05 0.08 0.10 0.08 0.21 0.04 0.12 0.38 68.3 

SD 3.79 0.09 0.01 0.20 2.85 0.04 0.01 0.46 0.10 0.01 0.10 0.04 0.03 0.31 0.02 0.08 0.21 1.7 

Max 17.90 0.34 0.06 0.76 13.89 0.20 0.05 1.89 0.66 0.07 0.28 0.16 0.15 1.10 0.07 0.33 0.78 71.2 

Min 3.86 0.03 0.02 0.08 3.39 0.04 0.00 0.23 0.30 0.02 0.01 0.03 0.04 0.02 0.02 0.01 0.08 64.9 

CV 0.35 0.69 0.37 0.48 0.34 0.44 0.67 0.61 0.22 0.23 1.15 0.37 0.38 1.45 0.37 0.63 0.55 0.03 
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Table 2.53: Statistical results of chemical characterisation (µg/m3) of PM2.5 at GSKF for winter (W) season 

GSKF (W) PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 270 34.2 20.7 0.2 13.6 18.1 14.8 8.1 9.2 2.6 0.7 3.7 10.68 1.81 10.94 29.18 1.06 3.41 

SD 86 8.8 7.0 0.1 6.1 6.6 5.6 2.9 4.0 0.7 0.9 1.5 3.89 2.52 5.02 12.51 0.69 0.95 

Max 405 46.5 29.6 0.4 31.4 28.8 28.0 14.2 15.4 3.7 3.8 6.5 18.67 10.45 20.13 52.50 2.37 4.73 

Min 83 13.4 7.2 0.1 4.2 4.0 5.7 3.3 1.8 1.3 0.2 0.9 4.51 0.46 2.41 7.14 0.17 1.61 

CV 0.32 0.26 0.34 0.29 0.45 0.36 0.38 0.35 0.44 0.29 1.40 0.40 0.36 1.39 0.46 0.43 0.66 0.28 

GSKF (W) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 8.43 0.10 0.03 0.31 6.27 0.08 0.01 0.56 0.34 0.04 0.06 0.08 0.06 0.15 0.03 0.09 0.27 68.9 

SD 3.65 0.07 0.01 0.16 2.77 0.04 0.01 0.33 0.10 0.01 0.07 0.03 0.02 0.20 0.01 0.06 0.15 2.7 

Max 15.42 0.30 0.05 0.63 10.96 0.19 0.03 1.39 0.57 0.06 0.21 0.13 0.12 0.72 0.06 0.20 0.52 73.6 

Min 1.85 0.02 0.01 0.04 1.43 0.02 0.00 0.12 0.19 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.07 64.7 

CV 0.43 0.76 0.42 0.51 0.44 0.55 0.62 0.59 0.29 0.29 1.16 0.43 0.42 1.37 0.44 0.61 0.56 0.04 

 

Table 2.54: Statistical results chemical characterisation (µg/m3) of PM10 at GSKF for summer (S) season 

GSKF (S) PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 107 14.6 3.7 0.6 8.3 5.4 4.1 2.7 3.0 1.2 0.4 1.3 3.54 1.29 4.49 11.54 0.94 1.62 

SD 41 4.9 1.3 0.2 3.0 2.1 2.1 0.8 1.2 0.4 0.2 0.6 1.05 0.49 2.30 6.55 1.11 0.51 

Max 176 26.1 6.4 1.0 14.7 10.0 8.2 4.4 5.2 2.1 0.8 2.6 5.86 2.39 8.78 24.05 3.74 2.82 

Min 72 8.2 1.9 0.3 3.3 2.1 2.0 1.3 1.4 0.8 0.3 0.6 1.65 0.78 1.88 4.66 0.03 0.99 

CV 0.38 0.34 0.34 0.35 0.36 0.39 0.51 0.29 0.41 0.31 0.38 0.49 0.30 0.38 0.51 0.57 1.18 0.32 

GSKF (S) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 3.08 0.06 0.01 0.06 2.48 0.04 0.04 0.13 0.75 0.02 0.78 0.02 0.04 0.87 0.52 0.03 0.85 68.68 

SD 1.58 0.05 0.01 0.05 1.39 0.02 0.02 0.05 0.43 0.01 1.13 0.02 0.02 0.97 0.41 0.04 0.94 2.84 

Max 6.11 0.18 0.03 0.20 5.35 0.08 0.08 0.24 1.97 0.03 4.44 0.08 0.08 3.76 1.57 0.15 3.78 72.18 

Min 1.27 0.02 0.00 0.01 0.94 0.02 0.02 0.05 0.33 0.01 0.03 0.00 0.02 0.14 0.13 0.00 0.25 62.79 

CV 0.51 0.73 0.64 0.90 0.56 0.43 0.53 0.40 0.57 0.39 1.46 1.04 0.43 1.11 0.79 1.19 1.10 0.04 
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Table 2.55: Statistical results of chemical characterisation (µg/m3) of PM2.5 at GSKF for summer (S) season 

GSKF (S)  PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

Mean 59.79 10.19 3.04 0.32 4.69 2.92 2.48 1.52 1.82 0.69 0.24 0.62 1.99 0.70 2.08 5.13 0.39 0.92 

SD 17.55 3.42 1.05 0.09 1.59 1.03 1.12 0.45 0.66 0.16 0.10 0.26 0.56 0.27 0.88 2.13 0.45 0.22 

Max 88.46 18.28 5.33 0.53 8.13 5.07 4.34 2.74 3.11 1.09 0.43 1.16 3.37 1.17 3.79 9.31 1.36 1.45 

Min 42.04 5.72 1.57 0.24 2.73 1.35 1.23 0.79 1.12 0.48 0.15 0.36 1.07 0.45 1.15 2.73 0.02 0.64 

CV 0.29 0.34 0.34 0.29 0.34 0.35 0.45 0.30 0.37 0.24 0.40 0.42 0.28 0.38 0.42 0.41 1.15 0.24 

GSKF (S) Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

Mean 1.41 0.02 0.01 0.02 1.12 0.02 0.02 0.06 0.65 0.01 0.26 0.01 0.02 0.75 0.22 0.01 0.76 70.57 

SD 0.60 0.01 0.00 0.02 0.44 0.01 0.01 0.02 0.42 0.00 0.28 0.00 0.00 0.83 0.13 0.02 0.93 1.77 

Max 2.59 0.05 0.01 0.06 1.93 0.03 0.03 0.10 1.76 0.01 1.08 0.02 0.02 3.07 0.44 0.07 3.72 74.10 

Min 0.76 0.01 0.00 0.00 0.63 0.01 0.00 0.03 0.24 0.01 0.01 0.00 0.01 0.09 0.05 0.00 0.20 67.37 

CV 0.43 0.46 0.46 0.65 0.40 0.40 0.45 0.34 0.64 0.32 1.07 0.70 0.27 1.12 0.60 1.25 1.21 0.03 

 

Table 2.56: Correlation Matrix for PM10 and its composition at GSKF for winter season 

GSKF (W) PM₁₀ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₁₀ 1.00 0.74 0.72 0.72 0.26 0.75 0.81 0.87 -0.12 0.87 0.33 0.03 0.94 0.94 

TC   1.00 0.98 0.96 0.32 0.37 0.68 0.63 -0.27 0.57 0.35 -0.08 0.59 0.50 

OC     1.00 0.89 0.29 0.32 0.71 0.62 -0.29 0.54 0.35 -0.04 0.56 0.48 

EC       1.00 0.34 0.43 0.58 0.60 -0.21 0.57 0.34 -0.12 0.58 0.49 

NO₃⁻         0.21 0.45 1.00 0.79 -0.40 0.53 0.08 -0.02 0.68 0.67 

SO₄⁻²         0.43 0.53   1.00 -0.33 0.78 0.20 0.02 0.84 0.78 

NH₄⁺         0.37 0.62     0.08 1.00 0.53 -0.01 0.85 0.87 

Metals         0.18 0.77     0.14   0.41 0.21 0.92 1.00 
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Table 2.57: Correlation matrix for PM2.5 and its composition at GSKF for winter season 

GSKF (W) PM₂.₅ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₂.₅ 1.00 0.78 0.75 0.76 0.41 0.70 0.92 0.85 -0.05 0.83 0.29 -0.11 0.95 0.98 

TC   1.00 0.98 0.96 0.33 0.44 0.67 0.59 -0.01 0.57 0.40 -0.07 0.61 0.66 

OC     1.00 0.89 0.32 0.38 0.67 0.58 -0.03 0.51 0.40 -0.03 0.60 0.63 

EC       1.00 0.33 0.49 0.62 0.57 0.03 0.60 0.39 -0.12 0.60 0.65 

NO₃⁻         0.39 0.58 1.00 0.81 0.11 0.71 0.36 0.06 0.86 0.93 

SO₄⁻²         0.60 0.36   1.00 -0.11 0.83 0.38 -0.04 0.83 0.85 

NH₄⁺         0.49 0.59     0.09 1.00 0.53 -0.05 0.76 0.84 

Metals         0.37 0.71     0.03   0.30 -0.04 0.97 1.00 

 

Table 2.58: Correlation matrix for PM10 and its composition at GSKF for summer season 

GSKF (S) PM₁₀ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₁₀ 1.00 0.62 0.63 0.44 0.60 0.83 0.76 0.86 0.08 0.68 0.60 0.36 0.97 0.98 

TC   1.00 0.99 0.78 0.51 0.15 0.23 0.56 0.03 0.41 0.21 0.09 0.47 0.45 

OC     1.00 0.67 0.51 0.17 0.25 0.62 0.01 0.43 0.24 0.15 0.46 0.45 

EC       1.00 0.37 0.06 0.10 0.21 0.10 0.25 0.02 -0.19 0.36 0.34 

NO₃⁻         0.70 0.84 1.00 0.80 -0.27 0.40 0.33 0.19 0.72 0.76 

SO₄⁻²         0.70 0.73   1.00 -0.12 0.48 0.42 0.32 0.77 0.80 

NH₄⁺         0.39 0.49     -0.04 1.00 0.28 0.08 0.67 0.69 

Metals         0.54 0.89     0.14   0.64 0.38 0.99 1.00 
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Table 2.59: Correlation matrix for PM2.5 and its composition at GSKF for summer season 

GSKF (S) PM₂.₅ TC OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Metals 

PM₂.₅ 1.00 0.65 0.67 0.41 0.62 0.86 0.83 0.88 0.09 0.66 0.50 0.24 0.88 0.95 

TC   1.00 0.98 0.80 0.59 0.23 0.26 0.53 0.04 0.45 0.16 0.02 0.25 0.40 

OC     1.00 0.67 0.57 0.26 0.28 0.60 0.02 0.46 0.20 0.08 0.28 0.42 

EC       1.00 0.50 0.08 0.13 0.15 0.09 0.32 -0.02 -0.21 0.08 0.24 

NO₃⁻         0.53 0.84 1.00 0.80 -0.18 0.37 0.34 0.20 0.91 0.89 

SO₄⁻²         0.62 0.74   1.00 0.02 0.40 0.43 0.28 0.78 0.85 

NH₄⁺         0.31 0.50     0.17 1.00 0.36 0.10 0.51 0.63 

Metals         0.58 0.94     0.11   0.49 0.24 0.95 1.00 
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2.4.5 Overall Summary and Results  

The sampling period for winter is November 21, 2022, to December 28, 2022, and April 29, 

2023, to June 02, 2023, for the Summer Season  

2.4.5.1 Particulate Matter (PM10, PM2.5) 

The seasonal comparison is shown for PM10 (Figure 2.55), PM2.5 (Figure 2.56) and the ratio of 

PM2.5 to PM10 (Figure 2.57) for all sites. The overall summary of experimental results for PM is 

shown for the winter and summer seasons (Table 2.60).  

Winter 

The overall city average of PM2.5 in winter was 283 µg/m3, and PM10 was 378 µg/m3. The PM2.5 

levels are about 4.71 times higher than the NAQS (60 µg/m3), and PM10 is about 3.78 times 

higher than the NAQS (100 µg/m3). Both PM2.5 and PM10 levels were highest at GCRF, the 

residential site (318 and 429 µg/m3), followed by levels at SJIF (291 and 379 µg/m3), the 

industrial site. The PM2.5 and PM10 levels were lowest at JMDF (253 and 354 µg/m3); these 

levels also exceed the air quality standards. The highest variability was seen at SJIF (CV: 0.34) 

for PM2.5, followed by GSKF (CV: 0.31). The highest variation for PM10 was seen at JMDF (CV: 

0.26) and the least at GCRF (CV: 0.18). 

Ratio of PM2.5 to PM10 is a useful parameter to indicate the relative abundance of fine particulate 

(i.e. PM2.5) and toxicity of particulate matter. The overall city ratio is 0.74, and it was highest at 

GSKF (0.76), followed by SJIF (0.75).  

Summer 

The overall city average of PM2.5 and PM10 levels in summer drops sharply to 61 µg/m3 and 138 

µg/m3, respectively, in winter.  The PM2.5 levels generally meet the standards, while PM10 is 1.38 

times higher than the standard. Both PM2.5 and PM10 levels were highest at GCRF, the residential 

site at 67 and 155 µg/m3, followed by levels at JMDF (62 and 142 µg/m3), the commercial site. 

The PM2.5 levels were lowest at SJIF (56 µg/m3) while PM10 levels were lowest at GSKF (107 

µg/m3). The highest variability was seen at GSKF (CV: 0.28) for PM2.5, followed by JMDF (CV: 

0.27). The highest variation for PM10 was seen at SJIF (CV: 0.4) and the least at GCRF (CV: 

0.22). The overall PM2.5 to PM10 city ratio is 0.47, and it was highest at GSKF (0.57), followed 

by JMDF (0.46).  
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Figure 2.55: Seasonal comparison of PM10 levels for all Sites 

 

Figure 2.56: Seasonal comparison of PM2.5 concentrations for all Sites 

 

Figure 2.57: Seasonal comparison of PM2.5 /PM10 ratio 
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2.4.5.2 Gaseous Pollutants (NO2 and SO2) 

The seasonal comparison is shown for NO2 and SO2 (Figure 2.58). The overall average 

concentrations with statistical summary are presented in Table 2.61 and Table 2.62 for all sites 

in winter and summer seasons. 

The SO2 levels were quite low and were always within the air quality standards (80 µg/m3). 

Levels were below detection limit in summer almost at all sites. The SO2 levels, being very low 

have not been further discussed. 

It was observed that NO2 levels were within the air quality standards (80 µg/m3) during both the 

seasons. The overall city level average NO2 levels are 48.3 µg/m3 in winter and 26.36 µg/m3 in 

summer. The highest NO2 concentration was observed at JMDF during both seasons 56.86 µg/m3 

(winter) and 30.17 µg/m3 (summer). Rather being under the limits still NO2 is the emerging 

pollutants which can largely be attributed to vehicular emissions. The commercial area has the 

higher vehicular emission of NO2. Levels sharply drop in summer (around 50% of winter level) 

largely due to high wind speeds, convective conditions, large mixing height resulting in better 

dilution and dispersion of the NO2.    

Although the NO2 levels meet the national air quality standard, efforts are required to improve 

the air quality for NO2 particularly in winter season as it will be difficult to reduce the emission 

after-the-fact at a later stage.  

 

Figure 2.58: Seasonal Comparison of NO2 and SO2 levels for all Sites 
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2.4.5.3 Volatile Organic Compounds (VOCs: BTX) 

The seasonal comparison for VOCs (BTX) is shown in Figure 2.59. The overall statistical 

summary is presented in Table 2.61 and Table 2.62 for all sites for winter and summer seasons. 

The overall city level average of BTX levels is 7.4 µg/m3 in winter and 5.12 µg/m3 in summer. 

The highest BTX concentration was observed at SJIF (10.58 µg/m3) in winter and GCRF (11.41 

µg/m3) in summer seasons.  

 

Figure 2.59: Seasonal comparison of VOCs for all Sites 
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were maximum (22%) at JMDF followed by GSKF (20%) and minimum (18%) at SJIF in winter 

(Table 2.63) and maximum (31%) at GCRF and minimum (22%) at GSKF in summer (Table 

2.64). 

The overall summary of carbon content (TC, EC, OC; OC1, OC2, OC3 and OC4 with fractions 

OC1/TC, OC2/TC, OC3/TC and OC4/TC) is presented in Table 2.63 - Table 2.64 for winter and 

summer seasons.  

 

Figure 2.60: Seasonal Comparison of EC and OC in PM10 for all Sites 

 

 

Figure 2.61: Seasonal Comparison of EC and OC in PM2.5 for all Sites 
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(iii) DEP, (iv) Flu, (v) Phe, (vi) Ant, (vii) Pyr, (viii) BbP, (ix) BeA, (x) B(a)A, (xi) Chr, (xii) 

B(b)F, (xiii) B(k)F, (xiv) B(a)P, (xv) InP, (xvi) D(a,h)A and (xvii) B(ghi)P. Seasonal comparison 

for PAHs are shown in Figure 2.64 which indicates the concentrations are significantly much 

higher in winter season compared to summer season. Major PAHs are DmP, AcP, DEP, Flu and 

Phe. The overall average total PAHs were much higher in winter (87 ng/m3) in winter compared 

to summer (33 ng/m3).  

Literature reported values for InP/ (InP + B(ghi)P) ratio are 0.18, 0.37 and 0.56 for gasoline, 

diesel and coal respectively (Rajput and Lakhani, 2010). The ratio obtained in this study (0.38 

in winter and 0.32 in summer) is comparable to the reported values for coal combustion in winter 

season and gasoline emissions in summer season. It is inferred that the major sources of PAHs 

are gasoline vehicles and coal combustion. 

 

Figure 2.62: Variation in PAHs in PM2.5 for winter season 

 

Figure 2.63: Variation in PAHs in PM2.5 for summer season 
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Figure 2.64: Seasonal comparison of PAHs in PM2.5 

2.4.5.6 Molecular Markers in PM2.5 

The average concentrations of molecular markers are shown graphically for winter season 

(Figure 2.65) and summer season (Figure 2.66) for all sites along with overall average 

concentration for Firozabad. Average concentrations are shown in Table 2.67-Table 2.68 with 

the standard deviation and coefficient of variation CV for Firozabad. Seasonal comparison is 

shown in Figure 2.67 which indicates the concentrations of molecular markers are higher in 

winter compared to summer season compared to summer season. The overall average of 

molecular markers was measured higher in winter (233.56 ng/m3) compared to summer (71.47 

ng/m3).  The presence of significant quantities of molecular markers, especially alkanes and 

hopanes conclusively establishes contribution of coal burning, gasoline and diesel combustion 

in vehicles. 

 

Figure 2.65: Variation in molecular markers in PM2.5 for winter season 
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Figure 2.66: Variation in molecular markers in PM2.5 for summer season 

 

Figure 2.67: Seasonal comparison of molecular markers in PM2.5 
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Figure 2.68: Seasonal comparison of ionic and elemental species concentrations in PM10 

for all sites 
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Figure 2.69: Seasonal comparison of ionic and elemental species concentrations in PM2.5 

for all sites 
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2.4.5.8 Comparison of PM10 and PM2.5 Composition 

The graphical presentation is the better option for understanding the compositional variation. 

The major chemical species considered for overall compositional comparisons are carbon (OC 

and EC), ions (F⁻, Cl⁻, NO₃⁻, SO₄⁻², Na⁺, NH₄⁺, K⁺, Ca⁺², Mg⁺²) and elements (Al, Si, Cr, V, Mn, 

Fe, Co, Ni, Cu, Zn, As, Cd and Pb). Compositional comparison of PM2.5 Vs PM10 is shown for 

all major carbon, ions (Figure 2.70) and elements (Figure 2.71) for all sites and both seasons in 

Firozabad. The overall compositional comparison is also presented in Table 2.73 for all sites. 

It is observed that significant portion of PM is having more fine-mode particles during winter 

(75%) than summer (44%). The major species are contributing to fine mode that are EC, OC, 

NO₃⁻, SO₄⁻², NH₄⁺, K⁺, Na, V, Zn and Pb. 

 

The average ratio (PM2.5/PM10) were taken from the previous studies (Puxbaum et al., 2004; 

Samara et al., 2014; Wang et al., 2014) for EC (0.70) and OC (0.83) to estimate the carbon 

content in PM10. Therefore, the percentage of EC (70%) and OC (83%) are constant for all sites 

by converting from levels known in PM2.5 and translating these into EC and OC levels of PM10. 

 

 

Figure 2.70: Compositional comparison of carbon and ions species in PM2.5 Vs PM10 
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Figure 2.71: Compositional comparison of elemental species in PM2.5 Vs PM10 

Table 2.60:  Overall summary of experimental results of PM (Mean±SD µg/m3)  

 PM₁₀ PM₂.₅ PM₂.₅/PM₁₀ 

Sites Winter Summer Winter Summer Winter Summer 

JMDF 
354±91 

(0.26) 

142±42 

(0.30) 

253±64 

(0.25) 

62±17 

(0.27) 
0.72±0.07 

(0.09) 

0.46±0.12 

(0.25) 

GCRF 
429±75 

(0.18) 

155±34 

(0.22) 

318±70 

(0.22) 

67±15 

(0.23) 
0.74±0.06 

(0.08) 

0.44±0.09 

(0.21) 

SJIF 
379±96 

(0.25) 

148±59 

(0.40) 

291±100 

(0.34) 

56±15 

(0.26) 
0.75±0.09 

(0.12) 

0.41±0.14 

(0.34) 

GSKF 
352±89 

(0.25) 

107±40 

(0.37) 

270±83 

(0.31) 

60±17 

(0.28) 
0.76±0.09 

(0.12) 

0.57±0.06 

(0.10) 

Overall 378±9 

(0.02) 

138±11 

(0.08) 

283±16 

(0.06) 

61±1 

(0.02) 
0.74±0.02 

(0.02) 

0.47±0.03 

(0.07) 

Values in brackets are CV: Coefficient of Variation 

 

Table 2.61:  Overall summary of average concentration (µg/m3) of gaseous pollutants 

(SO2, NO2 and VOCs) for winter season 

Winter NO₂ SO₂ Benzene Toluene P-Xylene O-Xylene Total (BTX) 

JMDF 56.86 2.15 0.60 0.06 4.54 4.97 10.17 

GCRF 43.42 2.00 0.50 0.04 1.04 1.45 3.02 

SJIF 55.70 2.05 0.77 0.23 5.42 4.16 10.58 

GSKF 37.21 2.00 0.59 0.16 3.09 1.98 5.82 

Overall 48.30 2.05 0.62 0.12 3.52 3.14 7.40 

SD 9.57 0.07 0.11 0.09 1.91 1.69 3.63 

CV 0.20 0.03 0.18 0.74 0.54 0.54 0.49 
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Table 2.62:  Overall summary of average concentration (µg/m3) of gaseous pollutants 

(SO2, NO2 and VOCs) for summer season 

Summer NO₂ SO₂ Benzene Toluene P-Xylene O-Xylene Total (BTX) 

JMDF 30.17 2.00 0.16 0.08 1.45 0.72 2.41 

GCRF 21.92 2.00 0.31 0.05 9.65 1.40 11.42 

SJIF 28.59 2.00 0.32 0.05 2.47 0.69 3.53 

GSKF 24.73 2.00 0.24 0.04 2.47 0.36 3.11 

Overall 26.36 2.00 0.26 0.06 4.01 0.79 5.12 

SD 3.74 0.00 0.07 0.02 3.79 0.44 4.23 

CV 0.14 0.00 0.29 0.34 0.95 0.56 0.83 
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Table 2.63: Overall summary of average concentration of carbon content in PM2.5 for all sites for winter Season 

Winter PM2.5 OC1  OC2  OC3  OC4  OC  EC  TC  OC1/TC  OC2/TC  OC3/TC  OC4/TC 

JMDF 253 0.90 11.28 12.46 8.36 33.00 23.27 56.27 0.01 0.20 0.23 0.17 

GCRF 318 0.27 13.31 15.13 10.90 39.61 22.27 61.88 0.00 0.21 0.25 0.18 

SJIF 291 1.31 12.31 12.26 8.25 34.13 19.33 53.45 0.02 0.24 0.23 0.16 

GSKF 270 0.57 11.20 13.75 8.72 34.24 20.73 54.97 0.01 0.20 0.25 0.17 

Overall 283 0.76 12.02 13.40 9.06 35.24 21.40 56.64 0.01 0.21 0.24 0.17 

SD 28 0.45 0.99 1.33 1.25 2.96 1.73 3.67 0.01 0.02 0.01 0.01 

CV 0.10 0.59 0.08 0.10 0.14 0.08 0.08 0.06 0.65 0.08 0.04 0.04 

 

Table 2.64: Overall summary of average concentration of carbon content in PM2.5 for all sites for summer season 

Summer PM2.5  OC1  OC2  OC3  OC4  OC  EC  TC  OC1/TC  OC2/TC  OC3/TC  OC4/TC 

JMDF 62 0.33 5.62 3.03 2.95 11.93 3.86 15.79 0.03 0.35 0.19 0.18 

GCRF 67 0.23 4.34 4.71 4.36 13.63 7.12 20.75 0.01 0.21 0.23 0.22 

SJIF 56 0.09 3.76 2.92 2.45 9.22 3.65 12.87 0.01 0.30 0.23 0.19 

GSKF 60 0.10 5.66 2.69 1.73 10.19 3.04 13.23 0.01 0.43 0.20 0.13 

Overall 61 0.19 4.85 3.34 2.87 11.24 4.42 15.66 0.01 0.32 0.21 0.18 

SD 4 0.11 0.95 0.92 1.11 1.95 1.84 3.64 0.01 0.09 0.02 0.04 

CV 0.07 0.60 0.20 0.28 0.39 0.17 0.42 0.23 0.64 0.29 0.10 0.21 
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Table 2.65: Overall summary of average concentration (ng/m3) of PAHs in PM2.5 all sites for winter season 

Winter DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P 
Total 

PAHs 

JMDF 7.50 5.44 6.94 8.84 7.20 5.96 5.13 2.91 5.67 1.51 4.34 5.98 1.35 6.30 2.52 0.13 5.76 83.48 

GCRF 1.99 8.12 4.03 8.63 8.30 10.04 5.73 1.68 4.26 4.75 8.20 8.28 3.17 7.47 5.98 0.13 8.23 99.00 

SJIF 5.54 7.07 7.04 7.84 9.45 2.48 3.95 2.48 4.28 5.91 4.62 6.36 1.32 5.83 1.82 0.06 3.38 79.43 

GSKF 8.94 8.29 4.31 5.58 9.90 7.61 4.52 1.69 8.35 3.26 5.30 5.97 1.30 6.95 2.20 0.11 3.49 87.74 

Overall 5.99 7.23 5.58 7.72 8.72 6.52 4.83 2.19 5.64 3.86 5.61 6.65 1.78 6.64 3.13 0.11 5.22 87.41 

SD 4.48 5.54 3.87 8.05 5.22 3.39 3.05 2.31 3.17 4.67 3.74 5.23 1.67 5.17 2.84 0.08 4.63 31.83 

CV 0.75 0.77 0.69 1.04 0.60 0.52 0.63 1.05 0.56 1.21 0.67 0.79 0.94 0.78 0.91 0.77 0.89 0.36 

 

 

Table 2.66: Overall summary of average concentration (ng/m3) of PAHs in PM2.5 for all sites for summer season 

Summer 
DmP AcP DEP Flu Phe Ant Pyr BbP BeA B(a)A Chr B(b)F B(k)F B(a)P InP D(a,h)A B(ghi)P 

Total 

PAHs 

JMDF 18.82 5.30 1.26 0.96 0.40 0.11 0.32 0.55 0.62 0.27 0.20 0.09 0.07 0.08 0.09 0.00 0.19 29.33 

GCRF 26.17 6.38 1.24 0.22 0.72 0.13 1.10 1.03 1.31 0.20 0.20 0.17 0.16 0.27 0.00 0.02 0.18 39.49 

SJIF 7.81 5.79 3.08 0.56 5.37 1.40 0.97 0.22 2.51 0.41 0.23 0.11 0.06 0.12 0.01 0.00 0.23 28.89 

GSKF 14.84 5.86 4.69 5.46 0.50 0.08 0.62 0.10 2.09 0.27 0.16 0.07 0.07 0.10 0.27 0.15 0.19 35.52 

Overall 16.91 5.83 2.57 1.80 1.74 0.43 0.75 0.47 1.63 0.29 0.20 0.11 0.09 0.14 0.09 0.04 0.20 33.31 

SD 12.06 3.57 1.93 2.19 3.13 0.78 0.70 0.76 1.52 0.20 0.13 0.09 0.08 0.12 0.15 0.12 0.07 21.37 

CV 0.71 0.61 0.75 1.22 1.79 1.83 0.93 1.60 0.93 0.69 0.66 0.86 0.90 0.85 1.68 2.65 0.36 0.64 
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Table 2.67: Overall summary of average concentration (ng/m3) of molecular markers in PM2.5 for winter season 

Winter Tritriacontane Hentriacontane Pentriacontane 

17 β(H) 21 

β(H)_hopane 

17 α(H) 21 

α(H)_hopane 

17 α(H) - 

22,29,30 - 

Trisnorhopane 
Total 

JMDF 65.42 19.91 15.25 5.68 1.31 0.43 108.00 

GCRF 125.04 40.77 21.96 20.13 1.37 0.58 209.84 

SJIF 125.25 59.08 43.98 25.08 3.74 0.48 257.61 

GSKF 172.43 73.15 55.62 54.23 2.82 0.53 358.79 

Overall 122.04 48.23 34.20 26.28 2.31 0.51 233.56 

SD 43.52 20.36 14.83 18.62 1.28 0.22 70.76 

CV 0.36 0.42 0.43 0.71 0.55 0.44 0.30 

 

Table 2.68: Overall summary of average concentration (ng/m3) of molecular markers in PM2.5 for summer season 

Summer 
Tritriacontane Hentriacontane Pentriacontane 

17 β(H) 21 

β(H)_hopane 

17 α(H) 21 

α(H)_hopane 

17 α(H) - 

22,29,30 - 

Trisnorhopane 
Total 

JMDF 39.22 8.38 3.52 16.84 0.82 0.37 69.14 

GCRF 120.86 16.25 6.19 13.63 0.78 0.30 158.01 

SJIF 1.35 5.72 2.37 12.99 0.71 0.38 23.52 

GSKF 5.88 6.56 5.56 15.83 0.83 0.53 35.20 

Overall 41.83 9.23 4.41 14.82 0.79 0.40 71.47 

SD 49.84 5.88 2.29 6.46 0.41 0.18 53.98 

CV 1.19 0.64 0.52 0.44 0.52 0.47 0.76 
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Table 2.69: Overall summary of average concentration of chemical species in PM10 for all sites for winter season 

Winter PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

JMDF 354 47.1 28.0 1.35 9.94 24.87 19.06 4.17 11.38 3.18 1.25 4.75 5.45 3.42 14.79 40.22 0.73 4.19 

GCRF 429 56.6 26.8 0.49 18.15 32.94 30.85 1.84 13.71 2.18 0.15 4.76 2.16 0.51 15.57 47.98 0.10 3.26 

SJIF 379 48.8 23.3 0.41 13.60 27.73 25.01 3.71 10.31 2.22 0.35 7.32 4.84 0.90 16.77 43.53 0.07 3.07 

GSKF 352 48.9 25.0 0.34 17.17 20.96 17.10 11.04 12.05 3.63 0.93 4.87 14.73 2.85 14.53 37.83 1.37 4.76 

Overall 378 50.3 25.8 0.65 14.71 26.63 23.00 5.19 11.86 2.80 0.67 5.43 6.80 1.92 15.41 42.39 0.57 3.82 

SD 36 4.2 2.1 0.47 3.74 5.04 6.22 4.03 1.42 0.72 0.51 1.27 5.48 1.43 1.01 4.40 0.62 0.79 

CV 0.09 0.08 0.08 0.73 0.25 0.19 0.27 0.78 0.12 0.26 0.76 0.23 0.81 0.75 0.07 0.10 1.09 0.21 

Winter Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

JMDF 11.11 0.17 0.02 0.26 8.64 0.058 0.015 0.48 0.95 0.050 0.446 0.059 0.055 0.985 0.020 0.17 0.86 66.49 

GCRF 18.30 0.02 0.00 0.04 14.70 0.006 0.002 0.05 0.88 0.069 0.337 0.008 0.013 1.104 0.022 0.04 0.76 66.47 

SJIF 15.14 0.02 0.00 0.03 12.36 0.004 0.003 0.03 0.70 0.086 0.253 0.007 0.010 0.480 0.022 0.03 0.64 65.26 

GSKF 10.86 0.13 0.04 0.41 8.26 0.103 0.020 0.75 0.44 0.050 0.083 0.101 0.080 0.211 0.042 0.12 0.38 68.30 

Overall 13.85 0.09 0.02 0.19 10.99 0.043 0.010 0.33 0.74 0.064 0.280 0.043 0.040 0.695 0.026 0.09 0.66 66.63 

SD 3.55 0.08 0.02 0.18 3.09 0.047 0.009 0.35 0.23 0.018 0.153 0.045 0.034 0.421 0.010 0.07 0.21 1.25 

CV 0.26 0.90 0.94 0.98 0.28 1.10 0.89 1.07 0.31 0.28 0.55 1.04 0.86 0.61 0.39 0.77 0.32 0.02 
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Table 2.70: Overall summary of average concentration of chemical species in PM2.5 for all sites for winter season 

Winter PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

JMDF 253 33.0 23.3 0.96 7.19 19.59 14.37 3.14 8.36 2.27 0.89 3.21 3.99 2.48 10.26 28.16 0.47 2.97 

GCRF 318 39.6 22.3 0.39 14.63 27.85 24.08 1.45 10.99 1.76 0.12 3.57 1.97 0.48 10.87 34.06 0.06 2.63 

SJIF 291 34.1 19.3 0.32 10.60 21.72 19.43 2.86 7.90 1.66 0.22 5.52 3.34 0.62 12.85 34.46 0.04 2.28 

GSKF 270 34.2 20.7 0.22 13.57 18.11 14.75 8.14 9.16 2.59 0.66 3.71 10.68 1.81 10.94 29.18 1.06 3.41 

Overall 283 35.2 21.4 0.47 11.50 21.82 18.16 3.90 9.10 2.07 0.47 4.00 5.00 1.35 11.23 31.46 0.40 2.82 

SD 28 3.0 1.7 0.33 3.34 4.29 4.57 2.92 1.37 0.44 0.36 1.03 3.88 0.96 1.12 3.26 0.48 0.48 

CV 0.10 0.08 0.08 0.70 0.29 0.20 0.25 0.75 0.15 0.21 0.77 0.26 0.78 0.72 0.10 0.10 1.18 0.17 

Winter Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

JMDF 7.66 0.13 0.02 0.18 6.25 0.041 0.01 0.33 0.66 0.04 0.324 0.043 0.04 0.78 0.014 0.12 0.63 68.12 

GCRF 13.19 0.02 0.00 0.03 10.62 0.005 0.00 0.04 0.75 0.05 0.287 0.006 0.01 0.93 0.019 0.02 0.64 68.09 

SJIF 12.26 0.01 0.00 0.02 9.76 0.004 0.00 0.03 0.59 0.06 0.217 0.005 0.00 0.40 0.018 0.01 0.54 65.88 

GSKF 8.43 0.10 0.03 0.31 6.27 0.081 0.01 0.56 0.34 0.04 0.059 0.077 0.06 0.15 0.031 0.09 0.27 68.94 

Overall 10.39 0.06 0.01 0.13 8.22 0.033 0.01 0.24 0.58 0.05 0.222 0.033 0.03 0.57 0.021 0.06 0.52 67.76 

SD 2.75 0.06 0.01 0.14 2.29 0.037 0.01 0.26 0.18 0.01 0.117 0.034 0.03 0.36 0.007 0.05 0.17 1.31 

CV 0.26 0.88 1.01 1.04 0.28 1.12 0.92 1.07 0.30 0.27 0.53 1.05 1.03 0.63 0.35 0.86 0.33 0.02 
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Table 2.71: Overall summary of average concentration of chemical species in PM10 for all sites for summer season 

Summer PM₁₀ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

JMDF 142 17.0 4.7 0.41 7.32 4.78 7.31 1.77 3.17 1.02 0.52 2.08 2.39 1.57 7.26 19.19 0.59 1.38 

GCRF 155 19.5 8.6 0.42 7.14 4.83 5.32 1.65 3.28 1.23 0.53 2.26 2.18 1.58 7.73 20.75 0.33 1.67 

SJIF 148 13.2 4.4 0.51 6.20 4.40 7.04 2.49 3.54 1.08 0.54 2.44 3.31 1.56 8.82 21.55 0.33 1.45 

GSKF 107 14.6 3.7 0.55 8.33 5.39 4.10 2.68 3.03 1.21 0.42 1.31 3.54 1.29 4.49 11.54 0.94 1.62 

Overall 138 16.1 5.3 0.47 7.25 4.85 5.94 2.15 3.25 1.14 0.50 2.02 2.86 1.50 7.07 18.26 0.55 1.53 

SD 21 2.8 2.2 0.07 0.87 0.41 1.51 0.51 0.22 0.10 0.05 0.50 0.67 0.14 1.85 4.58 0.29 0.14 

CV 0.15 0.17 0.42 0.15 0.12 0.08 0.25 0.24 0.07 0.09 0.11 0.25 0.24 0.09 0.26 0.25 0.53 0.09 

Summer Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

JMDF 5.00 0.18 0.02 0.12 4.02 0.034 0.022 0.195 0.863 0.024 0.496 0.032 0.035 0.924 0.161 0.07 0.70 63.95 

GCRF 5.44 0.13 0.02 0.12 4.46 0.028 0.040 0.194 0.917 0.025 0.544 0.028 0.039 0.505 1.018 0.19 0.79 63.41 

SJIF 5.95 0.05 0.02 0.12 4.90 0.025 0.021 0.119 0.988 0.025 0.763 0.033 0.042 0.866 0.105 0.08 1.07 63.02 

GSKF 3.08 0.06 0.01 0.06 2.48 0.041 0.038 0.134 0.748 0.019 0.778 0.018 0.043 0.872 0.524 0.03 0.85 68.68 

Overall 4.87 0.11 0.02 0.10 3.97 0.032 0.030 0.160 0.879 0.023 0.645 0.028 0.039 0.792 0.452 0.09 0.85 64.77 

SD 1.25 0.06 0.00 0.03 1.05 0.007 0.010 0.040 0.101 0.003 0.146 0.007 0.004 0.193 0.421 0.07 0.16 2.64 

CV 0.26 0.56 0.21 0.28 0.27 0.22 0.32 0.25 0.12 0.13 0.23 0.24 0.10 0.24 0.93 0.74 0.18 0.04 
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Table 2.72: Overall summary of average concentration of chemical species in PM2.5 for all sites for summer season 

Summer PM₂.₅ OC EC F⁻ Cl⁻ NO₃⁻ SO₄⁻² Na⁺ NH₄⁺ K⁺ Mg⁺² Ca⁺² Na Mg Al Si P K 

JMDF 62 11.9 3.9 0.25 4.15 2.63 4.20 0.94 1.78 0.57 0.31 0.61 1.25 0.91 1.86 4.89 0.17 0.76 

GCRF 67 13.6 7.1 0.25 4.00 2.74 3.02 0.97 1.80 0.73 0.31 0.67 1.28 0.92 1.87 4.81 0.10 0.98 

SJIF 56 9.2 3.6 0.29 3.39 2.42 3.79 1.36 1.96 0.60 0.30 0.71 1.80 0.89 1.89 4.96 0.10 0.81 

GSKF 60 10.2 3.0 0.32 4.69 2.92 2.48 1.52 1.82 0.69 0.24 0.62 1.99 0.70 2.08 5.13 0.39 0.92 

Overall 61 11.2 4.4 0.28 4.06 2.68 3.37 1.20 1.84 0.65 0.29 0.65 1.58 0.86 1.93 4.95 0.19 0.87 

SD 4 1.9 1.8 0.03 0.53 0.21 0.77 0.29 0.08 0.07 0.03 0.05 0.37 0.10 0.10 0.14 0.14 0.10 

CV 0.07 0.17 0.42 0.12 0.13 0.08 0.23 0.24 0.05 0.12 0.12 0.07 0.24 0.12 0.05 0.03 0.73 0.11 

Summer Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R 

JMDF 1.33 0.05 0.00 0.03 1.09 0.011 0.007 0.065 0.72 0.01 0.425 0.009 0.010 0.731 0.048 0.019 0.559 70.59 

GCRF 1.44 0.03 0.00 0.03 1.07 0.008 0.020 0.054 0.78 0.01 0.412 0.008 0.011 0.383 0.618 0.051 0.632 72.07 

SJIF 1.47 0.02 0.01 0.03 1.10 0.008 0.006 0.035 0.62 0.01 0.314 0.010 0.011 0.458 0.034 0.019 0.636 71.20 

GSKF 1.41 0.02 0.01 0.02 1.12 0.018 0.016 0.059 0.65 0.01 0.258 0.007 0.017 0.745 0.220 0.014 0.763 70.57 

Overall 1.41 0.03 0.00 0.03 1.09 0.011 0.012 0.053 0.69 0.01 0.352 0.008 0.012 0.579 0.230 0.026 0.647 71.11 

SD 0.06 0.02 0.00 0.00 0.02 0.005 0.007 0.013 0.07 0.00 0.080 0.001 0.003 0.186 0.272 0.017 0.085 0.71 

CV 0.04 0.49 0.08 0.15 0.02 0.42 0.54 0.24 0.10 0.11 0.23 0.16 0.27 0.32 1.18 0.66 0.13 0.01 
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Table 2.73: Ratios (%) of chemical species of PM2.5 and PM10 for all sites for winter 

(W) and summer (S) seasons 

Sites JMDF GCRF SJIF GSKF Overall 

Season W S W S W S W S W S 

PM₁₀ 354 142 429 155 379 148 352 107 378 138 

PM₂․₅ 253 62 318 67 291 56 270 60 283 61 

PM₂․₅PM₁₀ 72 44 74 43 77 38 77 56 75 44 

TC (PM₂.₅/PM₁₀) 75 73 74 74 74 73 74 73 74 73 

OC (PM₂.₅/PM₁₀) 70 70 70 70 70 70 70 70 70 70 

EC (PM₂.₅/PM₁₀) 83 83 83 83 83 83 83 83 83 83 

F⁻ (PM₂.₅/PM₁₀) 71 62 81 59 77 56 66 57 73 58 

Cl⁻ (PM₂.₅/PM₁₀) 72 57 81 56 78 55 79 56 78 56 

NO₃⁻ (PM₂.₅/PM₁₀) 79 55 85 57 78 55 86 54 82 55 

SO₄⁻² (PM₂.₅/PM₁₀) 75 57 78 57 78 54 86 61 79 57 

Na⁺ (PM₂.₅/PM₁₀) 75 53 78 59 77 55 74 57 75 56 

NH₄⁺ (PM₂.₅/PM₁₀) 73 56 80 55 77 56 76 60 77 57 

K⁺ (PM₂.₅/PM₁₀) 71 56 81 59 75 55 71 56 74 57 

Mg⁺² (PM₂.₅/PM₁₀) 72 60 80 58 64 56 71 56 71 58 

Ca⁺² (PM₂.₅/PM₁₀) 68 29 75 30 75 29 76 47 74 32 

Na (PM₂.₅/PM₁₀) 73 52 91 59 69 54 73 56 73 55 

Mg (PM₂.₅/PM₁₀) 72 58 94 58 68 57 63 55 70 57 

Al (PM₂.₅/PM₁₀) 69 26 70 24 77 21 75 46 73 27 

Si (PM₂.₅/PM₁₀) 70 25 71 23 79 23 77 44 74 27 

P (PM₂.₅/PM₁₀) 64 29 54 31 56 29 77 42 71 35 

K (PM₂.₅/PM₁₀) 71 55 81 59 74 56 72 57 74 57 

Ca (PM₂.₅/PM₁₀) 69 27 72 26 81 25 78 46 75 29 

Cr (PM₂.₅/PM₁₀) 73 30 78 27 81 32 73 38 74 30 

V (PM₂.₅/PM₁₀) 73 28 58 29 48 26 75 44 72 31 

Mn (PM₂.₅/PM₁₀) 72 27 58 27 52 26 75 38 72 28 

Fe (PM₂.₅/PM₁₀) 72 27 72 24 79 22 76 45 75 28 

Co (PM₂.₅/PM₁₀) 71 32 82 29 87 31 79 43 76 35 

Ni (PM₂.₅/PM₁₀) 69 33 75 51 57 29 73 42 70 41 

Cu (PM₂.₅/PM₁₀) 70 33 83 28 84 29 75 44 73 33 

Zn (PM₂.₅/PM₁₀) 70 83 85 85 83 63 78 87 79 79 

As (PM₂.₅/PM₁₀) 71 34 74 38 73 31 77 53 74 38 

Se (PM₂.₅/PM₁₀) 73 86 85 76 86 41 72 33 79 55 

Rb (PM₂.₅/PM₁₀) 74 29 75 28 74 29 76 37 75 30 

Sr (PM₂.₅/PM₁₀) 70 28 39 28 30 25 74 39 67 30 

Cd (PM₂.₅/PM₁₀) 80 79 84 76 83 53 70 86 81 73 

Cs (PM₂.₅/PM₁₀) 71 30 84 61 85 32 74 42 78 51 

Ba (PM₂.₅/PM₁₀) 67 28 51 26 47 24 76 42 67 28 

Pb (PM₂.₅/PM₁₀) 73 80 84 80 84 60 70 89 79 76 
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Table 2.74: Statistical summary of major components:  PM10, winter (µg/m3) 

Winter PM10 
Crustal (Si + 

Al + Fe + Ca) 

Ratio 

Crustal/PM10 

Sec Ions (NO₃⁻ + 

SO₄⁻² + NH₄⁺) 

Ratio Sec 

Ions/PM10 
TC 

Ratio 

TC/PM10 

JMDF 354 74.8 0.211 55.3 0.156 75.2 0.213 

GCRF 429 96.6 0.225 77.5 0.181 83.4 0.195 

SJIF 379 87.8 0.232 63.1 0.167 72.0 0.190 

GSKF 352 71.5 0.203 50.1 0.142 73.9 0.210 

Overall 378 82.6 0.218 61.5 0.162 76.1 0.202 

SD 36 11.6 0.013 11.9 0.016 5.0 0.011 

CV 0.09 0.14 0.06 0.19 0.10 0.07 0.05 

 

Table 2.75: Statistical summary of major components:  PM2.5, winter (µg/m3) 

Winter PM2.5 
Crustal (Si + 

Al + Fe + Ca) 

Ratio 

Crustal/PM2.5 

Sec Ions (NO₃⁻ + 

SO₄⁻² + NH₄⁺) 

Ratio Sec 

Ions/PM2.5 
TC 

Ratio 

TC/PM2.5 

JMDF 253 52.33 0.207 42.32 0.167 56.3 0.222 

GCRF 318 68.74 0.216 62.93 0.198 61.9 0.194 

SJIF 291 69.33 0.239 49.05 0.169 53.5 0.184 

GSKF 270 54.82 0.203 42.02 0.156 55.0 0.204 

Overall 283 61.31 0.216 49.08 0.172 56.6 0.201 

SD 28 8.99 0.016 9.78 0.018 3.7 0.016 

CV 0.10 0.15 0.07 0.20 0.10 0.06 0.08 

 

Table 2.76: Statistical summary of major components: PM10, summer (µg/m3) 

Summer PM10 
Crustal (Si + 

Al + Fe + Ca) 

Ratio 

Crustal/PM10 

Sec Ions (NO₃⁻ + 

SO₄⁻² + NH₄⁺) 

Ratio Sec 

Ions/PM10 
TC 

Ratio 

TC/PM10 

JMDF 142 35.5 0.250 15.3 0.108 21.7 0.153 

GCRF 155 38.4 0.247 13.4 0.087 28.1 0.181 

SJIF 148 41.2 0.278 15.0 0.101 17.6 0.118 

GSKF 107 21.6 0.201 12.5 0.116 18.2 0.169 

Overall 138 34.2 0.244 14.0 0.103 21.4 0.155 

SD 21 8.7 0.032 1.3 0.013 4.8 0.027 

CV 0.15 0.25 0.13 0.09 0.12 0.22 0.18 

 

Table 2.77: Statistical summary of major components:  PM2.5, summer (µg/m3) 

Summer PM2.5 
Crustal (Si + 

Al + Fe + Ca) 

Ratio 

Crustal/PM2.5 

Sec Ions (NO₃⁻ + 

SO₄⁻² + NH₄⁺) 

Ratio Sec 

Ions/PM2.5 
TC 

Ratio 

TC/PM2.5 

JMDF 62 9.2 0.148 8.6 0.139 15.8 0.255 

GCRF 67 9.2 0.138 7.5 0.113 20.8 0.311 

SJIF 56 9.4 0.167 8.2 0.145 12.9 0.229 

GSKF 60 9.7 0.163 7.2 0.121 13.2 0.221 

Overall 61 9.4 0.154 7.9 0.130 15.7 0.254 

SD 4 0.3 0.014 0.6 0.015 3.6 0.041 

CV 0.07 0.03 0.09 0.08 0.12 0.23 0.16 
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2.4.6 Statistical Summary 

For the comparison of winter and summer air quality levels, box plot and Student t-test 

statistics were used. These are discussed in the following sections. 

2.4.6.1 Box Plot Distribution 

Statistical box plots are shown in Figure 2.72 - Figure 2.76 for all sites for PM2.5, PM10, 

NO2, EC and OC for winter (W) and summer (S) season. These figures show the mean, 

median, 25% quartile, 75% quartile and outliers of the data distribution. The outlier values 

could possibly due the local activities (i.e. DG sets emission, biomass burning, traffic 

congestion etc.) near the monitoring stations. The SJIF and GSKF shows the largest 

variability and high pollution level (PM10) whereas residential and other areas show low 

variability. Higher variability for PM2.5 seen in winter month than summer at all sites. 

Highest variability for PM2.5 at SJIF in winter.  It is to be noted that variability is much 

higher in winter than in summer. 

 

Figure 2.72: Box plot distribution for PM10 (winter and summer) 
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Figure 2.73: Box plot distribution for PM2.5 (winter and summer) 

 

Figure 2.74: Box plot distribution for NO2 (winter and summer) 
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Figure 2.75: Box plot distribution for OC (winter and summer) 

 

 

Figure 2.76: Box plot distribution for EC (winter and summer) 
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2.4.6.2 Statistics of t-Test for Seasonal Comparison 

Student t-test statistics are performed at 5% level of significance to estimate if winter levels 

are higher (or lower) than summer levels for PM10, PM2.5, NO2, SO2 and carbon content (EC 

and OC). It is observed from Table 2.78 that PM10, PM2.5, OC, EC and NO2 levels are higher 

at all sites. There is no significant difference in SO2 levels at all the sites in summer and 

winter. 

In general, PM10 in winter and summer are not different in a statistical sense at 5% level of 

significance. The information on seasonal composition of PM can assist in identifying the 

various sources contributing to ambient pollution level.  

Table 2.78: Statistical Comparison Winter Vs Summer  

 

2.5 Interpretations and Inferences 

Based on the extensive air quality measurements in summer and winter months and critical 

analyses of air quality data, the following inferences and insights are drawn for developing 

causal relationship between emission and impact through receptor modelling (Chapter 5). 

Season-wise, site specific average air concentration of PM10, PM2.5 and their compositions 

have been referred to bring the important inferences to the fore. 

- Particulate pollution is the main concern in the city where PM10 levels are 1.4 – 3.6 

times higher than the national air quality standards in summer and winter months and 

PM2.5 levels are 1.0 – 4.7 times higher than the national standard in summer and winter 

months. However, PM2.5 meets the NAAQS at most sites in summer season. 

- The chemical composition of PM10 and PM2.5 carries the signature of sources and their 

harmful contents. The chemical composition is variable depending on the size fraction 

        Parameter 

Site 
PM10 PM2.5 OC EC NO2 

JMDF      

GCRF      

SJIF      

GSKF      

          No significant difference 
        (Levels higher in 

winter) 

* No pollutant showed lower concentration 
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of particles and the season. The PM levels and chemical composition are discussed 

separately for two seasons.  

Winter - PM10 

The overall average concentration of PM10 in winter season is 378±36 µg/m3 against 

the acceptable level of 100 µg/m3.  Highest levels were observed at GCRF and lowest 

at GSKF.  

The crustal component (Si + Al + Fe + Ca) accounts for about 22% (slightly less 

compared to 25% in summer). This suggests soil and road dust have reduced in PM10 

in winter. The coefficient of variation (CV) is about 0.14 (of fraction of crustal 

component) which suggests the crustal source contributes inconsistently to winter 

though much less compared to summer season.  

The other important component is the secondary particles (NO₃⁻ + SO₄⁻² + NH₄⁺), 

which account for about 16% of total PM10 and combustion related total carbon (TC 

= EC + OC) accounts for about 20%; both fractions of secondary particles and 

combustion related carbons have increased in winter and account for 36% of PM10.  

The Cl- content in PM10 in winter is not consistent and varies between 2 - 5 percent, 

which is an indicator of burning of municipal and plastic solid waste (MSW); recall 

poly vinyl chloride (PVC) is a major part of MSW.  The highest Cl- content is observed 

at GCRF at 18.15 µg/m3 compared to overall city level of 14.7 µg/m3. The high level 

at GCRF signifies some local burning of waste either in industrial processes or as a 

means of disposal of solid waste.  

Winter - PM2.5 

The overall average concentration of PM2.5 in winter is 283±28 µg/m3 against the 

acceptable level of 60 µg/m3. The highest levels are observed at GCRF 318±70 µg/m3 

and lowest at JMDF 253±64 µg/m3. The crustal component increased to 22% in PM2.5 

in winter compared to 15% in summer. 

The other important components secondary particles (NO₃⁻ + SO₄⁻² + NH₄⁺), which 

account for 17% of total PM2.5 and combustion related total carbon (EC+OC) accounts 

for 20%; both secondary particles and combustion related carbon are consistent 
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contributors to PM2.5 at about 337%. Highest level of TC was observed at GCRF at 

61.9 µg/m3.  

The Cl- content in PM2.5 winter is not consistent and varies between 2 – 5 percent 

which is an indicator of burning of municipal solid waste (MSW).  

Summer - PM10 

The overall average concentration of PM10 in summer season was 138±21 µg/m3 

against the acceptable level of 100 µg/m3.  

The crustal component (Si + Al + Fe + Ca) accounts for about 24 percent of total PM10 

in summer. This suggests airborne soil and road dust are the major sources of PM10 

pollution in summer. The coefficient of variation (CV) is about 0.25, which suggests 

the sources are consistent all around the city forming a layer which envelopes the city. 

The areas of SJIF and JMDF have the highest crustal fraction (around 27-25% of total 

PM10). It is difficult to pinpoint the crustal sources as these are widespread and present 

all around in Firozabad and are more prominent in summer when soil and dust are dry 

and high-speed winds make the particles airborne. It was observed that in summer the 

atmosphere looks light brownish which can be attributed to the presence of large 

amounts of soil dust particles in the atmosphere.  

The second significant component is the secondary particles (NO₃⁻ + SO₄⁻² + NH₄⁺), 

which account for 10 percent of total PM10 and combustion related total carbon 

(EC+OC) accounts for about 16 percent.  The secondary particles are formed in the 

atmosphere because of reaction of precursor gases (SO2, NOx and NH3) to form NO₃⁻, 

SO₄⁻², and NH₄⁺. The combustion related contribution is relatively less in PM10 in 

summer.  

The Cl- content in PM10 in summer is inconsistent at 4-8 percent, which is an indicator 

of burning of municipal solid waste (MSW) and has a higher contribution in summer 

than winter. 

Summer - PM2.5 

The overall average concentration of PM2.5 in summer season is 61±4 µg/m3 within 

the acceptable level of 60 µg/m3.  
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The crustal component (Si + Al + Fe + Ca) accounts for about 15% of total PM2.5. This 

suggests airborne soil and road dust is a significant source of PM2.5 pollution in 

summer. The CV is about 0.03, which suggests the source is consistent all around the 

city.  

The second important component is combustion related total carbon (EC+OC), which 

account for 25% of total PM2.5 and secondary particles (NO₃⁻ + SO₄⁻² + NH₄⁺) 

accounts for 13%; both fractions of secondary particles and combustion related 

carbons account for a larger fraction in PM2.5 than in PM10. All three potential sources, 

crustal component, secondary particles and combustion contribute consistently to 

PM2.5 in summer.  

The Cl- content in PM2.5 in summer is inconsistent at 6-8 percent which is an indicator 

of burning of municipal solid waste (MSW) and has a similar contribution to PM2.5 

and PM10.  This is relatively lower in summer than in winter. 

Potassium levels  

In general potassium levels are moderate and consistent for PM10 (1.02 to 3.63 µg/m3) 

in winter and summer and in PM2.5 (1.66 to 2.59 µg/m3) in winter. In general potassium 

level should be less than 2 µg/m3. Potassium is an indicator of biomass burning and 

high levels and variability (CV ~ 0.30) show significant biomass burning and it is 

consistent both in summer and winter.  

NO2 levels 

NO2 levels in winter are higher than those in summer at all sites and the levels meet 

the national air quality standard of 80 µg/m3. The highest NO2 levels were at JMDF 

(56.86 µg/m3), a commercial site. In addition, high levels of NO2 are expected to 

undergo chemical transformation to form fine secondary particles in the form of 

nitrates, adding to high levels of existing PM10 and PM2.5. SO2 levels in the city were 

well within the air quality standard. 

General inferences 

Levels of PM2.5 and NO2 are statistically higher (at all locations) in winter months than 

in summer months by about 42-60%. The levels of PM10 are statistically higher at all 
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sites. In general air pollution levels in ambient air (barring traffic intersections) are 

uniform across the city suggesting entire city is stressed under high pollution; in a 

relative sense, GCRF is most polluted followed by SJIF and JMDF.  

It is to be noted that OC3/TC ratio is above 0.20 and highest among ratio of fraction 

of OC to TC.  It suggests a significant component of secondary organic aerosol is 

formed in atmosphere due to condensation and nucleation of volatile to semi volatile 

organic compounds, which suggests emissions within and outside of Firozabad. 

Total PAH levels (17 compounds; particulate phase) in winter is very high at 87 ng/m3; 

However, PAH levels in summer drop significantly to 33 ng/m3.  The highest PAH 

levels observed at GCRF in winter (99 ng/m3) and in summer (39 ng/m3). 

The concentrations of molecular markers in PM2.5 (total of 6 compounds) are also 

higher in winter (233 ng/m3) than in summer (71 ng/m3) indicating presence of 

common sources of emissions from coal, gasoline and domestic fuel.  

The total BTX levels are higher in winter (7.4 µg/m3) than in summer (5.12 µg/m3). 

Although the emission rate is expected to be high in summer due to higher 

temperature, but the concentration is low due to better dispersion and large ventilation 

coefficient. The benzene did not exceed the annual national standard (5 µg/m3).  

In a broad sense, air is more toxic in winter than in summer as it contains much larger 

contribution of combustion products in winter than in summer months. 

In a broad sense, fractions of secondary particles of both PM10 and PM2.5 in two seasons 

were consistent and need to be controlled for better air quality in Firozabad. Combustion 

sources, vehicles, coal, biomass burning and MSW burning are other consistent sources in 

winter and require a strategy to control these sources. In summer, air quality cannot be 

improved unless we find effective control solutions for soil and road dust, fly ash re-

suspension. Possible effective mixture of control options is discussed in Chapter 6. 
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3 Emission Inventory 

3.1 Introduction 

Emission inventory (EI) is a necessity for planning air pollution control activities, and it 

provides a reliable estimate of total emissions of different pollutants and their spatial and 

temporal distribution and identification and characterisation of primary sources. This 

information on EI is an essential input to air quality models for developing strategies and 

policies. In this chapter, the emission inventory of the study area for the year 2019 is 

presented. 

The Emission Inventory included in this report is derived from the Rapid source 

apportionment study report earlier prepared and submitted to UPPCB by our team. Its 

incorporation here ensures consistency with the prior study and avoids unnecessary 

duplication of work. 

3.2 Methodology 

The stepwise methodology adopted for this study is presented in Figure 3.1. 

 

Figure 3.1: Stepwise methodology and major tasks  
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3.2.1 Categorization of Sources 

The air quality of a region is affected by emissions from different sources. Depending upon 

the emissions from sources, their contribution to air quality varies. It is important to identify 

and quantify these sources to control the emission and thereby improve the air quality. Air 

pollution sources are widely categorized as area (domestic and fugitive combustion type 

emission sources), industrial (point and area) sources and vehicular (line) sources. The 

source category and type of sources are shown in Figure 3.2.  

 

Figure 3.2: Source category and type of sources 

3.2.2 Data Collection 

The IITK team collected the primary and secondary activity data. Domestic surveys, 

vehicular traffic count, parking lane surveys, road dust, etc., were physically done in the 

study area for primary data generation. The main sources of secondary data collection are 

from UPPCB, the Census of India, and CPCB website, the Transport Department, and toll 

plazas. The information has also been collected through the Internet by visiting various 

websites. Although all possible efforts have been made to collect the data, some 

information/data could be missing. 

3.2.3 Digital Data Generation and Land-use Map 

The land-use map of the study area is prepared in terms of agriculture, vegetation, industrial, 

water bodies, road network, settlements, and open areas. (Figure 3.3 to Figure 3.11). 
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Figure 3.3: Firozabad wards and city boundary 

 

Figure 3.4: Agricultural area map 
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Figure 3.5: Vegetation map 

 

Figure 3.6: Industrial area map 
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Figure 3.7: Water bodies area map 

 

Figure 3.8: Road network map 
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Figure 3.9: Settlement area map 

 

Figure 3.10: Open area map 
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Figure 3.11: Land use map of Firozabad city 

At the time of the development of the emission inventory, a suitable coding system was 

adopted to avoid confusion and misrepresentation of results and interpretation. The 

emissions have been calculated for Firozabad city. The grid map of Firozabad with grid 

identity numbers is shown in Figure 3.12. The study area was divided into grids of 500 m × 

500 m. 

 

Figure 3.12: Grid map of Firozabad city showing grid identity numbers 
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3.2.4 Emission Factor 

An emission factor is a representative value that attempts to relate the quantity of a pollutant 

released to the atmosphere with an activity associated with releasing that pollutant. These 

factors are usually expressed as the mass of pollutant per unit mass of raw material, volume, 

distance traveled, or duration of the activity (e.g., grams of particulate emitted per kilogram 

of coal burnt). Such factors facilitate the estimation of emissions from various sources of air 

pollution. In most cases, these factors are simply averaging of all available data of 

acceptable quality. They are generally assumed to be representative of long-term averages 

for all facilities in the source category. 

The general equation for emissions estimation is:  

)100/1( EREFAE −=   .............. Equation 1 

Where:  

E = Emissions rate; 

A = Activity rate; 

EF = Emission factor, and 

ER = Overall emission reduction efficiency, % 

3.2.5 Domestic Sector 

The interior boundaries in the map (Figure 3.3) show the administrative boundaries of wards 

in Firozabad city. The projected population of Firozabad city for the year 2019 is 

approximately 800000. The emission from the domestic sector for the city is calculated. The 

population-wise fuel consumption pattern shows LPG (85%) consumption (CEEW Report, 

2019), Wood (9.6%), Crop residue (1.2%), Dung (1.1%), Coal (1.3%), and Kerosene 

(0.7%). During the field survey, it was observed that most economically weaker/ slum areas 

use wood and dung as fuel for cooking, although they have been given LPG cylinders.  

The area of wards was calculated using GIS, and the emission density for each ward is 

calculated for different pollutants (PM10, PM2.5, SO2, NOx, and CO). The emission factors 

given by CPCB (2011) and AP-42 (USEPA, 2000) were used for each fuel type.  

After obtaining the area of wards, the emission density (e.g., PM10 per sq. km) for each ward 

was calculated for different pollutants (PM10, PM2.5, SO2, NOx, and CO). The emission 
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density in terms of kg/d/m2 in each ward was calculated based on the population and area 

of the ward.  

Emission Density (kg/d/ m2) = Emission of Ward (kg/d) / Ward Area (m2)...... Equation 2 

For calculating emissions in a grid that may contain more than one ward, the fraction of the 

area of each ward falling inside that grid was calculated, and with the help of the emission 

density of the ward and its faction in the grid (Pathak et. al. 2020), the emissions in the grid 

were calculated 

𝐺𝑟𝑖𝑑 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = ∑
(𝑎𝑟𝑒𝑎 𝑜𝑓 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑤𝑎𝑟𝑑 𝑖 𝑖𝑛 𝑔𝑟𝑖𝑑 ×

 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑟𝑑, 𝑖)
𝑁
𝑖=1 .................... Equation3 

Where  

 N= no. of wards in the grid 

 i = ith ward in the grid 

The emissions from the domestic sector in Firozabad city are given in Figure 3.13. The 

emission contributions in this sector from different fuel types and different pollutants are 

shown in Figure 3.14 to Figure 3.18. The spatial distribution of different pollutants is shown 

in Figure 3.19 to Figure 3.23. 

 

Figure 3.13: Emission load from domestic sector (kg/d) 
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Figure 3.14: PM10 Emission load from domestic sector (kg/d, %) 

 

Figure 3.15:  PM2.5 Emission load from domestic sector (kg/d, %) 

 

Figure 3.16:  SO2 Emission load from domestic sector (kg/d, %) 
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Figure 3.17:  NOx Emission load from domestic sector (kg/d, %) 

 

Figure 3.18:  CO Emission load from domestic sector (kg/d, %) 
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Figure 3.19: Spatial distribution of PM10 Emissions from domestic sector 

 

Figure 3.20: Spatial distribution of PM2.5 emissions from domestic sector 
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Figure 3.21: Spatial distribution of SO2 emissions from domestic sector 

 

Figure 3.22: Spatial distribution of NOx emissions from domestic sector 
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Figure 3.23: Spatial distribution of CO emissions from domestic sector 

3.2.6 Construction and Demolition 

A detailed survey was undertaken to assess construction and demolition activities. The 

major construction activities include large constructions (residential, commercial, roads, 

and industrial). Information about construction was obtained from Firozabad Nagar Nigam, 

PWD, CPWD, and field surveys. The satellite imagery was also used to validate the 

construction activities. Nearly at all construction sites, the construction material and debris 

(lying in the open, without cover) are stored outside the construction premises, mainly near 

the road. The areas under construction activities were calculated based on survey data and 

GIS-based calculations. The location of construction and demolition sites in Firozabad city 

is given in Figure 3.24. 
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Figure 3.24: Location of construction and demolition sites at Firozabad city 

The Emission load of PM10 and PM2.5 from construction and demolition is 35 kg/d and 8 

kg/d (Figure 3.25). The construction sites and debris associated with generating particulate 

emissions are shown in Figure 3.26. The spatially resolved emission map of construction 

and demolition activities is shown in Figure 3.27 and Figure 3.28.  

 

Figure 3.25: Emissions from construction and demolition (kg/d) 
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Figure 3.26: Construction material and debris near construction sites 

 

Figure 3.27: Spatial distribution of PM10 emissions from construction/demolition 
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Figure 3.28: Spatial distribution of PM2.5 Emissions from construction/demolition 

3.2.7 Hotels, Restaurants, Guest Houses (GHs), and Banquet Halls (BHs) 

The IITK team conducted the primary survey to identify the hotels and restaurants with 

more than a sitting capacity of ten persons and other eating joints.  

During the field survey, it was observed that hotels, restaurants, etc. use coal as fuel in 

tandoors. The common fuel other than wood is LPG. The total number of Hotels, 

Restaurants, Guest Houses (GHs), and Banquet Halls (BHs) are approximately 210 (Figure 

3.29). The average consumption of wood/coal in each establishment is estimated to be 80 

kg per day based on a primary survey. The fuel consumption for each fuel type was 

estimated for each grid. The emissions of various pollutants such as PM10, PM2.5, SO2, NOx, 

and CO were estimated from the activity data from each fuel type and then summed up in 

each grid. The overall emission from this area source (Hotels, Restaurants, GHs, and BHs) 

is shown in Figure 3.30. The spatial distribution of emissions is shown in Figure 3.31 to 

Figure 3.35. 
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Figure 3.29: Location of hotels, restaurants, GHs & BHs 

 

Figure 3.30: Emission load from hotels, bakeries, and restaurants (kg/d) 
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Figure 3.31: Spatial distribution of PM10 emissions from hotels, restaurants, GHs and 

BHs 

 

Figure 3.32: Spatial distribution of PM2.5 emissions from hotels, restaurants, GHs and BHs 
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Figure 3.33: Spatial distribution of SO2 emissions from hotels, restaurants, GHs and BHs 

 

Figure 3.34: Spatial distribution of NOx emissions from hotels, restaurants, GHs and BHs 
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Figure 3.35: Spatial distribution of CO emissions from hotels, restaurants, GHs and BHs 

3.2.8 Municipal Solid Waste Burning 

Open-burning activities are broadly classified into refuse and biomass burning. The refuse 

or municipal solid waste (MSW) burning depends on solid waste generation and the extent 

of disposal and infrastructure for collection. The Solid waste generation is around 269.1 

MT/day and the waste collected is approximately 259.7 MT/day. The MSW collection 

efficiency is 96.5% in Firozabad city (UPPCB SWM Annual Report 2019-20), and several 

events of MSW burning have been observed during the city survey. The survey was 

conducted on weekdays and weekends and the frequency of MSW burning events is 

calculated in the low-, middle: and higher-income areas. The MSW burning at different 

locations in Firozabad city is shown in Figure 3.36.  
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Figure 3.36: MSW burning in Firozabad city 

The emission factors given by CPCB (2011) and AP-42 (USEPA, 2000) were used for 

estimating the emission from MSW burning using the same procedure of emission density 

in a ward or village. The emissions from MSW burning are presented in Figure 3.37 and 

spatial distribution in Figure 3.38 to Figure 3.42. 

 

 

Figure 3.37: Emission load from MSW burning (kg/d) 

75
51

5
28

396

0

100

200

300

400

500

PM₁₀ PM₂․₅ SO₂ NOx CO

E
m

is
si

o
n

s 
(K

g
/D

ay
)

MSW Burning

8302



 

130 

 

Figure 3.38: Spatial distribution of PM10 emissions from MSW burning 

 

Figure 3.39: Spatial distribution of PM2.5 emissions from MSW burning 
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Figure 3.40: Spatial distribution of SO2 emissions from MSW burning 

 

Figure 3.41: Spatial distribution of NOx emissions from MSW burning 
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Figure 3.42: Spatial distribution of CO emissions from MSW burning 

3.2.9 Hospitals 

A detailed survey was undertaken to estimate the emission from hospitals in Firozabad city. 

There are approximately 71 hospitals in the city (Figure 3.43). The overall emissions from 

hospitals along with their average DG set capacity of 106 KVA and running two hours in a 

day are presented in Table 3.1. The emission load from hospitals is given in  

Figure 3.44. The Spatial distribution of emissions from Hospitals is given in Figure 3.45 to 

Figure 3.49. 
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Figure 3.43: Locations of hospitals in Firozabad city 

Table 3.1: Hospitals details in Firozabad city (emissions in kg/d) 

No. of Hospitals 

DG set Average 
PM10 PM2.5 SO2 NOx CO 

 Capacity 

KVA 
Running (kg/d) 

  

(kg/d) 

  

(kg/d) 

  

(kg/d) 

  

(kg/d) 

   Hour 

71 62.5 2 0.2 0.2 0.2 2.7 0.6 

 

 

Figure 3.44: Emission load from hospitals (kg/d) 
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Figure 3.45: Spatial distribution of PM10 emissions from hospitals 

 

Figure 3.46: Spatial distribution of PM2.5 emissions from hospitals 
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Figure 3.47: Spatial distribution of SO2 emissions from hospitals 

 

Figure 3.48: Spatial distribution of NOx emissions from hospitals 
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Figure 3.49: Spatial distribution of CO emissions from hospitals 

3.2.10 Industries 

There are approximately 153 industrial units with boilers and furnaces (electric and melting 

furnaces) that contribute to particulate and gaseous emissions (Table 3.2). Major fuels that 

contribute to emissions are HSD, Wood, Coal, Rice Husk, and LPG. The industrial locations 

are given in Figure 3.50. The information on stacks, fuel, and their consumption was 

obtained from UPPCB. AP-42 (USEPA, 2000) emission factors were used to calculate the 

emissions. For further analysis, the industries are categorized based on stack height as an 

area source (stack height < 15 m) and as a point source (stack height > 15 m).  The major 

emissions were from the large point source industries. 
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Figure 3.50: Locations of industries in Firozabad city 

Table 3.2: Furnace/Boiler details in Firozabad (emissions in kg/d) 

(Source: Consent Data) 

Boiler/Furnace 

Type 

Fuel used in 

Boiler/Furnace 

No of 

Furnaces/ 

Boilers 

PM10 PM2.5 SO2 NOx CO 

Pot Furnace 
Natural Gas, 

LPG 
80 54 54 414 991 594 

Tank Furnace Natural Gas 70 81 81 626 1498 899 

Folding 

Furnace 
Natural Gas 1 0.4 0.4 3 7 4 

Boiler Natural Gas 1 1 1 9 22 13 

Hot Air 

Generator 
Natural Gas 1 1 1 11 27 16 

Total 153 137 137 1063 2545 1527 

 

Industries as Area Source 

Figure 3.51 presents the overall industry emissions (stack height < 15 m) as an area source. 

There are around 8 industrial units categorized as area sources in Firozabad city. The 
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boiler/baby boilers are majorly falling under this category. The spatial distribution of 

industries (area source) lying within the boundary is shown in Figure 3.52 to Figure 3.56. 

 

Figure 3.51: Emission load from industries as area source (kg/d) 

 

Figure 3.52: Spatial distribution of PM10 emissions from industries as an area source 
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Figure 3.53: Spatial distribution of PM2.5 emissions from industries as an area source 

 

Figure 3.54: Spatial distribution of SO2 emissions from industries as an area source 
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Figure 3.55: Spatial distribution of NOx emissions from industries as an area source 

 

Figure 3.56: Spatial distribution of CO emissions from industries as an area source 
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Industries as Point Source 

The industries having a stack height of more than 15 m have been taken as a point source. 

There are approximately 145 industries that have stack heights of more than 15 meters. The 

emission of pollutants from industries as a point source is shown in Figure 3.57.

 The 

spatial distribution of emissions from industries (point source) lying within the boundary is 

presented in Figure 3.58 to Figure 3.62. 

 

Figure 3.57: Emission load from industries as point source (kg/d) 
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Figure 3.58: Spatial distribution of PM10 emissions from industries as point source 

 

Figure 3.59: Spatial distribution of PM2.5 emissions from industries as point source 
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Figure 3.60: Spatial distribution of SO2 emissions from industries as point source 

 

Figure 3.61: Spatial distribution of NOx emissions from industries as point source 
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Figure 3.62: Spatial distribution of CO emissions from industries as point source 

3.2.11 Industrial Diesel Generator Sets (Industrial DG sets) 

The industries use DG sets as a backup; approximately 27 DG sets are installed in industries 

(source: consent data; Figure 3.63). The capacities of DG sets are in the range of 5 KVA to 

1200 KVA with an average capacity of 180 KVA. During the industrial survey, it was found 

that these DG sets operate for two hours per day. Most industries use diesel as fuel for 

generator sets. The total emissions from DG sets are shown in Figure 3.64 and the spatial 

distribution of emissions from DG Sets lying within the boundary is shown in Figure 3.65 

to Figure 3.69. 
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Figure 3.63: Location of industrial DG sets 

 

Figure 3.64: Emission load from industrial DG sets (kg/d) 
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Figure 3.65: Spatial distribution of PM10 emissions from industrial DG sets 

 

Figure 3.66: Spatial distribution of PM2.5 emissions from industrial DG sets 
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Figure 3.67: Spatial distribution of SO2 emissions from industrial DG sets 

 

Figure 3.68: Spatial distribution of NOx emissions from industrial DG sets 
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Figure 3.69: Spatial distribution of CO emissions from industrial DG sets 

3.2.12 Parking Lot Survey 

To obtain the prevalence of vehicle technology types operating in the city and fuel use, 

parking lot questionnaire surveys (engine technology and capacity, vehicle age, fuel use, 

etc.) were done at four locations (Karku Kothi Tiraha, Jain Temple Tiraha, Shanti Road 

Chauraha, and New Bypass Chauraha) in the city of Firozabad. ARAI (2011) and CPCB 

(2011) emission factors were used to calculate vehicle emissions. Figure 3.70 to Figure 3.72 

present parking lane survey results for 2Ws, 3Ws, and 4Ws in terms of engine size and year 

of manufacturing. This information is vital in calculating the emission from vehicles on the 

road. The emission factors vary considerably for engine size, fuel use, and age of the 

vehicles. 
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Figure 3.70: Distribution of 2-Ws in the study area (parking lot survey) 

 

Figure 3.71: Distribution of 3-Ws in the study area (parking lot survey) 
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Figure 3.72: Distribution of 4-Ws in the study area (parking lot survey) 

3.2.13 Vehicular-Line Sources 

The average daily flow of vehicles in each hour for 2Ws, 3Ws, 4Ws, LCVs, buses, and 

trucks at seven locations was obtained by video recording (Figure 3.73). From these four 

locations (Karku Kothi Tiraha, Jain Temple Tiraha, Shanti Road Chauraha, and New Bypass 

Chauraha), the traffic data were extrapolated for the remaining grids. Road lengths in each 

grid for major and minor roads were calculated from the digitized maps using the ArcGIS 

tool, ArcMap, and extracted into the grids. The traffic counts were translated into the 

vehicles (and their types) on the roads in each grid (Nagar et. al. 2019). Wherever it was 

feasible, either traffic flow was taken directly from the traffic data. For interior grids, traffic 

from medium roads going the highways was taken to flow in the interior part of the city. 

The emissions from each vehicle category for each grid are estimated and summed up. 
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Figure 3.73: Location of traffic survey points in Firozabad city 

The emissions from railway locomotives are not taken into consideration, as the emissions 

are negligible in comparison with the vehicles and other sources. The emission from 

vehicles is shown in Figure 3.74. 

The emission contribution of each vehicle type in Firozabad is presented in Figure 3.75 to 

Figure 3.79. The spatial distribution of emissions from vehicles is presented in Figure 3.80 

to Figure 3.84. 

 

Figure 3.74: Emission load from vehicles (kg/d) 
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Figure 3.75: PM10 Emission load contribution of each vehicle type (kg/d) 

 

Figure 3.76: PM2.5 Emission Load contribution of each vehicle type (kg/d) 

 

Figure 3.77: SO2 Emission load contribution of each vehicle type (kg/d) 
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Figure 3.78: NOx Emission load contribution of each vehicle type (kg/d) 

 

Figure 3.79: CO Emission load contribution of each vehicle type (kg/d) 
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Figure 3.80: Spatial distribution of PM10 emissions from vehicles 

 

Figure 3.81: Spatial distribution of PM2.5 emissions from vehicles 
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Figure 3.82: Spatial distribution of SO2 emissions from vehicles 

 

Figure 3.83: Spatial distribution of NOx emissions from vehicles 
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Figure 3.84: Spatial distribution of CO emissions from vehicles 

3.2.14 Traffic Congestion 

Transportation infrastructure within Firozabad, however, has lagged behind the city’s rapid 

population growth, and traffic jams have become common. Taxis, auto-rickshaws, e-

rickshaws, private vehicles, and suburban bus and rail services provide local transport. 

Firozabad is facing the problem of regulating inter-city traffic and city traffic, including 

encroachment on the city and major highways. Due to the heterogeneous composition of 

Autos, Tempos, Rickshaws, Cycles, two-wheelers, cars, and other small goods vehicles, 

traffic movement is very slow.  

The typical Traffic conditions at different locations in Firozabad are given in Figure 3.85. 

The figure depicts the traffic report of Firozabad for four traffic hotspots of the city for the 

7 days of the week. 

 The colour coding used here is Red, Orange, and Green, indicating the slow traffic to fast 

traffic movement. Jain Temple Tiraha and New Bypass Chauraha have been seeing most of 

the traffic in the morning span in the weekdays, resulting in most of the people accessing 

roads for the conveyance to their respective working spaces. 
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Table 3.3: Major traffic bottleneck points 

Karku Kothi Tiraha Jain Temple Tiraha 

Shanti Road Chauraha New Bypass Chauraha 

 

 

Figure 3.85: Typical traffic conditions at different locations in Firozabad city 

Green = smooth traffic 

Orange = slow-moving traffic 

Red = Heavy traffic with congestion 
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3.2.15 Paved and Unpaved Road Dust 

Dust emissions from paved and unpaved roads have been found that vary with the ‘silt 

loading’ present on the road surface and the average weight of vehicles traveling on the 

road. Silt loading (sL) refers to the mass of the silt-size material (equal to or less than 75 μm 

in physical diameter) per unit area of the travel surface. The quantity of dust emissions from 

the movement of vehicles on a paved or unpaved road can be estimated using the following 

empirical expression: 

                𝐸 =
[𝑘 (

𝑠𝐿

2
)

0.65
× (

𝑊

3
)

1.5
×𝑉𝐾𝑇]

1000
............................... Equation 4 

Where; 

 E = emission from road dust (kg/d) 

VKT = vehicle kilometer travel 

sL = road surface silt loading (grams per square meter) (g/m2), and 

W = average weight (tons) of the vehicles travelling the road. 

k = constant (a function of particle size) in g VKT-1 (vehicle kilometer travel) 

The road dust sampling was carried out at seven locations (Figure 3.86). The silt loads (sL) 

sampling as an example, is shown for two locations (Figure 3.87). Then mean weight of the 

vehicle fleet (W) was estimated by giving the weightage to the percentage of vehicles of all 

types with their weight, then the emission rate (g VKT-1) was calculated. The emission loads 

from paved and unpaved roads were calculated using equation 4 and shown in Figure 3.89. 

The spatial distribution of Emissions from Road Dust Re-suspension is presented in Figure 

3.90 and Figure 3.91. 
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Figure 3.86: Road dust sampling locations 

 

Figure 3.87: Road dust sampling in the city of Firozabad 
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Figure 3.88: Road dust deposition on the road 

  

Figure 3.89: Emissions from road dust in Firozabad (Kg/d) 
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Figure 3.90: Spatial distribution of PM10 emissions from road dust re-suspension 

  

Figure 3.91: Spatial distribution of PM2.5 emissions from road dust re-suspension 
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3.2.16 Brick Kilns 

Brick kilns are one of the air-polluting sources. It is important to cover this sector in terms 

of emissions, although most of the brick kilns lie outside the city boundary apart from four, 

which lie inside of the city boundary (Figure 3.92). These brick kiln affects the local air 

quality of the city. A detailed survey was conducted by the IITK team and activity data were 

collected (Figure 3.3: Firozabad wards and city boundary). These kilns use wood and coal 

as fuel. The emissions of various parameters such as PM10, PM2.5, SO2, NOx, and CO were 

estimated from the activity data from each fuel type and then summed up in each grid cell. 

The emission factors given by CPCB (2011) were used. The overall emission from brick 

kilns is shown in Figure 3.93. The spatial distribution of Brick Kilns with respect to the 

Firozabad city boundary is given in Figure 3.94 to Figure 3.98. 

 

Figure 3.92: Location of Brick kilns in Firozabad 
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Figure 3.93:  Emission Load from Brick kilns (kg/day) 

 

Figure 3.94:  Spatial Distribution of PM10 Emissions from Brick Kilns 
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Figure 3.95: Spatial Distribution of PM2.5 Emissions from Brick Kilns 

 

Figure 3.96: Spatial Distribution of SO2 Emissions from Brick Kilns 
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Figure 3.97: Spatial Distribution of NOx Emissions from Brick Kilns 

 

Figure 3.98: Spatial Distribution of CO Emissions from Brick Kilns 
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3.3 City-Level Emission Inventory 

The overall baseline emission inventory for the entire Firozabad is presented in Table 3.4. 

The pollutant-wise contribution is shown in Figure 3.99 to Figure 3.103. The spatial 

distribution of pollutant emissions from all sources is illustrated in Figure 3.104 to Figure 

3.108. The pollutant-wise gridded emissions are provided in Annexure 2. 

Table 3.4: Firozabad city-level inventory (kg/d) 

Sources PM10 PM2.5 SO2 NOx CO 

Brick Kilns 164 115 213 64 408 

Domestic 743 561 144 425 3157 

MSW Burning 75 51 5 28 396 

Hotels, Restaurants, GHs and 

BHs 
186 97 123 68 326 

Construction and Demolition 35 8    

Industrial DG Sets 0.2 0.1 0.1 2.2 0.5 

Hospitals 0.04 0.03 0.03 0.53 0.11 

Industries 137 137 1063 2545 1527 

Vehicle 612 551 1 4582 5755 

Road Dust 12735 2907    

Total 14687 4427 1549 7717 11569 

 

The total PM10 emission load in the city is estimated to be 14687 kg/d. The top three 

contributors to PM10 emissions are Road Dust (87%), Domestic (5%), and Vehicles (4%); 

these are based on annual emissions. Seasonal and daily emissions could be highly variable. 

The estimated emission suggests that there are many important sources and a composite 

emission abatement including most of the sources was required to obtain the desired air 

quality. 

PM2.5 emission load in the city is estimated to be 4427 kg/d. The top three contributors to 

PM2.5 emissions are Road Dust (66%), Domestic (13%) and Vehicles (12%); these are based 

on annual emissions. Seasonal and daily emissions could be highly variable.  

SO2 emission load in the city is estimated to be 1549 kg/d. Industries (69%), and Brick Kiln 

(14%) are the main sources of SO2 contribution.   
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NOx emissions load in the city is estimated to be 7717 kg/d. The major contributors to NOx 

emissions vehicle (59%), Industries (33%), and Domestic (6%). 

The estimated CO emission is about 11569 kg/day. The major contributors to CO emissions 

are Vehicles (50%), Domestic (27%), Industries (13%), and Brick Kilns (4%). 

 

 Figure 3.99: PM10 Emission load contribution of different sources  

 

Figure 3.100: PM2.5 Emission load contribution of different sources  
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Figure 3.101: SO2 Emission load contribution of different sources  

 

Figure 3.102: NOx Emission load contribution of different sources  
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Figure 3.103: CO Emission load contribution of different sources  

 

Figure 3.104: Spatial distribution of PM10 emissions in Firozabad 
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Figure 3.105: Spatial distribution of PM2.5 emissions in Firozabad 

 

Figure 3.106: Spatial distribution of SO2 emissions in Firozabad 
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Figure 3.107: Spatial distribution of NOx emissions in Firozabad 

 

Figure 3.108: Spatial distribution of CO emissions in Firozabad 
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4  Receptor Modelling and Source Apportionment 

4.1 Receptor Modelling 

In a complicated urban atmosphere, identifying and quantifying the contribution of multiple 

emitting sources to air quality is challenging. However, recent advancements in chemical 

characterisation of PM have made it possible to apportion the sources contributing to air 

pollution, especially that of PM. Receptor modelling using source fingerprinting (chemical 

composition) can be applied quantitatively to know the sources of origin of particles. 

Mathematical models are frequently used to identify and to adopt the source reductions of 

environmental pollutants. There are two types of modelling approaches to establish source 

receptor linkages:  

1. Dispersion Modelling and 

2. Receptor source Modelling. 

The focus of modelling in this chapter is receptor modelling. Receptor model begins with 

observed ambient airborne pollutant concentrations at a receptor and seeks to apportion the 

observed concentrations between several source types based on the knowledge of the 

compositions of the sources and receptor materials (Cooper and Watson, 1980; Watson, 

1984; Javitz et al., 1988). There are two generally recognized classes of receptor Models: 

• Chemical elemental balance or chemical mass balance (CEM/CMB), and  

• Multivariate or statistical. 

CMB modelling is preferred if source profiles are known. In this Chapter, CMB technique 

has been attempted to fully understand contribution of each source to ambient air PM10 and 

PM2.5 concentrations. Positive matrix factorization (PMF) was used to get first-hand 

information about possible sources in the study area. However, extensive emission 

inventory undertaken in this study gave a good idea of possible sources in the study area.    

While (CEM/CMB) methods apportion sources using extensive quantitative source 

emission profiles, statistical approaches infer source contribution without a prior need of 

quantitative source composition data (Watson et al., 1994). The CMB method assumes that 

there is linearity in concentration of aerosol and their mass is conserved from the time a 

chemical species is emitted from its source to the time it is measured at a receptor. That is, 

if p sources are contributing Mj mass of particulates to the receptor (Watson et al., 2004), 
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where, m is the total mass of the particulate collected on a filter at a receptor site, F’ij is the 

fraction of chemical species i in the mass from source j collected at the receptor and Fij is 

the fraction of chemical i emitted by source j as measured at the source. The mass of the 

specific species, mi, is given by the following: 
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Where, Mij is the mass of element i contributed to the receptor from source j.  Dividing both 

sides of equation by the total mass of the deposit collected at the receptor site, it follows that  
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where, Ci is the concentration of chemical component i measured at the receptor (air filter) 

and Sj is the source contribution; that is, the ratio of the mass contributed from source j to 

the total mass collected at receptor site. 

If the Ci and Fij at the receptor for all p of the source types suspected of affecting the receptor 

are known, and p≤n (n = number of the species), a set of n simultaneous equations exist 

from which the source type contribution Sj may be calculated by least square methods. The 

software used for CMB 8.2 is developed by USEPA (2004).  

4.2 CMB Modelling: Source Apportionment of PM10 and PM2.5 

Since for PM2.5, Indian or Firozabad specific source profiles are not available except for 

vehicular sources (ARAI, 2009), the source profiles for this study were taken from 

‘SPECIATE version 3.2’ of USEPA (2006) and updated version 5.1 of SPECIATE 

(USEPA, 2020). For vehicular sources, profiles were taken from ARAI (2009). 

‘SPECIATE’ is a repository of Total Organic Compound (TOC) and PM speciated profiles 

for a variety of sources for use in source apportionment studies (USEPA, 2006, 2020); care 

has been exercised in adopting the profiles for their applicability in the local environment 
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of Firozabad city. For the sake of uniformity, source profiles for non-vehicular sources for 

PM10 and PM2.5 were adopted from USEPA (2006, 2020).  

The PM10 and PM2.5 monitoring data along with results of chemical speciation (described in 

Chapter 2) have been used in the application of CMB 8.2 model of USEPA (2004). The 

CMB model was run for each site for each day of sampling for two seasons (summer and 

winter) for PM10 and PM2.5 separately. The model results were analyzed in terms of R-

square (model fitting) and model-computed percent mass (compared to the measured mass). 

The CMB results for most measurements (over 85 percent) showed the R-square was above 

0.60. Model-computed mass accounted for more than 70 percent of measured mass. In this 

study, the degree of freedom (number species – number of sources) being more than 24, 

modelling results that gave R-square more than 0.55 were considered for further analyses. 

The results of CMB 8.2 at each location for each season are described in Section 5.3.  

HYSPLIT Model (NOAA, 2013) was run for back trajectory analysis to assist in the 

interpretation of results and to indicate how the sources located upwind of Firozabad could 

impact air quality in Firozabad.  

4.3 CMB Modelling Results and interpretation 

It may be noted that vehicular sources include all vehicles powered by gasoline, diesel and 

CNG. The CMB model could provide the contribution of vehicles as a single entity. 

However, the model could not fully resolve the source contribution from various vehicular 

fuels due to co-linearity in source profiles. In addition, LPG from domestic cooking is also 

part of vehicular emission due co-linearity in profiles.  

4.3.1 Jain Mandir, Firozabad (JMDF) 

4.3.1.1 Winter Season [sampling period: Nov. 21 – Dec. 06, 2022] 

PM10 (winter) 

The average PM10 concentration was 354 µg/m3. Figure 4.1 (a), (b), (c) represents PM10 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at JMDF. Table 4.1 presents a summary of performance and acceptability of 

CMB model. It is observed that the major PM10 source contributing to PM10 was soil and 
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road dust (99 µg/m3 ~ 28%) and vehicular emission (82 µg/m3 ~ 23%) followed by biomass 

burning (51 µg/m3 ~ 14%). The other major sources are SIA (50 µg/m3 ~ 14%), coal and 

flyash (36 µg/m3 ~ 10%), Municipal solid waste (MSW) burning (6.9%), construction 

materials (3.3%), and industrial emission is zero.  

PM2.5 (winter) 

The average PM2.5 concentration was 253 µg/m3 (i.e. about 0.32 of PM10). Figure 4.2 (a), 

(b), (c) represents PM2.5 contribution of sources in terms of concentration, percent 

contribution of sources and overall contribution (average over about 15 days) in terms of 

concentration and percentage respectively at JMDF. It is observed that the major PM10 

source contributing to PM10 was soil & road dust (63 µg/m3 ~ 24.9%) and vehicular 

emissions (61 µg/m3 ~ 24%) followed by biomass burning (46.1 µg/m3 ~ 18.2%). The other 

major sources are SIA (34.8 µg/m3 ~ 13.8%), coal & flyash (24 µg/m3 ~ 9.3%), MSW 

burning (5.6%), construction materials (3.9%), and industrial emission is zero. 

HYSPLIT back trajectories (Figure 4.3) indicate that wind is flowing from NW direction.  

Wind can pick up pollutants on the way, especially from large sources (e.g. desert soil and 

crop residue burning (CRB)) and tall emitting sources, but these contributions have not been 

quantified. 

 Inferences 

• Vehicular emission has major contribution to PM (23% for PM10 and 24% for PM2.5) 

at JMDF. 

• Biomass burning has significant contribution (15% for PM10 and 18% for PM2.5) to 

the PM at JMDF.  

• Soil & road dust contributes significantly to PM10 and PM 2.5 (28% for PM10 and 

25% for PM2.5).  

• The secondary particles contribute 14 % to both the PM. These particles are expected 

to source from precursor gases (SO2 and NOx) emitted from far distances. However, 

contribution of NOx from local sources, especially vehicles and power plants can 

also contribute to nitrates. For sulfates, the major contribution can be attributed to 

large power plants and refineries from long distances.  

• The MSW burning contribution is less. This emission is expected to be coming from 

regions of economically lower strata of society which do not have proper 

infrastructure for collection and disposal of solid waste.   
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Figure 4.1: CMB modelling for PM10 at JMDF for winter season 
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Figure 4.2: CMB modelling for PM2.5 at JMDF for winter season 
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Table 4.1: Statistical summary: JMDF, winter season 

 PM10 (µg/m3) PM2.5 (µg/m3) 

Parameter Measured Calculated % Mass R² Measured Calculated % Mass R² 

Average 354 358 101.4 0.73 253 260 104.1 0.90 

SD 94 93 3.5 0.08 64 55 6.8 0.08 

CV 0.27 0.26 0.03 0.11 0.25 0.21 0.06 0.09 

Maximum 541 545 108.6 0.87 354 348 118.1 0.96 

Minimum 226 226 95.8 0.52 145 172 97.3 0.71 

 

 

Figure 4.3: Backward trajectories at JMDF for winter season 

 

4.3.1.2 Summer Season [sampling period: April 29 – May. 14, 2023] 

PM10 (summer) 

The average PM10 concentration was 142 µg/m3. Figure 4.4 (a), (b), (c) represents PM10 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at JMDF.Table 4.2 presents a summary of performance and acceptability of 

CMB model. It is observed that the major PM10 source contributing was soil & road dust 

(47 µg/m3 ~ 33%) followed by vehicular emission (28.1 µg/m3 ~ 19.8%) and biomass 

burning (20.2 µg/m3 ~ 14.2%) in PM10. Other significant sources are MSW burning (14.5 

µg/m3 ~ 10.2%), coal and flyash (14 µg/m3 ~ 10%), SIA (9.8 µg/m3 ~ 7%) and construction 

material (2.7%) in PM10. The contribution of the industrial emissions was Zero PM10. 

PM2.5 (summer) 

Backward Wind Trajectories :  MDF (WINTER)

Coordinates : 27.16 N, 7 . 0 E
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The average PM2.5 concentration was 62 µg/m3; the PM2.5/PM10 ratio is about 0.33. Figure 

4.5 (a), (b), (c) represents PM2.5 contribution of sources in terms of concentration, percent 

contribution of sources and overall contribution (average over about 15 days) in terms of 

concentration and percentage respectively at JMDF. It is observed that the major source 

contributing in PM2.5 was soil & road dust (17 µg/m3 ~ 27%) followed by Biomass burning 

(11.4 µg/m3 ~ 18.4%), and MSW burning (10.3 µg/m3 ~ 16.6%) in PM10. Other significant 

sources are Vehicular emissions (9.6 µg/m3 ~ 15.5%), SIA (6.2 µg/m3 ~ 10.1%), Coal & 

flyash (5 µg/m3 ~ 8%) and construction material (4.3%) in PM10. The contribution of the 

industrial emissions was Zero PM10. 

HYSPLIT back trajectories (Figure 4.6) show that most of the time wind is from SW and 

NW; wind mass travels over Thar desert and part of Rajasthan and Punjab before entering 

in Firozabad. These winds pick up pollutants on the way especially from tall emitting 

sources. 
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Figure 4.4: CMB modelling for PM10 at JMDF for summer season 
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Figure 4.5: CMB modelling for PM2.5 at JMDF for summer season 

 

Table 4.2: Statistical summary: JMDF, summer season 

 PM10 (µg/m3) PM2.5 (µg/m3) 

Parameter Measured Calculated % Mass R² Measured Calculated % Mass R² 

Average 142 158 110.3 0.80 62 67 108.1 0.82 

SD 43 55 9.8 0.05 17 20 7.1 0.10 

CV 0.31 0.35 0.09 0.06 0.27 0.30 0.07 0.12 

Maximum 196 245 125.0 0.88 91 105 117.5 0.97 

Minimum 58 60 94.4 0.69 35 35 98.5 0.61 

 

 

Figure 4.6: Backward trajectories at JMDF for summer season 
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The major sources contributing to PM10 and PM2.5 are Soil & road dust, biomass burning 

and vehicular emission. It was observed that the atmosphere in summer looked white to 

gray indicating presence of large amounts of dust which may be due to high speeds wind 

and very dry conditions which makes the dust airborne. Occasional dust storms can also 

contribute to road/soil dust resuspension. MSW burning is contributing pretty high 

indicating poor handling of the garbage and solid waste.    

4.3.2 Gopinath College Rasulpur (GCRF) 

4.3.2.1 Winter Season [sampling period: Nov. 25 – Dec. 09, 2022] 

PM10 (winter) 

The average PM10 concentration was 429 µg/m3. Figure 4.7 (a), (b), (c) represents PM10 

contribution of sources in terms of concentration, percent contribution of sources and 

overall contribution (average over about 15 days) in terms of concentration and percentage 

respectively at GCRF. Table 4.3 presents a summary of performance and acceptability of 

CMB model. It is observed that the major PM10 source contributing was soil & road dust 

(110 µg/m3 ~ 26%) followed by Biomass burning (83 µg/m3 ~ 19.5%) in PM10 and 

Vehicular emission (82.9 µg/m3 ~ 19.3%). The other sources are SIA (71.6 µg/m3 ~ 

10.5%), MSW burning (40.7 µg/m3 ~ 9.5%), Coal & Flyash (24 µg/m3 ~ 6%) and 

construction material (3.7%). Contribution of the industrial emission was estimated to be 

zero in PM10. 

PM2.5 (winter)   

The average PM2.5 concentration was 318 µg/m3. Figure 4.8 (a), (b), (c) represents PM2.5 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at GCRF. It is observed that the major source contributing in PM2.5 was 

Vehicular emission (72.8 µg/m3 ~ 22.9%) followed by soil & road dust (72 µg/m3 ~ 23%), 

SIA (61 µg/m3 ~ 19%) and Biomass burning (56 µg/m3 ~ 17.6%). The other sources are 

MSW (35 µg/m3 ~ 11.0%), Coal & flyash (18 µg/m3 ~ 6%), and construction material 

(0.5%). Contribution of the industrial emission was estimated to be zero in PM2.5. 

HYSPLIT back trajectories (Figure 4.9) indicate that wind is flowing from NW direction.  

Wind can pick up pollutants on the way, especially from large sources (e.g. desert soil and 
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crop residue burning (CRB)) and tall emitting sources, but these contributions have not been 

quantified.  

 

 

 

Figure 4.7: CMB modelling for PM10 at GCRF for winter season 
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Figure 4.8: CMB modelling for PM2.5 at GCRF for winter season 

 

 

0
50

100
150
200
250
300
350
400
450

2
5

-N
o

v-
2

2

2
6

-N
o

v-
2

2

2
7

-N
o

v-
2

2

2
8

-N
o

v-
2

2

2
9

-N
o

v-
2

2

3
0

-N
o

v-
2

2

1
-D

ec
-2

2

2
-D

ec
-2

2

3
-D

ec
-2

2

4
-D

ec
-2

2

5
-D

ec
-2

2

6
-D

ec
-2

2

7
-D

ec
-2

2

8
-D

ec
-2

2

9
-D

ec
-2

2

A
ve

ra
ge

C
o

n
tr

ib
u

ti
o

n
 (

µ
g/

m
³)

(a) PM₂.₅: Source,  inter,  C  

Vehicles

MSW Burning

Soil and Road Dust

Construction Material

Coal and Flyash

Industrial

Biomass Burning

SIA

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

2
5

-N
o

v-
2

2

2
6

-N
o

v-
2

2

2
7

-N
o

v-
2

2

2
8

-N
o

v-
2

2

2
9

-N
o

v-
2

2

3
0

-N
o

v-
2

2

1
-D

ec
-2

2

2
-D

ec
-2

2

3
-D

ec
-2

2

4
-D

ec
-2

2

5
-D

ec
-2

2

6
-D

ec
-2

2

7
-D

ec
-2

2

8
-D

ec
-2

2

9
-D

ec
-2

2

A
ve

ra
ge

C
o

n
tr

ib
u

ti
o

n
 (

%
)

(b) PM₂.₅: %Source,  inter,  C  

Vehicles

MSW Burning

Soil and Road Dust

Construction Material

Coal and Flyash

Industrial

Biomass Burning

SIA

SIA, 61.04, 19%

Biomass Burning, 
56.15, 18%

Coal and Flyash, 
17.56, 6%

Construction 
Material, 1.52, 0%

Soil and Road 
Dust, 72.31, 23%

MSW Burning, 
35.53, 11%

Vehicles, 74.13, 
23%

(c) PM₂.₅: Mean,  inter,  C  Mean PM₂.₅: 318 µg/m³

8357



 

185 

Table 4.3: Statistical summary: GCRF, winter season 

 PM10 (µg/m3) PM2.5 (µg/m3) 

Parameter Measured  Calculated % Mass  R² Measured  Calculated % Mass  R² 

Average 429 419 97.8 0.82 318 307 98.7 0.74 

SD 78 74 4.4 0.10 70 63 4.7 0.04 

CV 0.18 0.18 0.04 0.12 0.22 0.21 0.05 0.06 

Maximum 525 523 103.6 0.97 419 373 105.2 0.81 

Minimum 271 271 90.0 0.66 155 157 90.4 0.67 

 

 

Figure 4.9: Backward trajectories at GCRF for winter season 

Inferences 

For PM10, soil & road dust, biomass burning and vehicular emission contribute about 

equally at 20%. SIA contribution is at 17% and that of Coal & flyash is 6%. For PM2.5, soil 

& road dust contribution reduced to 23% (from 26% in PM10). Vehicular contribution 

increases significantly in PM2.5 to 23%. The MSW burning is on the higher side at GCRF 

compared to other sites that indicates irregular management of waste generated from 

industries which succeed for open burning. 

4.3.2.2 Summer Season [sampling period: May 01 – 16, 2023] 

PM10 (summer) 

The average PM10 concentration was 155 µg/m3. Figure 4.10 (a), (b), (c) represents PM10 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at GCRF. Table 4.4 

Backward Wind Trajectories :  CRF (WINTER)

Coordinates : 27.1  N, 7 . 0 E
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 presents a summary of performance and acceptability of CMB model. It is observed that 

the major PM10 source contributing was soil & road dust (55 µg/m3 ~ 36%) followed by 

Vehicular emission (27.4 µg/m3 ~ 17.7%). The other significant sources are biomass 

burning (20.6 µg/m3 ~ 13.3%), MSW Burning (19.3 µg/m3 ~ 12.4%), coal & flyash (14 

µg/m3 ~ 9%) and SIA (13.2 µg/m3 ~ 8.5%). Contribution of the industrial emission was zero 

in PM10.  

PM2.5 (summer) 

The average PM2.5 concentration was 67 µg/m3. Figure 4.11 (a), (b), (c) represents PM2.5 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at GCRF. It is observed that the major source contributing in PM2.5 was 

Vehicular emission (20.2 µg/m3 ~ 30.3%) followed by Soil & road dust (16 µg/m3 ~ 24%). 

The other significant sources are MSW burning (10.1 µg/m3 ~ 15.1%) and biomass burning 

(9.4 µg/m3 ~ 10.9%), coal & flyash (7%) and SIA (8.4%). Contribution of construction 

materials is 1.8% and industrial emission was zero in PM2.5.  

HYSPLIT back trajectories (Figure 4.12) show that most of the time wind is from west and 

SW. Wind mass travels over Thar Desert before entering Firozabad. These winds pick up 

the pollutants on the way especially from large and tall emitting sources. 
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Figure 4.10: CMB modelling for PM10 at GCRF for summer season 
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Figure 4.11: CMB modelling for PM2.5 at GCRF for summer season 

 

Table 4.4: Statistical summary: GCRF, summer season 

 PM10 (µg/m3) PM2.5 (µg/m3) 

Parameter Measured  Calculated % Mass  R² Measured  Calculated % Mass  R² 

Average 155 166 106.4 0.85 67 75 111.9 0.78 

SD 35 41 5.0 0.04 15 18 5.4 0.06 

CV 0.23 0.25 0.05 0.05 0.23 0.25 0.05 0.08 

Maximum 198 216 112.6 0.92 93 112 120.6 0.88 

Minimum 92 92 97.6 0.79 46 54 102.0 0.61 
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Figure 4.12: Backward trajectories at GCRF for Summer Season 

Inference 

Soil and vehicular emission are the major contributors in summer both for PM10 (36% - 

18%) and PM2.5 (24% - 30%), at the same time MSW and biomass burning are prominent 

both in PM10 and PM2.5.  

4.3.3 St. Jhon Industries (SJIF) 

4.3.3.1 Winter Season [sampling period: Dec. 09 – Dec. 23, 2022] 

PM10 (winter) 

The average PM10 concentration was 379 µg/m3. Figure 4.13 (a), (b), (c) represents PM10 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at SJIF.Table 4.5 presents a summary of performance and acceptability of CMB 

model. It is observed that the major PM10 source contributing was soil & road dust (134 

µg/m3 ~ 35.5%) followed by biomass burning (77.4 µg/m3 ~ 20.5%). The other significant 

contributing sources are SIA (66.9 µg/m3 ~ 17.7%), vehicular emission (43.3 µg/m3 ~ 

11.4%), coal and fly ash (34 µg/m3 ~ 9%), MSW burning (16.8 µg/m3 ~ 4.4%) and 

construction material (1.5%). Contribution of the industrial emission was estimated to be 

zero in PM10. 

PM2.5 (winter)  

Backward Wind Trajectories :  CRF (SUMMER)

Coordinates : 27.1  N, 7 . 0 E
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The average PM2.5 concentration was 291 µg/m3. Figure 4.14 (a), (b), (c) represents PM2.5 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at SJIF. It is observed that the major source contributing in PM2.5 was soil 

&road dust (98 µg/m3 ~ 34%) followed by biomass burning (72.8 µg/m3 ~ 26.4%). Other 

major sources are SIA (41.2 µg/m3 ~ 15.7%), vehicular emission (36.3 µg/m3 ~ 14%), coal 

& flyash (29 µg/m3 ~ 10%), MSW burning (3.2%), Construction material (1.8%) and 

industrial emissions is zero in PM2.5. 

HYSPLIT back trajectories (Figure 4.15) indicate that wind is flowing from NW direction.  

Wind can pick up pollutants on the way, especially from large sources (e.g. desert soil and 

crop residue burning (CRB)) and tall emitting sources, but these contributions have not been 

quantified. 
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Figure 4.13: CMB modelling for PM10 at SJIF winter season 
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Figure 4.14: CMB modelling for PM2.5 at SJIF, winter season 

 

Table 4.5: Statistical summary: SJIF, winter season 

 PM10 (µg/m3) PM2.5 (µg/m3) 

Parameter Measured  Calculated % Mass  R² Measured  Calculated % Mass  R² 

Average 379 379 100.3 0.68 291 297 102.3 0.66 

SD 99 97 2.6 0.06 100 102 3.0 0.09 

CV 0.26 0.26 0.03 0.09 0.34 0.34 0.03 0.14 

Maximum 545 539 104.3 0.78 437 435 106.4 0.84 

Minimum 237 232 96.1 0.52 139 139 97.8 0.48 

 

 

 

Figure 4.15: Backward trajectories at SJIF for winter season 

Inferences 
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• Soil & road dust is the highest contributing source for both PM (36-34%). 

• Secondary PM (17-14%) and biomass burning (20-23%) are the major sources 

followed by vehicular emission (12%) –for both PM10 and PM2.5.  

4.3.3.2 Summer Season [sampling period: May 19 - June 02, 2023] 

PM10 (summer) 

The average PM10 concentration was 148 µg/m3. Figure 4.16 (a), (b), (c) represents PM10 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at SJIF. Table 4.6 presents summary of performance and acceptability of CMB 

model. It is observed that the major PM10 source contributing was soil & road dust (61 µg/m3 

~ 41%) followed by vehicular emission (22.2 µg/m3 ~ 14.9%) in PM10. The other significant 

sources are MSW burning (18.6 µg/m3 ~ 12.5%), Coal & flyash (14 µg/m3 ~ 10%), biomass 

burning (8.9%), SIA (7.3%) and construction material (5.7%). Contribution of the industrial 

emission was estimated zero in PM10.  

PM2.5 (summer)  

The average PM2.5 concentration was 56 µg/m3. Figure 4.17 (a), (b), (c) represents PM2.5 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at SJIF. It is observed that the major source contributing in PM2.5 was soil & 

road dust (18 µg/m3 ~ 33%) followed by biomass burning (11.7 µg/m3 ~ 20.7%). Other 

significant sources are vehicular emission (9.1 µg/m3 ~ 16.1%), MSW burning (6.8 µg/m3 

~ 12.1%), SIA (10.4%), coal & flyash (4 µg/m3 ~ 6%), and construction material (1.5%). 

The contribution of the industrial emission was estimated zero in PM2.5.  

HYSPLIT back trajectories (Figure 4.18) show that most of the time wind is flowing 

irregularly and wind mass travels over Thar Desert before entering in Firozabad. These 

winds pick up the pollutants on the way, especially from tall and large sources. 
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Figure 4.16: CMB modelling for PM10 at SJIF for summer season 
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Figure 4.17: CMB modelling for PM2.5 at SJIF for summer season 
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Table 4.6: Statistical summary: SJIF, summer season 

 PM10 (µg/m3) PM2.5 (µg/m3) 

Parameter Measured  Calculated % Mass  R² Measured  Calculated % Mass  R² 

Average 148 156 106.5 0.78 56 62 108.9 0.80 

SD 61 61 6.3 0.10 15 18 6.0 0.10 

CV 0.41 0.39 0.06 0.12 0.26 0.29 0.06 0.13 

Maximum 286 310 118.7 0.94 88 102 117.9 0.97 

Minimum 94 106 95.5 0.59 34 35 97.2 0.62 

 

 

Figure 4.18: Backward trajectories at SJIF for summer season 

 

Inference 

Soil & road dust and biomass burning are the major contributors in summer both for PM10 

and PM2.5, at the same time MSW burning and vehicles are prominent both in PM10 and 

PM2.5. 

4.3.4 Gauri Shankar Kotla (GSKF) 

4.3.4.1 Winter Season [sampling period: Dec. 14 – 29, 2022] 

PM10 (winter) 

The average PM10 concentration was 352 µg/m3. Figure 4.19 (a), (b), (c) represents PM10 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at GSKF. Table 4.7 presents summary of performance and acceptability of 

Backward Wind Trajectories : S IF (SUMMER)

Coordinates : 27.17 N, 7 .37 E
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CMB model. It is observed that the major contributing source was soil & road dust (105 

µg/m3 ~ 30%) followed by vehicular emission (75 µg/m3 ~ 20.6%) and biomass burning (66 

µg/m3 ~ 18.7%). The other significant contributing sources are SIA (38.2 µg/m3 ~ 11%), 

MSW burning (26.5 µg/m3 ~ 7.5%), coal and flyash (27 µg/m3 ~ 8%) and construction 

material (4.4%). Contribution of the industrial emission was estimated to be zero in PM10.  

PM2.5 (winter)  

The average PM2.5 concentration was 270 µg/m3. Figure 4.20 (a), (b), (c) represents PM2.5 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at GSKF. It is observed that the major contributing source was vehicular 

emission (67.3 µg/m3 ~ 25%) followed by biomass burning (62.2 µg/m3 ~ 23%) and soil & 

road dust (57 µg/m3 ~ 21%). The other significant contributing sources are SIA (35.4 µg/m3 

~ 13.1%), MSW burning (7.4%), coal and flyash (18 µg/m3 ~ 6.5%), and construction 

material (4.4%). Contribution of the industrial emission was estimated to be zero in PM2.5.  

HYSPLIT back trajectories (Figure 4.21) indicate that wind is flowing from NW direction.  

Wind can pick up pollutants on the way, especially from large sources (e.g. desert soil and 

crop residue burning (CRB)) and tall emitting sources, but these contributions have not been 

quantified. 
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Figure 4.19: CMB modelling for PM10 at GSKF for winter season 
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Figure 4.20: CMB modelling for PM2.5 at GSKF for winter season 

 

Table 4.7: Statistical summary: GSKF, winter season 

 PM10 (µg/m3) PM2.5 (µg/m3) 

Parameter Measured  Calculated % Mass  R² Measured  Calculated % Mass  R² 

Average 352 358 101.5 0.77 270 274 101.5 0.87 

SD 92 94 3.0 0.09 86 87 5.4 0.05 

CV 0.26 0.26 0.03 0.12 0.32 0.32 0.05 0.05 

Maximum 505 493 106.8 0.95 405 406 111.2 0.93 

Minimum 142 141 97.5 0.66 83 89 91.6 0.75 
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Figure 4.21: Backward trajectories at GSKF for winter season 

Inference 

Soil & road dust is major contributor in PM10. Vehicular and biomass burning the other 

major sources for both PM. SIA is also contributing significantly to both PM. 

4.3.4.2 Summer Season [sampling period: May 19 – June 01, 2023] 

PM10 (summer) 

The average PM10 concentration was 107 µg/m3. Figure 4.22 (a), (b), (c) represents PM10 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at GSKF. Table 4.8 presents summary of performance and acceptability of 

CMB model. It is observed that the major PM10 source contributing was soil & road dust 

(34 µg/m3 ~ 32%) followed by Biomass burning (15.4 µg/m3 ~ 15.3%). The other significant 

sources are vehicular emission (18.4 µg/m3 ~ 15.2%), MSW burning (13.8%), SIA (8.8%), 

Coal & flyash (9 µg/m3 ~ 8%) and construction materials (6.7%). Industrial emissions were 

zero in PM10. 

PM2.5 (summer)  

The average PM2.5 concentration was 60 µg/m3. Figure 4.23 (a), (b), (c) represents PM2.5 

contribution of sources in terms of concentration, percent contribution of sources and overall 

contribution (average over about 15 days) in terms of concentration and percentage 

respectively at GSKF. It is observed that the major source contributing in PM2.5 was soil & 

road dust (15 µg/m3 ~ 26%) followed by biomass burning (12 µg/m3 ~ 20.1%). The other 

Backward Wind Trajectories :  SKF (WINTER)

Coordinates : 27.17 N, 7 . 1E
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significant sources are vehicular emission (10.8 µg/m3 ~ 18.1%), MSW burning (14.5%) 

SIA (5 µg/m3 ~ 9%), coal & flyash (8%), and construction materials (3.8%). Industrial 

emissions were zero in PM2.5. 

HYSPLIT back trajectories (Figure 4.24) show that most of the time wind is from NW and 

West. Wind mass travels over Thar Desert before entering in Firozabad. These winds pick 

up pollutants on the way especially from tall and large sources. 
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Figure 4.22: CMB modelling for PM10 at GSKF for summer season 

 

 

 

SIA; 9.51; 8.9%

Biomass Burning; 
16.48; 15.3%

Coal and Flyash; 
8.70; 8.1%

Construction 
Material; 7.23; 

6.7%

Soil and Road Dust; 
34.39; 32.0%

MSW Burning; 
14.83; 13.8%

Vehicles; 16.34; 
15.2%

(c) PM₁₀: Mean, Summer,  S  Mean PM₁₀: 1 7 µg/m³

0
10
20
30
40
50
60
70
80
90

100

1
9

-M
ay

-2
3

2
0

-M
ay

-2
3

2
1

-M
ay

-2
3

2
2

-M
ay

-2
3

2
3

-M
ay

-2
3

2
4

-M
ay

-2
3

2
5

-M
ay

-2
3

2
6

-M
ay

-2
3

2
7

-M
ay

-2
3

2
8

-M
ay

-2
3

2
9

-M
ay

-2
3

3
0

-M
ay

-2
3

3
1

-M
ay

-2
3

0
1

-J
u

n
-2

3

0
2

-J
u

n
-2

3

A
ve

ra
ge

C
o

n
tr

ib
u

ti
o

n
 (

µ
g/

m
³)

(a) PM₂.₅: Source, Summer,  S  

Vehicles

MSW Burning

Soil and Road Dust

Construction Material

Coal and Flyash

Industrial

Biomass Burning

SIA

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1
9

-M
ay

-2
3

2
0

-M
ay

-2
3

2
1

-M
ay

-2
3

2
2

-M
ay

-2
3

2
3

-M
ay

-2
3

2
4

-M
ay

-2
3

2
5

-M
ay

-2
3

2
6

-M
ay

-2
3

2
7

-M
ay

-2
3

2
8

-M
ay

-2
3

2
9

-M
ay

-2
3

3
0

-M
ay

-2
3

3
1

-M
ay

-2
3

0
1

-J
u

n
-2

3

0
2

-J
u

n
-2

3

A
ve

ra
ge

C
o

n
tr

ib
u

ti
o

n
 (

%
)

(b) PM₂.₅: %Source, Summer,  S  

Vehicles

MSW Burning

Soil and Road Dust

Construction Material

Coal and Flyash

Industrial

Biomass Burning

SIA

8375



 

203 

 

Figure 4.23: CMB modelling for PM2.5 at GSKF for summer season 

 

Table 4.8: Statistical summary: GSKF, summer season 

 PM10 (µg/m3) PM2.5 (µg/m3) 

Parameter Measured  Calculated % Mass  R² Measured  Calculated % Mass  R² 

Average 107 120 109.8 0.71 60 68 114.6 0.77 

SD 41 46 5.4 0.15 18 17 10.1 0.09 

CV 0.38 0.38 0.05 0.21 0.29 0.25 0.09 0.11 

Maximum 176 195 118.3 0.93 88 99 129.5 0.93 

Minimum 72 75 100.2 0.45 42 50 97.6 0.64 

 

 

 

Figure 4.24: Backward trajectories at GSKF for summer season 
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Inference 

In summer both PM10 and PM2.5 emissions by soil & road dust, biomass burning, and 

vehicular emission are the major sources which requires control in fugitive sources.  

4.4 Long range transport and contribution 

HYSPLIT back trajectories show that most of the time wind is from NW (winter) and SW 

(summer) and sometimes from west. Wind mass as it travels over Thar desert and part of 

Punjab and Rajasthan State before entering Firozabad may pick up the pollutants on the way 

especially from large sources (e.g. desert soil and CRB) and tall emitting sources; however, 

these contributions have not been quantified. There is no assessment made on emissions 

upstream of Firozabad and their contribution.  

4.5 Overall Summary and Source Apportionment at a Glance  

The overall summary of CMB modelling results is shown in Figure 4.25 to Figure 4.27. 

Table 4.9 - Table 4.12 provide summary with overall statistics. The mail highlights of CMB 

results are summarized below. 

• Ranges of source contribution to PM10 are secondary inorganic aerosols (SIA; 2 – 

22 %), biomass burning (0 – 44 %), coal & flyash (0 – 18 %), soil & road dust (15 - 

58 %), vehicles (1 – 50 %), MSW burning (2 – 32 %) and construction material (0 - 

17 %). 

• Ranges of source contribution to PM2.5 are SIA (3 – 23 %), biomass burning (0 – 59 

%), coal & flyash (1 – 17 %), soil & road dust (8 - 43 %), vehicles (3 – 53 %), MSW 

burning (1 – 36 %) and construction material (0 - 10 %). 

• Contribution of SIA particles (PM10: 11.21 – 7.9 % and PM2.5: 14.98 – 9.47 %), 

biomass burning (PM10: 14.48 – 12.95 % and PM2.5: 20.91 – 19.32 %), are higher 

during winter season compared to summer season both in PM2.5 and PM10. 

• Contribution of soil & road dust (PM10: 36 – 30 % and PM2.5: 27 – 26 %), 

construction material (PM10: 5.39 – 2.9 % and PM2.5: 2.85 – 2.64 %) and MSW 

burning (PM10: 12.23 – 6.64 % and PM2.5: 14.57 – 6.7 %) is higher during summer 

season compared to winter season. 
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• Contribution of vehicular emission higher in PM2.5 (about 20 %) than PM10 (about 

17%).  

 

 

 

Figure 4.25: Overall results of CMB modelling for PM10 
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Figure 4.26: Overall results of CMB modelling for PM2.5  
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Figure 4.27: City level source contribution to ambient air PM10 and PM2.5 levels  
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Table 4.9: Statistical summary of the source apportionment in PM10 for winter season 

 

  

Site 

location 
Parameter 

Measured 

PM10  

(µg/m3) 

Calculated 

PM10  

 (µg/m3) 

% 

Mass 
R² 

% Source Contribution 

SIA 
Biomass 

Burning 

Coal 

and 

Flyash 

Constructio

n Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

JMDF 

Mean 429 419 98 0.82 16.7 19.5 5.6 3.7 25.7 9.5 19.3 

SD 78 74 4 0.10 3.3 15.1 3.1 4.4 7.5 4.9 16.9 

CV 0.18 0.18 0.04 0.12 0.2 0.8 0.6 1.2 0.3 0.5 0.9 

Max 525 523 104 0.97 20.8 39.1 11.1 17.0 42.0 21.4 49.7 

Min 271 271 90 0.66 10.7 0.0 0.7 0.0 18.7 5.2 1.7 

GCRF 

Mean 352 358 102 0.77 10.9 17.3 7.9 4.4 30.1 7.5 20.6 

SD 92 94 3 0.09 1.9 11.1 4.5 1.7 3.8 3.1 8.3 

CV 0.26 0.26 0.03 0.12 0.2 0.6 0.6 0.4 0.1 0.4 0.4 

Max 505 493 107 0.95 14.5 38.8 14.4 7.2 38.6 15.4 28.1 

Min 142 141 97 0.66 7.0 5.2 1.6 0.9 24.3 3.6 1.3 

SJIF 

Mean 354 358 101 0.73 14.1 14.4 10.1 3.3 28.1 6.9 23.2 

SD 94 93 4 0.08 3.8 9.1 3.1 1.7 4.1 3.2 5.4 

CV 0.27 0.26 0.03 0.11 0.3 0.6 0.3 0.5 0.1 0.5 0.2 

Max 541 545 109 0.87 20.9 29.2 14.2 6.2 37.5 15.8 31.2 

Min 226 226 96 0.52 7.3 0.9 2.3 0.4 21.1 2.7 14.7 

GSKF 

Mean 379 379 100 0.68 17.7 20.5 9.0 1.5 35.5 4.4 11.4 

SD 99 97 3 0.06 3.2 6.8 3.8 0.4 4.7 2.7 3.1 

CV 0.26 0.26 0.03 0.09 0.2 0.3 0.4 0.3 0.1 0.6 0.3 

Max 545 539 104 0.78 21.7 30.5 18.1 2.3 42.3 12.8 17.6 

Min 237 232 96 0.52 11.6 8.4 4.0 1.0 25.6 2.4 8.2 
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Table 4.10: Statistical summary of the source apportionment in PM10 for summer season  

 

  

Site 

location 
Parameter 

Measured 

PM10  

(µg/m3) 

Calculated 

PM10  

 (µg/m3) 

% 

Mass 
R² 

% Source Contribution 

SIA 
Biomass 

Burning 

Coal 

and 

Flyash 

Constructio

n Material 

Soil & road 

dust 

MSW 

Burnin

g 

Vehicles 

GCRF 

Mean 155 166 106 0.85 8.5 13.3 9.1 3.3 9.3 12.4 17.7 

SD 35 41 5 0.04 1.6 11.3 2.9 1.5 0.3 4.5 11.9 

CV 0.23 0.25 0.05 0.05 0.2 0.9 0.3 0.5 50.7 0.4 0.7 

Max 198 216 113 0.92 11.2 43.8 15.9 6.5 20.0 21.1 39.5 

Min 92 92 98 0.79 5.6 0.6 2.8 1.4 32.0 6.0 2.5 

GSKF 

Mean 107 120 110 0.71 8.8 15.3 8.1 6.7 6.9 13.8 15.2 

SD 41 46 5 0.15 1.4 10.1 4.5 4.3 0.2 5.9 12.6 

CV 0.38 0.38 0.05 0.21 0.2 0.7 0.6 0.6 50.7 0.4 0.8 

Max 176 195 118 0.93 11.1 33.1 18.1 14.7 24.2 23.1 39.3 

Min 72 75 100 0.45 5.8 1.8 0.3 0.8 33.0 7.1 2.4 

JMDF 

Mean 142 158 110 0.80 6.9 14.2 9.9 5.9 8.7 10.2 19.8 

SD 43 55 10 0.05 3.3 10.2 3.6 2.1 0.3 3.0 6.7 

CV 0.31 0.35 0.09 0.06 0.5 0.7 0.4 0.4 48.1 0.3 0.3 

Max 196 245 125 0.88 12.9 41.3 15.7 10.6 14.8 15.7 32.4 

Min 58 60 94 0.69 3.4 0.0 1.6 3.6 40.9 6.5 12.1 

SJIF 

Mean 148 156 106 0.78 7.3 8.9 9.7 5.7 10.5 12.5 14.9 

SD 61 61 6 0.10 3.6 6.9 5.7 2.2 0.3 9.0 6.7 

CV 0.41 0.39 0.06 0.12 0.5 0.8 0.6 0.4 58.3 0.7 0.4 

Max 286 310 119 0.94 14.0 22.0 18.4 10.4 21.6 31.6 28.0 

Min 94 106 96 0.59 1.6 1.4 1.0 3.5 17.3 5.0 3.5 
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Table 4.11: Statistical summary of the source apportionment in PM2.5 for winter season 

 

  

Site 

location 
Parameter 

Measured 

PM2.5  

(µg/m3) 

Calculated 

PM2.5  

(µg/m3) 

% 

Mass 
R² 

% Source Contribution 

SIA 
Biomass 

Burning 

Coal 

and 

Flyash 

Construction 

Material 

Soil & 

road 

dust 

MSW 

Burning 
Vehicles 

GCRF 

Mean 318 313 99 0.74 18.8 17.3 5.5 0.5 22.7 11.0 22.9 

SD 70 64 5 0.04 3.0 8.5 1.6 0.2 5.2 3.2 6.8 

CV 0.2 0.2 0.0 0.06 0.2 0.5 0.3 0.3 0.2 0.3 0.3 

Max 419 378 105 0.81 23.0 46.0 9.0 0.6 29.2 19.4 31.6 

Min 155 162 90 0.67 11.5 11.5 3.4 0.0 10.7 8.2 2.6 

GSKF 

Mean 270 274 102 0.87 13.1 23.0 6.5 4.4 21.3 7.4 25.0 

SD 86 87 5 0.05 2.8 9.7 2.0 2.1 4.1 3.2 6.7 

CV 0.3 0.3 0.1 0.05 0.2 0.4 0.3 0.5 0.2 0.4 0.3 

Max 405 406 111 0.93 15.7 48.5 9.8 7.6 24.7 16.7 32.0 

Min 83 89 92 0.75 8.1 15.1 2.0 1.3 13.4 4.6 8.0 

JMDF 

Mean 253 260 104 0.90 13.8 18.2 9.3 3.9 24.9 5.6 24.4 

SD 64 55 7 0.08 2.9 6.3 2.3 2.3 6.4 2.1 5.5 

CV 0.3 0.2 0.1 0.09 0.2 0.3 0.2 0.6 0.3 0.4 0.2 

Max 354 348 118 0.96 18.2 33.7 13.3 8.2 32.9 10.5 37.2 

Min 145 172 97 0.71 8.7 9.9 4.6 0.1 13.4 2.6 17.5 

SJIF 

Mean 291 297 102 0.66 14.2 25.1 9.9 1.8 33.8 2.8 12.5 

SD 100 102 3 0.09 3.5 8.2 2.1 0.3 3.1 1.5 8.2 

CV 0.3 0.3 0.0 0.14 0.2 0.3 0.2 0.2 0.1 0.5 0.7 

Max 437 435 106 0.84 16.8 31.6 14.6 2.0 39.3 5.4 31.8 

Min 139 139 98 0.48 6.0 7.0 8.3 1.1 29.6 1.1 7.0 
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Table 4.12: Statistical summary of the source apportionment in PM2.5 for summer season 

 

  

Site 

location 
Parameter 

Measured 

PM2.5  

(µg/m3) 

Calculated 

PM2.5  

 (µg/m3) 

% 

Mass 
R² 

% Source Contribution 

SIA 
Biomass 

Burning 

Coal 

and 

Flyash 

Constructio

n Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 

Mean 67 75 112 0.78 8.4 14.1 11.9 1.8 18.5 15.1 30.3 

SD 15 18 5 0.06 1.5 13.4 7.7 1.4 9.7 8.0 14.4 

CV 0.2 0.2 0.0 0.08 0.2 1.0 0.6 0.8 0.5 0.5 0.5 

Max 93 112 121 0.88 10.8 59.2 24.9 5.7 33.5 35.5 53.5 

Min 46 54 102 0.61 5.5 0.1 1.8 0.4 4.0 2.0 4.2 

GSKF 

Mean 60 68 115 0.77 9.0 20.1 17.1 3.8 26.1 14.5 18.1 

SD 18 17 10 0.09 1.6 13.0 7.1 3.1 4.4 8.8 11.4 

CV 0.3 0.2 0.1 0.11 0.2 0.6 0.4 0.8 0.2 0.6 0.6 

Max 88 99 130 0.93 11.3 51.0 27.9 9.7 31.6 34.3 34.0 

Min 42 50 98 0.64 6.3 0.0 4.3 0.1 19.3 1.6 3.1 

JMDF 

Mean 62 67 108 0.82 10.1 18.4 16.2 4.3 27.1 16.6 15.5 

SD 17 20 7 0.10 3.5 8.8 6.0 1.9 5.5 5.7 5.6 

CV 0.3 0.3 0.1 0.12 0.3 0.5 0.4 0.4 0.2 0.3 0.4 

Max 91 105 118 0.97 14.7 31.8 30.3 9.0 36.2 27.3 28.6 

Min 35 35 99 0.61 4.3 5.0 8.9 1.8 18.9 8.8 7.4 

SJIF 

Mean 56 62 109 0.80 10.4 20.7 12.9 1.5 32.7 12.1 16.1 

SD 15 18 6 0.10 3.5 13.7 7.0 1.2 6.9 8.3 6.9 

CV 0.3 0.3 0.1 0.13 0.3 0.7 0.5 0.8 0.2 0.7 0.4 

Max 88 102 118 0.97 13.9 40.8 22.0 3.9 42.8 27.1 29.1 

Min 34 35 97 0.62 3.5 1.0 3.7 0.3 22.3 3.1 7.4 
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Table 4.13: Concentration apportionment: winter PM10 (Concentration in µg/m3) 

 

Site 

location 

PM10 

(µg/m3) 
SIA 

Biomass 

Burning 

Coal and 

Flyash 

Construction 

Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 429 71.6 83.4 24.2 15.7 110.2 40.7 82.9 

GSKF 352 38.2 60.9 27.6 15.5 105.9 26.5 72.5 

JMDF 354 49.9 50.8 35.7 11.6 99.4 24.3 81.9 

SJIF 379 66.9 77.4 34.2 5.8 134.2 16.8 43.3 

Overall 378 56.7 68.1 30.4 12.2 112.4 27.1 70.2 

SD 36 15.4 15.0 5.4 4.6 15.2 10.0 18.5 

 

 

Table 4.14: Concentration apportionment: winter PM2.5 (Concentration in µg/m3) 

Site 

location 

PM2.5 

(µg/m3) 
SIA 

Biomass 

Burning 

Coal and 

Flyash 

Construction 

Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 318 60.0 55.1 17.6 1.5 72.3 34.9 72.8 

GSKF 270 35.4 62.2 17.7 11.9 57.5 20.0 67.3 

JMDF 253 34.8 46.1 23.5 9.9 63.0 14.2 61.7 

SJIF 291 41.2 72.8 28.9 5.1 98.2 8.2 36.3 

Overall 283 42.9 59.1 21.9 7.1 72.7 19.3 59.5 

SD 28 11.8 11.3 5.4 4.7 18.0 11.4 16.1 
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Table 4.15: Percentage apportionment: winter PM10
  

 

Site 

location 

PM10 

(µg/m3) 
SIA 

Biomass 

Burning 

Coal and 

Flyash 

Construction 

Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 429 16.7 19.5 5.6 3.7 25.7 9.5 19.3 

GSKF 352 10.9 17.3 7.9 4.4 30.1 7.5 20.6 

JMDF 354 14.1 14.4 10.1 3.3 28.1 6.9 23.2 

SJIF 379 17.7 20.5 9.0 1.5 35.5 4.4 11.4 

Overall 378 14.8 17.9 8.0 3.2 29.7 7.1 18.6 

SD 36 3.1 2.7 1.9 1.2 4.2 2.1 5.1 

 

Table 4.16: Percentage apportionment: winter PM2.5 
 

Site 

location 

PM2.5 

(µg/m3) 
SIA 

Biomass 

Burning 

Coal and 

Flyash 

Construction 

Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 318 18.8 17.3 5.5 0.5 22.7 11.0 22.9 

GSKF 270 13.1 23.0 6.5 4.4 21.3 7.4 25.0 

JMDF 253 13.8 18.2 9.3 3.9 24.9 5.6 24.4 

SJIF 291 14.2 25.1 9.9 1.8 33.8 2.8 12.5 

Overall 283 15.0 20.9 7.7 2.6 25.7 6.7 21.2 

SD 28 2.6 3.7 2.1 1.8 4.7 3.4 5.8 
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Table 4.17: Concentration apportionment: summer PM10 (Concentration in µg/m3) 

 

Site 

location 
PM10 (µg/m3) SIA 

Biomass 

Burning 

Coal and 

Flyash 

Construction 

Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 155 13.2 20.6 14.1 5.0 55.4 19.3 27.4 

GSKF 107 9.5 16.5 8.7 7.2 34.4 14.8 16.3 

JMDF 142 9.8 20.2 14.0 8.3 46.9 14.5 28.1 

SJIF 148 10.9 13.2 14.3 8.5 60.8 18.6 22.2 

Overall 138 10.9 17.6 12.8 7.3 49.4 16.8 23.5 

SD 21 1.7 3.5 2.7 1.6 11.5 2.5 5.5 

 

Table 4.18: Concentration apportionment: summer PM2.5 (Concentration in µg/m3) 

Site 

location 

PM2.5 

(µg/m3) 
SIA 

Biomass 

Burning 

Coal and 

Flyash 

Construction 

Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 67 5.6 9.4 7.9 1.2 12.3 10.1 20.2 

GSKF 60 5.4 12.0 5.1 2.3 15.6 8.7 10.8 

JMDF 62 6.2 11.4 5.0 2.7 16.8 10.3 9.6 

SJIF 56 5.9 11.7 3.6 0.9 18.4 6.8 9.1 

Overall 61 5.8 11.1 5.4 1.7 15.8 9.0 12.4 

SD 4 0.4 1.2 1.8 0.9 2.6 1.6 5.2 
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Table 4.19: Percentage apportionment: summer PM10
  

 

Site 

location 
PM10 (µg/m3) SIA 

Biomass 

Burning 

Coal and 

Flyash 

Construction 

Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 155 8.5 13.3 9.1 3.3 35.7 12.4 17.7 

GSKF 107 8.8 15.3 8.1 6.7 32.0 13.8 15.2 

JMDF 142 6.9 14.2 9.9 5.9 33.0 10.2 19.8 

SJIF 148 7.3 8.9 9.7 5.7 40.9 12.5 14.9 

Overall 138 7.9 12.9 9.3 5.4 35.7 12.2 16.9 

SD 21 0.9 2.8 0.8 1.5 4.0 1.5 2.3 

 

Table 4.20: Percentage apportionment: summer PM2.5
  

 

Site 

location 

PM2.5 

(µg/m3) 
SIA 

Biomass 

Burning 

Coal and 

Flyash 

Construction 

Material 

Soil & 

road dust 

MSW 

Burning 
Vehicles 

GCRF 67 8.4 14.1 11.9 1.8 18.5 15.1 30.3 

GSKF 60 9.0 20.1 8.6 3.8 26.1 14.5 18.1 

JMDF 62 10.1 18.4 8.1 4.3 27.1 16.6 15.5 

SJIF 56 10.4 20.7 6.4 1.5 32.7 12.1 16.1 

Overall 61 9.5 18.3 8.9 2.8 25.8 14.6 20.0 

Std 4 0.9 3.0 2.1 1.4 5.6 1.9 7.0 
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4.6 Interpretations and Inferences  

Based on the CMB modelling results (Figure 4.27) and their critical analyses, the following 

inferences and insights are drawn to establish quantified source-receptor impacts and to pave 

the path for preparation of action plan. Table 4.13 to Table 4.18, show season-wise, site specific 

average source contribution to PM10 and PM2.5, and these tables are frequently referred to bring 

the important inferences to the fore. 

• The sources of PM10 and PM2.5 contributing to ambient air quality are different in 

summer and winter.  

- The winter sources (% contribution given in parenthesis for PM10 - PM2.5 to the 

ambient air levels) include soil & road dust (30 – 26 %), SIA particles (15 – 15.2%), 

biomass burning (18 – 21%), vehicles (18.5 - 21%) and MSW burning (7.2 – 6.8%).  

It is noteworthy, in winter; major sources for PM10 and PM2.5 are generally the same.  

- The summer sources (% contribution given in parenthesis for PM10 - PM2.5 to the 

ambient air level) include soil & road dust (36 – 27%), biomass burning (12 - 18%), 

vehicles (17 – 20%), MSW burning (12.1 – 14.7%), coal & flyash (9 – 7%) and SIA 

particles (7.8 – 9.5%). It is noteworthy, in summer also, the major sources for PM10 

and PM2.5 are generally the same.  

• The consistent presence of SIA, biomass burning and vehicles in PM10 and PM2.5 across 

all sites and in two seasons, suggests these particles encompass entire Firozabad region 

as a layer.  

• Like the above point, in winter, consistent presence of soil & road dust encompasses 

entire Firozabad region as a layer.  

• Soil & road dust in summer contribute 36– 27% and the coal & flyash contribute 9 – 

7% to PM10 and PM2.5. It is observed that in summer the atmosphere looks whitish to 

grayish indicating presence of large amounts of dust; re-suspension of dust appears to 

be the cause of large contribution of these sources. This hypothesis can be argued from 

the fact that the contribution of flyash and road dust reduces both in PM10 and PM2.5 in 

winter when winds are low and prevalent atmospheric conditions are calm.  

•  The contribution of the biomass burning in winter is quite high at 18% (for PM10) 21% 

(for PM2.5). The presence of sizeable biomass is consistent in PM both winter and 
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summer indicates to local sources present in Firozabad and nearby areas. There is an 

immediate need to control or find alternatives to eliminate biomass emissions to 

observe any significant improvement in air quality in Firozabad. 

• MSW burning is contributing exceptionally high to both PM10 and PM2.5. This emission 

is expected to be large in the regions of economically lower strata of society which does 

not have proper infrastructure for collection and disposal of MSW.  

Directions for PM control 

• Secondary particles  

What are the sources of secondary particles, the major contributors to Firozabad’s 

PM? These particles are expected to source from precursor gases (SO2, and NOx) 

which are chemically transformed into particles in the atmosphere. Mostly the 

precursor gases are emitted from far distances from large sources. For sulfates, the 

major contribution can be attributed to large power plants and refineries. However, 

contribution of NOx from local sources, especially vehicles and power plants can 

also contribute to nitrates. Behera and Sharma (2010) for Kanpur have concluded 

that secondary inorganic aerosol accounted for significant mass of PM 2.5 (about 

34%) and any particulate control strategy should also include control of primary 

precursor gases.  

• Vehicular pollution 

This source is the fourth largest source and most consistently contributing source to 

PM10 and PM2.5 in winters. Various control options include the implementation of 

Euro VI, introduction of electric and hybrid vehicles, traffic planning and restriction 

of movement of vehicles, retro fitment in diesel exhaust, improvement in public 

transport etc. These options are further discussed in Chapter 5. 

• Biomass burning 

Biomass burning should be minimized if not completely stopped. Possibly it could 

be switched to cleaner fuel for domestic fuel, local bakery and hotels industries and 

other local thermal energy consuming industries in industries. All biomass burning 

in Firozabad should be banned and strictly implemented. 

• MSW burning 

8390



 

218 

 

One of the reasons for burning MSW is lack of infrastructure for timely collection 

of MSW and people conveniently burn, or it may smolder slowly for a long time. 

In this regard, infrastructure for collection and disposal of MSW must improve and 

burning of MSW should be completely banned.  

• Coal and flyash 

In summer coal & flyash contribute about 9.3 percent of PM10 and unless sources 

contributing to flyash are controlled, one cannot expect improvement in air quality. 

It appears these sources are more of fugitive in nature than regular point sources. 

Flyash emission from hotels, restaurants and tandoors also cause large emissions 

and requires better housekeeping and flyash disposal.   

• Soil & road dust  

In summer this source contributes about 30 % to PM10. The silt load on some of the 

Firozabad’s Road is very high and silt can become airborne with the movement of 

vehicles. The estimated PM10 emission from road dust is over 12.7 tons per day. 

Similarly soil from the open fields gets airborne in summer. The potential control 

options can be sweeping and watering of roads, better construction and 

maintenance, growing plants, grass etc. to prevent resuspension of dust. 

The effectiveness of the pollution control options and selection of optimal mix of control 

options are analyzed in Chapter 6.  
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5 Carrying Capacity 

The concept of carrying capacity is defined as the ability of a region’s environment and 

resources to support the threshold of human activities for a specific period (Peng and Linyu 

2012). Therefore, it is an effective spatial and environmental planning and management tool. 

The carrying capacity theory has been widely applied in environmental planning and 

management and has played an important role in city resources, environmental management, 

and territorial spatial planning. For example, based on the regional water resource carrying 

capacity evaluation results, Wang (2013) and Yang (2014) pointed out that rapid population 

growth could aggravate water resource crises and limit regional economic growth. They also 

suggested that restrictive classification of water resources was required to guide rational 

regional development. Similarly, evaluations of the forest resource carrying capacity and eco-

environment carrying capacity also revealed that environmental pollution and resource 

shortages restrict regional economic development (Specht, 1993). All these studies have 

provided a theoretical basis for territorial spatial planning and sustainable development of the 

regional social economy. 

Most existing studies in this field have focused on evaluating the carrying capacity of a single 

factor. However, as a system, a region requires comprehensive and balanced development of 

the economy, society, environment, and resources (Ng and Obbard, 2005). Therefore, a 

comprehensive evaluation of the regional resource and environmental carrying capacity 

(RECC) is necessary to investigate the interactive mechanisms between social and economic 

factors and resource and environmental factors (Liu and Borthwick, 2011). The evaluation 

indices, multiple aspects such as resource size, economy and society, and ecological 

environment, should be considered (Tang et. Al, 2016). The framework of carrying capacity is 

shown in Figure 5.1. 
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Figure 5.1: The multi-index multi-factor synthetic discriminant model for the 

evaluation of the RECC (Kaiyuan Li, 2019) 

5.1 Approach for Quantifying Carrying Capacity 

As shown in the EI section, the following emission sources were inventoried:   

a) Domestic fuel uses (LPG, dung, biomass coal etc.) and emission 

b) Coal-based tandoors in the hotels, restaurants and dhabas and other areas  

c) Fuel and processes used in the industries in the boilers, furnaces and heating purposes. 

d) Municipal waste burning incinerators, biomedical incinerators and hazardous waste 

incinerators  

e) Vehicle emissions 

f) Construction activities in the region. 

g) Soil and road dust and from paved and unpaved roads. 

5.1.1 Assessment of Carrying Capacity 

Atmospheric Assimilation Capacity 

Various approaches are described in the literature for estimating the atmospheric assimilative 

capacity of a region. Goyal et al. (2006) proposed two approaches, one based on a ventilation 

coefficient, the other through pollution potential. Here we are discussing the atmospheric 

assimilative capacity using a simple Box Model. 
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A simple box model based on mass balance and assuming that all pollutants in the box are 

uniformly mixed (Figure 5.2). It is a simple model and has several limitations; however, to 

demonstrate the framework and preliminary analysis, the model may provide broad estimates 

of carrying capacity. Mathematically, the model can be described as below: 

 

Figure 5.2: Schematic of box model (De Nevers, 1995) 

Mathematically,  

𝑉
𝑑𝑐

𝑑𝑡
= 𝑞𝐶𝑖𝑛 − 𝑞𝐶𝑜𝑢𝑡 + 𝑆 − 𝐾𝑑𝑑 𝐶𝐿𝑊 − 𝐾𝑐𝑟 𝐶𝑜𝑢𝑡𝑉              ......... Equation 5 

where, q = volumetric flow rate (m3/sec)  

Cin = influent concentration of a pollutant (g/m3) 

Cout = effluent concentration of a pollutant (g/m3) 

Kdd = dry deposition velocity (m /sec)  

Kcr = First order chemical reaction constant (1/sec)  

S = source emission rate(g/sec)  

Kdd.C.L.W = the amount of pollutants removed by dry deposition (g/sec)  

Kcr.C.V = the amount of pollutants converted by chemical reaction (g/sec)    

u = wind speed (m/sec)  

In the equation, V=L×W×H volume of City m3 (L: length (m), W; Width (m), H; 

height (m))  

The model is further simplified with the following assumptions: 

• Steady-state condition (i.e. concentration is time-invariant); dc/dt = 0 

• Pollutant is not subjected to deposition in the box; kdd = 0 
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• Pollutant does not undergo any chemical transformation: Kcr = 0 

One can estimate the carrying capacity, Qcc as per the following equation: 

Qcc = (C-Co) × u.W.H              ......... Equation 6 

In this calculation, 

Area (A) of the system boundary, Width (W) of the System boundary, mixing height (H) 

(average for winter and summer) within the system boundary, Wind Speed (s) within the 

system boundary are required.  

Background concentration (C0) into the system boundary is also required; in this case, it was 

assumed to be negligible. 

Alternatively, the multi-source simulation model may be used to estimate atmospheric 

assimilative capacity based on air quality modelling, which considers region-specific 

meteorological conditions, terrain characteristics, and emission loads from different sources. 

Following Goyal and Chalapati Rao (2007), the discharge emission load at which the maximum 

allowable concentration is reached under predefined critical conditions is taken to be the 

assimilative capacity of the region. Prediction of ground-level concentrations of pollutants is 

carried out using the US EPA-approved ISCST-3 simulation model (EPA, 1995a, 1995b). It 

should be noted that the atmospheric assimilative capacity has a range of values, depending on 

the variation of emission characteristics with given meteorological and topographical 

conditions. We have used the advanced US EPA model, American Environmental Protection 

Agency Regulatory Model (AERMOD, 2006), in place of ISCST-3. 

The overall methodology for estimating the carrying capacity of the city and major tasks are 

given in Figure 5.3. 
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Figure 5.3: Methodology for the source apportionment study and major tasks 

5.1.2 Application of Dispersion Modelling 

Dispersion modelling in the study area was undertaken for source apportionment and to 

evaluate the efficacy of various control options in improving air quality. The meteorological 

data generated continuously at sampling sites or IMD (India Meteorology Department)/WRF 

(Weather Research Forecast) model was utilised in dispersion modelling. The emission 

quantities coupled with meteorological data of the area were used in the dispersion model in 

estimating the concentration of various pollutants (as per the scope of work) and examining the 

contribution of each of the sources. Attempts were made to validate the model, as measured 

concurrent concentrations at some air quality stations were available. The USEPA regulatory 

model AERMOD (2006) was used which considers topographical features like water bodies 

and terrain elevations. It may be noted that the model performance was tested with 

comprehensive statistical analyses by comparing the observed and predicted pollutant 

Collection of source information activity data (e,g., population, 

fuel uses, vehicle count etc.) and categorization of sources and 

development of GIS- based emission inventory for all pollutants 

for the base year (e.g., 2019) 
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concentrations for other cities, Kanpur (Sharma M. 2021) and Agra in the state (IIT Kanpur 

and UPPCB, 2021). 

5.2 Dispersion Modelling 

5.2.1 Introduction 

The current state-of-the-science, comprehensive meteorological and regulatory air dispersion 

modelling systems have been used in the study to conduct the dispersion modelling. The 

American Meteorological Society / Environmental Protection Agency Regulatory Model 

(AERMOD) has been used to assess the impact of short-range transport (< 50 km) of PM2.5 

emissions from various sources within Firozabad city, Uttar Pradesh. 

5.2.2 AERMOD 

AERMOD is a dispersion model that can characterize the planetary boundary layer (PBL) 

through surface and mixed layer scaling. This model is a complete and powerful air dispersion 

modelling package that seamlessly incorporates the following the US EPA air dispersion 

models into one integrated interface: 

• AERMOD 

• ISCST3 

• ISC-PRIME 

The AERMOD modelling system consists of one main program (AERMOD) and two pre-

processors (AERMET and AERMAP). AERMOD uses terrain, boundary layer, and source data 

to model pollutant transport and dispersion for calculating temporally averaged air pollution 

concentrations. 

The approach for modelling using AERMOD is shown in Figure 5.4. On-site hourly 

meteorological data was generated by the WRF model. The model run was performed for a 

defined study period (the year 2019). The output of the WRF model was fed as input to 

AERMOD in the pre-processor RAMMET and AERMET of the model. 
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Figure 5.4: Approach for dispersion modelling using AERMOD 

The meteorological parameters from the WRF model (wind speed, wind direction, rainfall, 

temperature, humidity, pressure, ceiling height, global horizontal radiation, and cloud cover) 

with one-hour resolution were organized in a spreadsheet. This spreadsheet was processed in 

AERMET, which is the meteorological pre-processor of AERMOD. The terrain data at 90 m 

resolution was generated from Shuttle Radar Topography Mission (SRTM) of AERMAP. The 

AERMAP provides a physical relationship between terrain features (e.g., altitude) and the 

behaviour of air pollution plumes at any receptor. AERMOD was further used to model air 

quality in the study for the prediction of pollutant concentrations from different sources within 

Firozabad city. 

5.2.3 Meteorological Data 

In evaluating the emission dispersion using the AERMOD, the meteorological dataset was 

generated using the WRF model from January 01, 2019, to December 31, 2019. The frequency 

distribution and frequency data were obtained by processing the hourly surface file in 

AERMET. The AERMET program is a meteorological pre-processor that prepares hourly 

surface data and upper-air data for use in the USEPA air quality dispersion model, AERMOD. 
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The wind rose plots for all months of 2019 are shown in Figure 5.5. The predominant wind 

blowing direction was observed to be northwest in most of the months and southeast in some 

months. Also, a relatively high wind speed was observed in the summer season. 

 

 

Firozabad Jan 19 Firozabad Feb 19 

Firozabad Mar 19 Firozabad Apr 19 
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Figure 5.5: Wind rose plots for the months of 2019 and the year 2019 

5.2.4 Digital Elevation Model (DEM) and Receptor Grid Network 

The Digital Terrain Elevation Model (DEM) is the most critical information required for 

complex terrain. The terrain affects the dispersion significantly. DEM is required to predict 

wind flow patterns and dispersion. AERMOD processes DEM data and creates an elevation 

and height scale (the terrain height and location that has the greatest influence on dispersion) 

for each receptor in the domain. The terrain is the vertical dimension of the land surface. 

Gridded terrain elevations for the proposed modelling domain were derived from 3 arc-second 

digital elevation models (DEMs) produced by the United States Geological Survey (USGS). 

Firozabad Nov 19 Firozabad Dec 19 

Firozabad 2019 
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The processed terrain elevation data is shown in Figure 5.6. Receptor locations can be defined 

using a set of uniform Cartesian grid networks, uniform polar grid networks, and discrete 

Cartesian grid networks. A total of 441 receptors (Figure 5.7) were defined to analyse ground-

level PM2.5 concentrations. 

 

Figure 5.6: Terrain contour map of the Firozabad city 
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Figure 5.7: Uniform cartesian grid receptor network 

5.3 Evaluation of Dispersion Modelling Results 

The air dispersion modelling was done with complex terrain (using the elevation heights in 

Firozabad city). By this approach, all the elevations of terrain were accounted for, and the air 

dispersion reflected more accurate results as compared to flat terrain. The model was run 

considering only the sources within Firozabad city. Dispersion modelling was carried out using 

state-of-the-art models to apportion the contribution of collective sources and sector-wise: 

domestic, construction, hotels, MSW, hospitals, industries, industrial DG sets, vehicles, road 

dust, etc., for the city. 

5.3.1 The Combined Impact of All the Sources 

The highest 24-hour average, monthly average, and annual average PM2.5 concentration plots 

for all sources in Firozabad city are given in Figure 5.8 to Figure 5.10. The first highest values 

of PM2.5 concentration were obtained for 24-hour (day maximum), month’s maximum and 

annual average in the year 2019. In Firozabad city, the highest 24-hour average was 165 µg/m3 

(1st December 2019), the monthly average PM2.5 levels for the critical month (October) were 
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80 µg/m3, and the annual average was 50 µg/m3. The dispersion modelling was performed on 

an area of 30×30 km² to cover the city. The emissions were considered from the grids of 500 

m × 500 m. Both 24-hour and annual air quality standards for PM2.5 are exceeded in the city. 

 

Figure 5.8: Iso-Concentration plot of highest 24-hour PM2.5 levels 

 

Figure 5.9: Iso-Concentration plot of monthly average PM2.5 levels 
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Figure 5.10: Iso-Concentration plot of annual average PM2.5 levels 

The highest 24-hour average PM2.5 concentrations were observed during the winters (October 

to January), while the lowest was during the peak summer month (May), followed by the 

monsoon month (July). The concentration of September showed high values compared to 

October. The highest 24-hour average PM2.5 level (among all receptors) from all sources in 

different months is shown in Figure 5.11 and the highest monthly average in Figure 5.12. 

 

Figure 5.11: Highest 24-hour average PM2.5 levels from all sources in 2019 
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It was observed that the PM2.5 concentration in the ambient air increases as the winter season 

approaches. During peak summer and monsoon seasons, the PM2.5 concentration was the 

minimum and increased steadily with the fall in temperature, which promoted stable 

atmospheric conditions and reduced dispersion of pollutants. From the annual average plot, the 

PM2.5 concentration was seen to be elongated along the prevailing wind direction (N-E). 

 

Figure 5.12: Monthly highest average PM2.5 levels from all sources in 2019 

5.3.2 Sector-wise Impact of All the Sources 

The AERMOD dispersion modelling was performed sector-wise to observe the impact of each 

source separately. The source-wise peak concentration based on daily, monthly, and yearly 

(period average 2019) is shown in Table 5.1. The table presents the maximum contribution of 

PM2.5 from Road dust, Vehicle and Domestic sources. 

Table 5.1: Maximum PM2.5 levels (different time averages) from all sources 

Source 

Maximum PM2.5 levels (µg/m3) 

24-hour 

average 
Monthly average Annual average 

Road dust  125.00 57.00 35.00 

Brick Kiln 31.20 16.20 10.60 

Vehicle  24.00 11.70 7.96 

Domestic  19.20 10.10 6.57 

Hotel  8.79 4.00 2.83 

MSW burning  1.75 0.92 0.60 

Construction  0.93 0.44 0.29 

Industry  0.14 0.04 0.03 

Hospital  0.02 0.10 0.01 

DG sets  0.02 0.01 0.01 
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5.4 Summary of the Dispersion Modelling and Interpretations 

The major findings from the dispersion modelling are summarised below:  

The highest 24-hour average was 165 µg/m3 (1st December 2019), the monthly average PM2.5 

levels for the critical month (October) were 80 µg/m3, and the annual average was 50 µg/m3.  

From the annual average plots, it is seen that PM2.5 envelops a large area that gets elongated 

along the prevailing downwind direction (S-E) within Firozabad city. The annual standard for 

PM2.5 concentration (40 µg/m3) is exceeded in the area. 

The city's highest contributing source for the critical day (1st December 2019) is road dust, 

followed by brick kiln and vehicular emissions. Domestic sources are where the residential 

population is concentrated. The rank of different sources based on their PM2.5 contribution to 

the city is given in Table 5.2. 

Table 5.2: Rank sources in different regions based on their contribution to PM2.5 

Rank 1 2 3 4 5 6 7 8 9 10 

Sources Road dust  
Brick 

Kiln 
Vehicle  Domestic  Hotel  MSW burning  Construction  Industry  Hospital  

DG 

sets  

 

Overall, the top contributors to PM2.5 were road dust (59 %), brick kiln (15%), vehicles (11 %), 

domestic sources (9 %), and hotels (4 %), shown in Figure 5.13 at the hotspot. 

 

Figure 5.13: PM2.5 Percentage contribution of source-wise at the hotspot 
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5.5 Atmospheric Carrying Capacity (ECC) 

5.5.1 Introduction 

Atmospheric carrying capacity utilises both qualitative and quantitative approaches used for 

Firozabad city. The Carrying capacity included in this report is derived from the Rapid Study 

Report earlier prepared and submitted by our team. Its incorporation here ensures consistency 

with the prior study and avoids unnecessary duplication of work. 

In this study, an effort is made to quantify the Atmospheric carrying capacity in terms of 

emission loads and the emission reduction measures needed to keep the air quality within the 

recommended norm (NAAQS) in the city (S. Panda 2020). 

5.5.2 Estimation of Carrying Capacity 

The carrying capacity assessment was performed using an estimation of the atmospheric 

assimilative capacity of the city. Assimilative capacity is a crucial parameter for knowing the 

extent of pollution and load-carrying capacity of an area during various atmospheric conditions. 

It can be defined as the maximum amount of pollutant load an area can take without exceeding 

the specified air quality standards (Goyal et al., 2003). It varies significantly with respect to 

changing meteorological conditions and types of pollutants, and stack characteristics. 

Therefore, it is important to quantify the amount of emission loads a city can assimilate without 

violating the standards, which can give useful information to the decision and policy makers 

for formulating effective regulations to mitigate air pollution (S. Panda 2020).  

5.5.3 Ventilation Coefficient (VC) 

The first approach was through utilising meteorological parameters such as wind speed and 

mixing height. Ventilation coefficient (VC) is a parameter quantified by multiplying the wind 

speed and mixing height (S. Panda 2020). Meteorological parameters such as wind speed and 

mixing heights were obtained from the Weather Research and Forecasting (WRF) Model. We 

divided the whole year into four seasons: winter (December, January and February), summer 

(March to June), monsoon (July to September), and post-monsoon (October to November). The 

diurnal variation of mixing height and Wind speeds for the city is represented in Figure 5.14. 
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Figure 5.14: Diurnal variation of Mixing height and Wind speeds 

According to the IMD report, the air environment is considered as low contamination potential 

when VC > 12000 m2/sec, medium contamination potential with VC ≈ 6000 - 12000 m2/s and 

high contamination potential when VC < 6000 m2/sec (Goyal et al., 2006). 

 

Figure 5.15: Diurnal variation of ventilation coefficient (VC) 

Ventilation coefficient was seen to be lower during morning hours, which gradually increases 

as the day forwards and arrives at a peak during early afternoon, and again decreases. Summer 

shows a peak in late afternoon also. The pattern was observed to be similar in all seasons. 

Figure 5.15 illustrates the diurnal variation of the ventilation coefficient during the annual, 

winter, summer, monsoon and post-monsoon seasons.  
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The area's carrying capacity was observed to be lower for the post-monsoon and winter seasons. 

During the summer season, the ventilation coefficient was observed to be higher in the range 

of 5000-7000 m2/s for 12-18 hours, which denotes low pollution potential during the season. 

5.5.4 AERMOD model-based carrying capacity  

Critical carrying capacity can be characterised as the maximum emissions (tonnes/day) a city 

can take in a given timeframe without exceeding the air quality standards. Residual carrying 

capacity is the difference between critical carrying capacity and the current loads in the area. 

To understand the impact of meteorology on the dispersion of air pollutants and to plan the 

season-specific emission control measures based on atmospheric dispersion, we further 

estimated season-wise load-carrying capacities of the city under various pollution levels S. 

Panda and S. Nagendra, 2017). 

 

Figure 5.16: Flow chart for quantification of carrying capacity 

The flow chart for the quantification of carrying capacity is shown in Figure 5.16. The 

AERMOD dispersion modelling generates 24-hour peak PM2.5 concentration based on 
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emission inventory and meteorological data for a total of 441 receptor grids throughout the 

year.  

5.5.4.1 Analysis of PM2.5 exceedances 

The levels within the NAAQS are acceptable in terms of the recognised effects on human health 

and the environment’s point of view. An exceedance is defined when the concentration of a 

pollutant exceeds the air quality standards or limit values (Singh V. et. al. 2020). The PM2.5 

concentration should not exceed the threshold value of the NAAQS in a given period which is 

60 µg/m3 for 24-hour and 40 µg/m3 for annual averaging. 

The daily peak 24-hour concentration for 2019 is shown in Figure 5.17. Firozabad had 182 

days of exceedances in a year when the level exceeded the NAAQS. 

 

Figure 5.17: Peak concentration of daily throughout the year 

The peak 24-hour concentration in each month is shown in Figure 5.18. The concentration was 

highest in December, and levels were generally highest in winter months. Even in monsoon or 

summer months, the PM2.5 standard may not be achieved.  
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Figure 5.18: 24-hour peak PM2.5 concentration in months  

The PM2.5 emissions for the city have been calculated in Table 3.4 as 4427 kg/d, counted as 

the pollution load on the city. The carrying capacity is calculated based on the Equation 7 as 

given below. 

𝐶𝑎𝑟𝑟𝑦𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝐶𝐶) =
𝑁𝐴𝐴𝑄𝑆 

𝑀𝑎𝑥.  𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑖𝑜𝑛
× 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐿𝑜𝑎𝑑      ......... Equation 7 

The estimation of carrying capacity is based on 2  hour and month’s maximum concentration 

separately, which can be valuable to analyse monthly or seasonal variations throughout the 

year effectively. The monthly distribution of CC and PM2.5 for 24-hour maximum 

concentration based on emission load are shown in Figure 5.19 and given in Table 5.3. 

 

Figure 5.19: Carrying Capacity (CC) and PM2.5 concentration 
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Table 5.3: Carrying Capacity, PM2.5 concentration at current emission load of 4427 

Kg/d 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec* 

Monthly Max 120 107 101 92 71 94 81 114 141 126 151 165 

NAAQS 60 60 60 60 60 60 60 60 60 60 60 60 

CC (Kg/d) 2214 2484 2628 2874 3722 2827 3277 2323 1890 2110 1765 1613 

Required Emission  

Reduction (%) 50 44 41 35 16 36 26 48 57 52 60 64 

 

The dispersion model shows that December is the critical month, so the overall required 

emission reduction is 64 % for December month (and continued in other months) to achieve 

the NAAQS. In other words, actions taken based on varying capacity of November month will 

ensure compliance with standards in other months also.  

The category-wise source emission load is taken from the city-level emission inventory (Table 

3.4). Based on the total emission load in the city, the acceptable air pollutant emission to attain 

air quality standard is estimated by considering the reduction in emissions from top five 

sources, MSW burning emission, regardless, will be zero (i.e., MSW burning must be stopped 

completely that could be an additional reduction in concentration). Table 5.4 represents 

percentage reduction in emission load for top five sources so that total emissions are withing 

the assimilative carrying capacity of the critical day (i.e., 1st December 2019). 

Table 5.4: Proposed Source-wise emission reduction 

Emissions (kg/d) 
Sources 

Road Dust Domestic Vehicle Industries Brick Kilns 

Current emission 2907 561 551 137 115 

Reduction in emissions 70% 45% 50% 45% 45% 

Residual Emission 872 309 276 75 63 

 

The dispersion modelling was again performed with reduced emissions (Table 5.4) to ensure 

that the air quality standard of PM2.5 is achieved with the proposed reductions. The peak 

concentration based on daily and annual (periods average) are 60 µg/m3 (4th December 2019) 

and 20.1 µg/m3 (Figure 5.20 and Figure 5.21). It is seen that with the proposed reduction in 

emissions, both annual and 24-hour air quality standards can be achieved, and emissions will 

be lower than the estimated carrying capacity.  
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Figure 5.20: Iso-Concentration plot of 24-hour (max) with emission reductions for the 

critical day (4th December 2019)  

 

Figure 5.21: Iso-Concentration plot with emission reductions for an entire year   
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5.6 Conclusion and Actions Plans 

The CC approach using current emissions, meteorology and state-of-the-art model AERMOD 

has provided the allowable emission load to attain air quality standards both for 24-hour and 

annual standards for PM2.5. The caring capacity is variable (1613 - 3722 kg/d) depending on 

daily and monthly meteorology. It is seen the CC is the lowest in winter months and highest in 

April to July months. However, the carrying capacity is much lower than the total emissions 

(4427 kg/d), so significant emission reduction is required. We have considered MSW burning 

should immediately stop and final emission reductions are proposed based on the critical 

month. 

Table 5.5: Proposed source-wise emission control plan 

Emissions (kg/d) 
Sources 

Road Dust Domestic Vehicle Industries Brick Kilns 

Current emission 2907 561 551 137 115 

Control in emissions 70% 45% 50% 45% 45% 

Drop in emissions 2035 252 276 62 52 

 

Overall reduced emission after control (for top five sources) = (4271-2676) = 1595 kg/d 

It is examined that the proposed reductions will ensure that the emission load is always less 

than the carrying capacity and will ensure compliance with 24-hour and annual air quality 

standards. 
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6 Control options, Analyses and Prioritization for Actions 

6.1 Air Pollution Scenario in the City of Firozabad 

The city of Firozabad has several environmental issues, and it is a nonattainment city for 

national air quality standards in respect of PM10 and PM2.5. There are several prominent sources 

within and outside Firozabad city contributing to PM10 and PM2.5 in its ambient air. Chapter 3 

presented the emission inventory and Chapter 4 described the apportionment of sources 

contributing to ambient air pollution. The summary of the source apportionment results is 

presented below.  

In winter, mean PM10 – PM2.5 levels are 378 – 283 µg/m3. The overall city-level contribution 

of sources to ambient air PM10 – PM2.5 levels are (given in parenthesis): vehicles (18.5 – 21%), 

secondary inorganic aerosol (SIA; 15%), soil and road dust (30 – 26%), MSW burning (7.2 – 

6.8%), biomass burning (18 – 21%), construction (3 – 2.5%), and coal and fly ash (8 – 7.7%).    

In summer, mean PM10 – PM2.5 levels are 138 – 61 µg/m3. The overall city-level contribution 

of sources to ambient air PM10 – PM2.5 levels are (given in parenthesis): soil and road dust (36 

– 27%), vehicles (17 – 20%), SIA (7 – 10%), MSW burning (12 - 15%), biomass burning (13 

– 18%), construction material (5 – 3%), and coal and fly ash (9 – 7.5%).  

Although source contributions to summer and winter air pollution are different, the overall 

action plan should include control of sources regardless of the season. This chapter presents 

various air pollution control options and their effectiveness in improving air quality. At the end 

of the chapter, a time-sensitive action plan is presented. 

6.2 Source-wise Overall Action  

6.2.1 Hotels, Restaurants and Banquet Halls 

The large hotels, restaurants, banquet halls (BH) and bakeries were surveyed, and their fuel 

usage activity data was collected. The total number of Hotels, Restaurants, Guest Houses 

(GHs), and Banquet Halls (BHs) are approximately 210. It was observed that in addition to 

LPG, coal/wood is being used as fuel in the tandoors, barbeques, and Banquet Halls (BHs). 

The PM emission in the form of flyash contributes to air pollution from these activities. 
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It is also seen that the ash/residue from the tandoor/barbeques and other activities are 

indiscriminately disposed of near the roadside. This contributes to road dust emissions also. 

The municipal corporation should strictly enforce coal-free cooking in hotels and restaurants, 

BHs, and marriage places. The ash must be stored in non-porous impervious bags and properly 

disposed off. One may consider linking the commercial license to clean fuel commitment. A 

70% reduction in PM10 (130 kg/d) and PM2.5 (68 kg/d) can be achieved by adopting clean fuels 

like PNG/LPG or electric appliances.  

Some of the large hotels and restaurants have DG sets. The DG sets should be under the 

designated emission norms, meet stack height requirements and use only BS-VI fuel with a 

diesel particulate filter (DPF). DG sets of 2KVA and smaller (operating at ground level) may 

be banned and one can use an inverter or solar-based generators.  

6.2.2 Municipal Solid Waste (MSW) Burning 

In winter, the overall PM10 and PM2.5 contribution from MSW burning is about 7%, and 

stopping this burning is the simplest way to reduce PM10 and PM2.5 levels. Any form of garbage 

or waste burning should be fully stopped and strictly monitored for its compliance. The 

municipal corporation may consider imposing penalties and fines to deter people from burning 

any residue and further improve the collection and disposal of the MSW. 

The Solid waste generation is around 269.1 MT/day, and the waste collected is approximately 

259.7 MT/day. The MSW collection efficiency is 96.5% in Firozabad city (UPPCB SWM 

Annual Report 2019-20). 

The municipal corporation should strengthen the infrastructure and prioritize the MSW 

collection mechanism starting systematically in each ward with an emphasis on public 

awareness to ensure 100% collection of MSW (including access to remote and congested areas) 

and disposal at the scientific landfill site. Special attention is required for fruits and vegetable 

markets, commercial areas, industrial areas, mandis, collection of tree leaves, and high-rise 

residential buildings.  
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Figure 6.1: MSW Burning in some parts of city  

A mechanism should be developed to carry out a mass balance of MSW generation, collection 

and disposal on a weekly and monthly basis.  

Desilting and cleaning of municipal drains by municipal corporation should be undertaken on 

a regular interval, as the silt with biological activities can cause emission of air pollutants like 

H2S, NH3, VOCs, etc.  

Sensitize people and media through workshops and literature distribution to prevent waste 

burning and its unauthorized disposal; this activity may be undertaken municipal corporation. 

A helpline Number (For reporting complaints about air pollution viz., open burning, fugitive 

emission due to construction activities, etc.) should be created and advertised. 

6.2.3 Construction and Demolition  

The construction and demolition (C&D) emission can be classified as temporary or short-term. 

In a developing urban area, these temporary or short-term construction activities are frequent. 

This source is one of the significant ground-level emission sources. Nearly at all the 

construction sites, the construction material, and their debris (lying in the open, without covers) 

are being stored outside the construction premises and near the road (Figure 6.2).  

Every C&D activity should fully comply with C&D Waste Management Rules, 2016. A few 

C&D waste recycling facilities must be developed, which is a common practice in large cities. 

The control measures for emissions should include: 

• Wet suppression of building material (except cement) 
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• wind speed reduction barriers (for large construction sites) 

• Waste should be properly disposed of and not stored on the premises or on the roadside.  

• Proper handling and storage of raw material: cover the storage and provide the 

windbreakers.  

• Vehicle cleaning and specific fixed wheel washing on leaving the site and moving on 

haul routes. 

• The actual construction area is covered by a fine screen. 

• No storage (no matter how small) of construction material near the roadside (up to 10 

m from the edge of the road). 

• The haul road (from the main road to the construction area) should be brick roads or 

interlocking blocks that can sustain the weight of loaded trucks and should be regularly 

cleaned. 

The above control measures should be coordinated and supervised by Uttar Pradesh Housing 

Board, Municipal corporation, Urban Development Department, PWD, and UPPCB. 

 

 

Figure 6.2: Construction material and debris near construction sites 

The suggested control measures will reduce the emission by 50% in PM10 (17.5 kg/d) and 72% 

in PM2.5 (5.76 kg/d). This will also reduce the road dust and fly ash contribution to ambient air 

concentration.  

6.2.4 Domestic sector 

The projected population of Firozabad city for the year 2019 is approximately 800000 and the 

emissions from the domestic sector for the projected population are estimated. The population-

wise fuel consumption pattern shows LPG (85%) consumption (CEEW Report, 2019), Wood 

(9.6%), Crop residue (1.2%), Dung (1.1%), Coal (1.3%), and Kerosene (0.7%). 
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There are several low economical areas where households have LPG connections but do not 

regularly use the LPG. Overall LPG and PNG should be made available to the remaining 15% 

of households to make the city 100% LPG and PNG fuels.  By 2030, planning should be done 

that as many households as possible shift to electric cooking. For new societies, buildings 

should have a good infrastructure for PNG or provision for electric cooking – this will avoid 

transport and use of LPG cylinders.  

This action of LPG and PNG supply is expected to reduce 82% of PM10 (609 kg/d) and 81% 

in PM2.5 (454 kg/d) from this source. 

In the residential area, electricity supply interruptions of approximately 6–8 hours daily were 

observed. During this period, backup power was provided primarily through diesel generator 

(DG) sets. Although DG sets ensured continuity of essential services, their prolonged operation 

has contributed significantly to local air pollution. It is recommended to ensure the 

uninterrupted power supply to residential areas. Renewable energy should be used to cater to 

the need of residential houses requirements in the absence of power failure to stop the use of 

DG Set. 

The above control measures should be coordinated and supervised by Department of Food, 

Civil Supplies and Consumer Affairs and Oil Companies (Indian Oil/HP, etc.), State Energy 

Department, and UPEBL as per their jurisdictions. 

6.2.5 Soil and Road Dust 

It has been observed that the soil and road dust emissions and their contribution to ambient air 

concentration are consistent, and it is one of the largest sources of PM10 and PM2.5 emissions. 

The average silt load, an important factor in PM emissions from the road is 8 g/m2. The 

industrial areas, where heavy-duty vehicle movement is seen, also show high road dust 

emissions. It is suggested that high traffic density and heavy-duty vehicle roads should be 

properly maintained, paved from one end to another, have sidewalks through interlocking 

blocks for pedestrians, and have proper drainage from the road. Shrubs should be planted on-

road dividers and dust removed from the edge of the dividers. Out of the total road network, 

about 60% of surface quality is poor. 

The following control measures are suggested to reduce the dust emissions from the major 

roads: 

1. Mechanical sweeping with water wash: The road dust PM10 emission estimated is 
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12735 kg/day and PM2.5 2907 kg/day. The emissions depend on the season and 

moisture on the road. This emission will be maximum in summer and least in 

monsoon. The efficiency of mechanical sweeping has been reported as 55% (Amato 

et al., 2010). If the sweeping of the main roads is done twice a month, the road dust 

emission will be reduced by 23% and if the frequency is increased to four times in 

a month, then the road dust emission will be reduced by 52%. This effort is likely 

to reduce emissions by 6622 kg/d for PM10 and 1511 for PM2.5. 

2. Vacuum-assisted Sweeping: The efficiency of vacuum-assisted sweeping is 90% 

(Amato et al., 2010) and this should be part of the specification that there are no 

leakages of collected dust from vacuum trucks.  If the sweeping is done twice a 

month, the road dust emission will be reduced by 42% of PM10 (5348 kg/day) and 

PM2.5 (1220 kg/d). If the frequency of sweeping is increased to four times a month, 

then the road dust emission will be reduced by 71% of PM10 (9041 kg/d) and PM2.5 

(2063 kg/d). 

3. It is more important that the condition of the roads is properly maintained and paved 

wall to wall including shoulders. Broken roads are the source of silt accumulation 

and particle generation. 

4.  If the silt road is greater than 2 g/m2, the vacuum-assisted sweeping should be 

carried out along with water washing by the municipal council. 

5. NHAI should ensure that the silt load on highways is less than 2 gm/m2. 

6. The condition of the roads must be maintained properly with no potholes and 

shoulders paved by interlocking concrete to have a proper sidewalk.  

7. Convert all unpaved, partially paved roads to fully paved roads. PWD (Public 

Works Department) and city administration may take action in this regard. 

8. The truck carrying construction material, or any airborne material should be 

covered. 

9. Vacuum sweeping of roads with high silt load locations (Jain Temple Tiraha and 

New Bypass Chauraha) should be carried out at least four times a month also 

carpeting of shoulders, maintenance of the road, dividers, and kerbs should be 

carried out at regular intervals. This activity should have proper documentation 

including the quantity of dust collected from the roads. 

10. Shrubs and perennial forages, or grass covers should be planted on the medians 

wherever possible. 

11. Soil dust could be part of road dust also. It is recommended that open fields should 
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be kept slightly wet and small shrubs are planted to prevent the drift of dust in 

summer. 

The above control measures should be coordinated and supervised by Uttar Pradesh Housing 

Board, Municipal corporation, NHAI, PWD, and State Forest Department (for increasing green 

cover and plantation) as per their jurisdictions.  

6.2.6 Vehicle Emission Control, Congestion and Traffic Management 

The vehicle emission contribution is significant for CO, NOx, PM10, and PM2.5. The source 

apportionment results show that commercial area GCRF have large vehicle contributions with 

an overall contribution of 20% in PM2.5 in winter months.  

The control measures must focus on advanced technological intervention for diesel vehicles 

like Diesel Particulate Filters (DPF). The specific recommendations for vehicular emission 

control are enumerated below (specific recommendations are discussed later). 

1. Retro-fitment of DPF: These filters have a PM emission reduction efficiency of 60-

90%. If the diesel vehicles entering and those in the city are equipped with DPF, there 

is a possible reduction of 40% of PM2.5 emissions. This option must be explored as 

Bharat stage VI (BS-VI) fuel is available and this technology can be adopted. 

2. Industries should encourage employing trucks and heavy-duty vehicles of Bharat stage-

VI or IV with DPF for transportation of the raw material and finished products from 

the industry. 

3. By the end of 2030, a target of 50% of the total registration of vehicles in the city should 

be electric vehicles (EVs) in the sector of 2Ws, 3Ws and passenger cars. A suitable 

subsidy or tax break may be considered for individuals opting for EVs. Charging 

infrastructure should come up quickly at multiple places (As per Ministry of Petroleum 

guidelines, charging infrastructure for EV- Revised guidelines and standards, Oct 1, 

2019, MoP), including charging at public buildings and parking lots and battery 

swapping facilities should be planned to avoid long charging periods, especially for 

two-wheelers.  

Transition to EV Cars and Emission Reductions 

• Period: 2022 to 2032  

• Y-to-Y growth rate: 9% 
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• EV sell in the first year: 10% (of total)  

• Increment in sales in EV 20% of the previous year 

4. All the diesel-based city public transport (government/private buses) should be phased 

out completely in the next three years, and city transport should be operated only 

through e-vehicle, or on CNG. All new public transport should be CNG or electric 

buses. Diesel buses below BS-IV must be restricted in the city. 

5. Restriction on the bike-operated commercial rickshas in the city and encourage to use 

CNG/electric vehicles for commercial activities. 

6. It is expected that all cars and small vehicles on BS-IV and lower must be scrapped by 

2031 and on the road, fleet must of BS-VI. The overall emissions from vehicles will be 

reduced by 93%.  

7. Heavy Vehicles Like buses and trucks on BS-II must be scrapped off and at least the 

fleet be on BS-IV.  

8. Emissions from in-use vehicles also depend on the maintenance and upkeep of vehicles. 

In this regard, it is suggested that each vehicle manufacturing company should have its 

authorized service centres in sufficient numbers to cater to the need of their vehicles in 

the city. The automobile manufacturing company-owned service centres (AMCOSC) 

should be fully equipped for complete inspection and maintenance of vehicles ensuring 

vehicles conform to emission norms and fuel economy after servicing. Every vehicle at 

least once a year should undergo a thorough check-up and compliance with pollution 

control devices and their proper function from an authorized centre.  

9. The current official PUC centres in Firozabad are not available at Transport 

Department but 4 - 8 PUC Centres are required per 1,00,000 vehicles (5 mins/vehicle 

and 12 hrs/day). Proper maintenance and calibration of equipment must be ensured by 

regular surveillance. 

10. Linking of PUC centres with remote servers and elimination of manual intervention in 

PUC testing. 

11. The existing PUC system may be upgraded to an Infrared based system/Remote 

Sensing device (RSD) for on-road emissions monitoring at major traffic zones to 

identify the polluting vehicles from fleet as per the guideline of the Ministry of Road 

Transport and Highways, Government of India    

(https://morth.nic.in/sites/default/files/ASI/Draft%20AIS-170%20-

%20RSD_DF_Sep_20200930_C.pdf).  

12. Restriction on plying and phasing out of 10 years old commercial diesel-driven 
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vehicles. 

13. Check the overload vehicles: Use weigh-in-motion bridges/machines (WIM) and 

Weigh-bridges at entry points to the city and at the toll plaza to check the payload of 

commercial vehicles. As per CMVR, a penalty of 10 times the applicable rate for an 

overloaded truck is applicable. 

14. Uttar Pradesh Road Transport Corporation should plan and install multiple electric 

charging facilities in its depots (in Firozabad and other destinations) to quickly move 

towards electric buses.  

15. Incentivise and aggressively implement e-mobility including required charging 

infrastructure. Strategic plan for EV charging infrastructure at each 3 km in urban areas, 

25 km on highways (both sides), and 100 km for buses and trucks and swappable battery 

stations. 

16. The local public transport in the city should also move to electric buses. It is suggested 

that buses should be medium size of 30 seating capacity and provide better frequency 

for easy maundering in the city to avoid difficult turning and congestion. 

17. Route rationalization: Improvement of availability by rationalizing routes and fleet 

enhancement with requisite modifications. Ensure integration of the existing metro 

system with bus service. 

18. Information technology (IT) systems in buses, bus stops, and control centers and 

passenger information systems should be introduced for the reliability of bus services 

and monitoring. 

19. The public transport system is inadequate. The large intracity passenger demand is met 

mostly by tempos and autorickshaws. The tempo movements are undisciplined, and 

they form multiple lanes, stop as per their will in the middle of the road and hardly 

follow any traffic rules; this leads to congestion and safety hazard. There should be 

designated places where tempos can stop to drop and take passengers/commuters. There 

is no tempo terminal facility thus these mushroomed up in one place completely 

blocking the road at the terminus. 

20. Other than a few roads, there is a lack of footpath availability and marking of zebra 

crossing for pedestrian movements and people are forced to walk on the road. Proper 

footpaths and ease of crossing should be available for pedestrians.  

21. Adequate vehicle scrappage infrastructure should be developed in the next three years. 

Extended Producer Responsibility (EPR) may be considered for vehicle manufacturers, 

who will have to build required vehicle scrap plants. 
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22. Public transport is to be strengthened with metro and/or an adequate number of buses, 

route plan based on commute surveys, and Mobile App based ticketing and seating 

system is developed in all major cities. 

Decongestion of Roads 

Chaotic, undisciplined, and poorly managed traffic, driving in the opposite direction of the 

main traffic, a culture of mine first, parking in no-parking areas and on-street parking are the 

major causes of traffic congestion and pose a safety hazard. The slow movement of vehicles 

results in much higher emissions than vehicles at smooth cruising speed. The large vehicles 

(Trailers and Trucks) require specific attention including installation of DPF. 

To increase the average speed and get full advantage of BS-VI, decongestion, removing 

encroachments from the roads, and stopping unauthorized and improper parking are essential. 

The off-street parking is inadequate in the city causing jams and permanent congestion because 

of on-street haphazard parking.  

The specific points that will help in decongestion are elaborated below. 

• Heavy encroachment by shopkeepers and street vendors is observed in the commercial 

area and residential areas, and vehicles are parked on the road. The parked vehicles take 

up to 40% of the road width, although one-third of the roads are more than 30 m wide. 

This reduces road utilization by about 50%.  

• The unauthorized vehicle service centres located near the road make things worse as 

the vehicle is parked on-road while servicing and repairing and oil and grease spillage 

can be seen. 

• Heavy-duty vehicles and buses which are destined for other cities pass through major 

roads within Firozabad city and create heavy congestion.  

During the traffic recording and survey, two major intersections are identified as traffic 

bottlenecks Jain Temple Tiraha, New Bypass Chauraha, Karku Kothi Tiraha and Shanti Road 

Chauraha.  

Parking spaces 

Off-street parking is inadequate in the city. There must be no parking zone (up to 50 m 

including auto, electric, and hand-pulled rickshaw) near the intersections as (Figure 6.3) it will 
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help the smooth traffic flow. Certain parking policies in congested areas (high parking costs, 

at city centers, and parking should be limited for differently abled people.  

Vehicles are parked on roads and a few places occupying 50 percent of the thoroughfares 

virtually causing traffic jams and very slow movement of traffic.  

The city should strictly follow Recommendations from IRC 12-2015 of prohibiting on-street 

parking as detailed below:  

• Near Intersections: the capacity of an intersection is greatly reduced if vehicles are 

allowed to park on the approaches. Visibility is also adversely affected & safety is 

reduced. It is the general practice to prohibit parking for a distance of about 50 m on 

the approaches to a major intersection.  

• Narrow Streets: Narrow streets with heavy traffic require that all possible measures 

should be taken to remove obstacles to traffic flow. Prohibition of parking can have a 

salutary effect on traffic flow & congestion. In the busy street of the central area, it is 

generally desirable to prohibit parking on two-way streets with less than 5.75 m in width 

& one-way streets less than 4 m in width. 

• Pedestrian Crossings: Desirable to prohibit parking within about 8.0 m from the 

pedestrian crossings.  

• Structures: Structures such as bridges, tunnels and underpasses generally have a 

roadway width less than the highway and for this reason, it is desirable to prohibit 

parking on them.  
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Figure 6.3: Conflicts due to on-street parking near intersections 

 

There are modern technologies to facilitate multilevel car parking systems and the city should 

consider multilevel car parking systems in the near future. 

Automated Multilevel Car Parking Systems  

Automated car parking Systems are much in vogue - a method of automatic parking and 

retrieving cars that typically use a system of pallets and lifts and signalling devices for retrieval. 

They serve advantages like safety, saving of space, time, and fuel (since one does not have to 

drive around for locating space) but also need to have an extra and very detailed assessment of 

the parking required, space availability, and traffic flow. These can be further categorized into 

fully automatic or semi-automatic systems.  

Dependent/Stack System: This allows two passenger cars to be parked one above the other 

(Figure 6.13). Its single post saves space and offers flexibility. Besides a platform (curved at 

the ends to allow the car to roll on/roll off conveniently) there is an operating control pendant 

that can be located anywhere in the garage, basement, and outdoor structure for operation from 

a safe distance. 
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Figure 6.4: Multi-level car parking (example) 

Parking prices  

Since on-street parking has been a major concern within the region, strict guidelines need to be 

adopted to discourage private vehicles in the settlements. In some areas, high parking charges 

need to be introduced in the city. Also, the building norms must have the mandatory provision 

of parking at everyone’s house. Unauthorized on-street parking must be penalized and strict 

monitoring of compliance with defined rules to be enforced. “No parking zone” and no-vending 

zone signs should be placed at required locations exhibiting parking issues.  

Mostly, the parking is done on the walkways, and there is insufficient street space for 

pedestrians, cyclists, and public transport. In some places, there do exist parking places but 

still, people prefer to park on-street because of lower convenience and high prices at designated 

parking. 

Promoting Public Transport Travel 

Increasing the efficiency of public transport can deliver the benefits of enhanced road 

capacities, accessibility and safety, and security. Thus, it is proposed to improve the efficiency 

of the existing public transport system and bring in a new fleet of low-floor electric buses. The 

size of these buses (e.g. 30-seater minibusses) should be decided to keep in mind the limited 

road width available at several locations in the city. Since the oversized buses tend to occupy 

most of the carriageway and further lead to congestion at bottlenecks while turning. 
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6.2.7 Industries  

Ambient air samples collected in the industrial area during the winter months show high levels 

of PM10 and PM2.5. There are about 153 air-polluting units in the city (see section: 3.2.10, 

Chapter 3). The total PM10 and PM2.5 emission of 1 kg/d from industries is observed. It is also 

observed that most industries use LPG and natural gases. However, some industries might use 

coal, wood, pet coke, rice husk, and HSD as fossil fuels, which must be shifted to natural gas 

and electricity. A regular surveillance should be done frequently to identify illegal operations.  

A coordinated effort under the supervision of UPPCB and Industries Departments (i.e., 

Industrial Association) is suggested to implement the following control measures: 

• Since the residential areas are surrounded by industrial clusters within the city, the 

industry is to be shifted to PNG or electricity in a time-bound manner. 

• Ensuring compliance with emission standards in industries: All industries causing Air, 

Water, and Noise pollution shall be made compliant w.r.t environmental regulations. 

• Strict action to stop unscientific disposal of industrial waste in the surrounding area. 

• Industrial waste burning should be stopped immediately which is seen in the industrial 

area especially packing materials. 

• The area and road in front of the industry should be free from any storage or disposal 

of any waste or raw material. 

• The industry should follow best practices to minimize fugitive emissions within the 

industry premises; all leakages, transfer points, loading and unloading, and material 

handling within the industry should be controlled. 

• Adequate and quality electric supply should be available to the industries for an 

effective industrial operation and avoidance of the DG sets.  

• It is seen that industrial waste (hazardous) is mixed with MSW and burnt in several 

parts of Firozabad. It is recommended that no industrial waste should be mixed with 

MSW rather disposed of at TSDF (treatment storage and disposal facility) for hazardous 

waste disposal.  

• There are industries with induction furnaces, which is a very polluted process, with 

almost no pollution control devices. The maximum emissions occur when the furnace 

lids and doors are opened during charging, back charging, alloying, oxygen lancing (if 

done), poking, slag removal, and tapping operations. These emissions escape from the 

sides and top of the building.  
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• There are many small boilers in many industrial clusters in Firozabad. Replacement of 

small boilers with common boilers for steam generation in a cluster of industrial units 

is an important way forward. There are several advantages of switching from individual 

small boilers to common boilers. The individual industrial units can avoid a range of 

costs that include the cost of installing small boilers and associated fuel costs, the cost 

of air pollution control devices, and operation and maintenance costs, and can also 

avoid the need for getting environmental clearances for boilers. 

 

Industrial waste burning must be stopped under the supervision of UPPCB. It is also seen that 

solid waste (all types) is dumped and stored just outside the premises of the industry; this is 

not acceptable, and it looks unpleasant and at times spills over the road. It is recommended that 

all hazardous waste should send to an industrial non-hazardous TSDF for industrial waste. 

They should not be allowed to dispose of the waste on roads or in front of the industry. Strict 

compliance and surveillance are required that hazardous waste goes to TSDF under the 

supervision of municipal council and UPPCB. 

6.2.8 Diesel Generator Sets: 

To discourage the use of DG sets, the key focus has to (i) strengthening of grid power supply, 

uninterrupted power supply to the industries in the region and replacing DG sets with gas-based 

sets, (ii) Renewable energy should be used to cater to the need of office requirements in the 

absence of power failure to stop the use of DG Set. 

While the new installation can be based on PNG-based sets, the existing ones can be replaced 

in a phased manner. Continuous supply of gas must be ensured. It may be noted that while the 

capital cost of a diesel generator set is lower than that of the gas-based set, the operational cost 

of the gas-based set is lower as CNG prices are much lower than the diesel prices. 

6.2.9 Secondary Particles: Control of SO2 and NO2 from Large point sources 

The secondary particles contribute about 15 percent in winter and 9 percent in summer in PM2.5. 

These particles source from precursor gases (SO2, NOx, and NH3), which are chemically 

transformed into particles in the atmosphere. Mostly, the precursor gases are emitted from far 

distances from large sources. For sulphates, the major contribution can be attributed to large 

industries using coal or heavy oil like furnace oil. However, the contribution of NOx from local 

sources, especially vehicles and power plants can also contribute to nitrates. Behera and 
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Sharma (2010) for Kanpur have concluded that secondary inorganic aerosol accounted for a 

significant mass of PM2.5 (about 34%) and any particulate control strategy should also include 

control of primary precursor gases.  

6.2.10 Secondary Organic Aerosols 

The estimated emission of secondary Organic Aerosol (SOA) based on OC3 and OC4 

components of PM2.5 is estimated as 22.16 μg/m3 in winter (i.e., about 8% of PM2.5). This 

implies that emissions of VOCs (volatile organic compounds) need to be controlled by 

industries, petrol pumps, and dry-cleaning units.  

As for the industry, it is suggested that the solvent recovery should at least be 95%. The dry-

cleaning units should follow best practices and consider solvent recovery units. It is 

recommended that all petrol pumps in Firozabad install vapour recovery system to reduce VOC 

emissions at the time of dispensing petrol/diesel also at the time of filling a storage tank at the 

petrol pump. It is also recommended that VOC-free paints be used in painting works. 

All petrol retail outlets with 100 KL per month petrol capacity should provide a vapour 

recovery system (VRS) both at stage 1 and stage 2. 

6.2.11  Biomass Burning 

India being an agrarian country produces a huge amount of crop residue annually, both on-field 

and off-field, which is estimated to be about 500-550 million tons (Mt) (Indian Agricultural 

Research Institute, 2012). Rice crop contributes 36% of total crop residue whereas wheat 

contributes 22%. Traditionally, these residues are used for feeding cattle composting, thatching 

roofs in rural areas, and fuel for domestic and industrial uses. According to a study conducted 

by Pathak et al. (2010) and from the calculations based on IPCC coefficients, the total crop 

residue burnt per year in the country is estimated to be over 90 million tonnes. Regular 

Surveillance of open burning or other burning sources is to be done by UPPCB. 

6.3 Summary of Actions and Control Options 

It may be noted that air-polluting sources are plenty and efforts are required for every 

sector/source. In addition, there is a need to explore and implement various other options for 

controlling air pollutants.  
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The control options, source emissions, and required controlled emissions with their impact on 

air quality are summarized. Table 6.1 summarizes the actions with timeline and identified 

agencies for taking or implementing the actions for PM2.5 and PM10.  

6.4 Strengthening of UPPCB Firozabad Regional Office 

The following measures may be taken to strengthen the UPPCB regional office, Firozabad 

• Additional manpower for sampling, analysis, assessment, action plan implementation 

and surveillance.  

• Coordination with other implanting agencies.  

• Upgradation of emission inventory every two year and assess emission reduction.  

• Capacity-building through regular training; and  

• Laboratory upgradation analysis of metals and other pollutants.   
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Table 6.1: Control Options and Action Plan for City of Firozabad 

Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Hotels/ 

Restaurants/ 

Banquet Halls 

All Restaurants small or large should not use coal and 

shift to gas-based or electric (for sitting capacity of 

more than 15 persons) appliances. 

Municipal corporation Firozabad (MCF) 1 year 

Link Commercial license to clean fuel 

Municipal corporation Firozabad, Department 

of Food, Civil Supplies and Consumer Affairs 

and Oil Companies (Indian Oil/HP, etc.)  

1 year 

Ash/residue from the tandoor and other activities 

should not be disposed of near the roadside. Requires 

ward-level surveillance.  

Municipal corporation Firozabad 1 year 

Domestic Sector 

LPG to all. Some of the populations are still using 

wood, biomass and dung cake as cooking fuel, 

especially in surrounding areas of city. 

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.) 

1 year 

No new building complex or society be allowed 

without a PNG supply distribution network 

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.) 

2 years 

By 2035, the city may plan to shift to electric cooking 

(common in western countries) or PNG at the 

minimum, that is completing shifting from LPG 

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.)  

5 - 7 years 

Strengthening of grid power supply, uninterrupted 

power supply to the residential areas. 
State Energy Department, UPEBL 2 years 

Renewable energy should be used to cater to the need 

of residential houses requirements in the absence of 

power failure to stop the use of DG Set. 

State Energy Department, UPEBL 2 years 
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Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Municipal Solid 

Waste (MSW) 

Burning 

Any type of garbage burning should be strictly stopped. 

Current waste collection and surveillance are poor. 
Municipal corporation Firozabad 

Immediate 

Surveillance is required that hazardous waste goes to 

TSDF. 
Municipal corporation Firozabad, UPPCB 

Desilting and cleaning of municipal drains Municipal corporation Firozabad 

Waste including discarded packaging material burning 

in Industrial areas should be stopped. 

The U.P. State Industrial Development 

Corporation Limited (UPSIDC), UPPCB 

Daily, Monthly mass balance of MSW generation and 

disposal and keep the record 
Municipal corporation Firozabad  

Sensitize people and media through workshops and 

literature distribution so as not to burn the waste. 

Municipal corporation Firozabad, UPPCB, 

and NGO 

Construction 

and Demolition 

Wet suppression of open areas and material  MCF, Urban Development Department, PWD 
Immediate  Wind speed reduction (for large construction sites)  MCF, Urban Development Department, PWD 

Enforcement of C&D Waste Management Rules. The 

waste should be sent to a construction and demolition 

processing facility 

MCF, Urban Development Department, PWD 

Immediate 

Proper handling and storage of raw material: covered 

the storage and provide the windbreakers. 
MCF, Urban Development Department, PWD 

Vehicle cleaning and specific fixed wheel washing on 

leaving the site and damping down of haul routes. 
MCF, Urban Development Department, PWD 

The actual construction area should be covered by a 

fine screen or vertical tin covers up to 6.0 m. 
MCF, Urban Development Department, PWD 
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Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

No storage (no matter how small) of construction 

material near the roadside (up to 10 m from the edge of 

the road)  

MCF, Urban Development Department, PWD 

Builders should leave 25% area for green belt in 

residential colonies to be made 

mandatory. Haul roads inside large construction area be 

brick roads. 

MCF, Urban Development Department, PWD 

Sensitize construction workers and contract agencies 

through workshops. 

MCF, Urban Development Department, 

PWD, UPPCB, and NGO 

Road Dust 

The average silt load in Firozabad roads varies upto 8 

g/m2. The silt load on each road should be reduced to 

under 2 gm/m2. Regular vacuum sweeping should be 

done on the road having a silt load above 2 gm/m2. 

MCF, National Highway Authority, PWD, 

UPPCB (for silt load compliance) 

Immediate 

Convert unpaved roads to paved roads. Maintain 

pothole-free roads.  Remove encroachment from the 

paved shoulders 

MCF, National Highway Authority, PWD, 

UPPCB to carry out surveillance 

Implementation of truck loading guidelines; use 

appropriate enclosures for haul trucks and gravel 

paving for all haul routes. 

MCF, National Highway Authority, PWD 

Increase green cover and plantation. Undertake the 

green of open areas, community places, schools, and 

housing societies. 

MCF, National Highway Authority, State 

Forest Department, PWD 

vacuum-assisted sweeping is carried out four times a 

month on major roads with road washing.  
MCF, National Highway Authority, PWD 
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Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Vehicles 

Diesel vehicles entering the city should be equipped 

with DPF which will bring a reduction of 40% in 

emissions (This option can be implemented with 

vehicles of the BS-IV category as well) 

State Transportation Department 5 years 

Industries must be encouraged to use BS-VI or BS-IV 

(with DPF) vehicles for the transportation of raw and 

finished products  

Industrial Associations and State transport 

Department 
Immediate 

Restriction on plying and phasing out of 10 years old 

commercial diesel-driven vehicles  
Transport Department 2 years 

Restriction on the bike-operated commercial rickshas in 

the city and encourage to use CNG/electric vehicles for 

commercial activities. 

  

Introduction of cleaner fuels (CNG/ LPG) for all 

vehicles (other than 2-W). All new 2-W may be 

mandated to be electric vehicles. 

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.) 

2 years 

Check to overload: Expedited installation of weigh-in-

motion bridges and machines at all entry points into 

Firozabad. 

Transport Department, Traffic Police, 

Firozabad, NHAI, Toll agencies 
Six-months 

Electric/Hybrid Vehicles should be encouraged; New 

residential and commercial buildings to have charging 

facilities. All new city and school buses should be 

electric. 

Transport Department, RTOs Firozabad  1 year 

All intra and inter bus stops and their parking should be 

rationalized to ensure more efficient utilization. The 
Transport Department, RTOs Firozabad  1year 
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Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

depots should include well-equipped maintenance 

workshops and adequate charging stations.  

Enforcement of bus lanes and keep lanes free from 

obstruction and encroachment. 
MCF, RTOs Firozabad  1 year 

Route rationalization: Improvement of availability by 

rationalizing routes and fleet enhancement with 

requisite modification. 

RTOs Firozabad, Traffic Police, Firozabad  1 year 

IT systems in buses, bus stops, control centers, and 

passenger information systems for the reliability of bus 

services and monitoring. 

RTOs Firozabad, Traffic Police, Firozabad  1 year 

Movement of materials (raw and product) within the 

city should be allowed between 10 PM to 5 AM. 

Transport Department, Firozabad, RTOs 

Firozabad, Traffic Police, Firozabad  
1 year 

All the diesel-based city public transport should be 

phased out completely in next three to five years, and 

city transport should be operated only through e-

vehicle or on CNG. All new public transport should be 

CNG or electric buses. Diesel buses below BS-IV must 

be restricted in the city. 

Transport Department, Firozabad, RTOs 

Firozabad, Traffic Police, Firozabad 
3 – 5 years 

Incentivise and aggressively implement e-mobility 

including required charging infrastructure. Strategic 

plan for EV charging infrastructure at each 3 km in 

urban areas, 25 km on highways (both sides) and 100 

km for buses and trucks and swappable battery stations. 

Transport Department, Firozabad, RTOs 

Firozabad, Traffic Police, Firozabad 
2 years 
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Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Adequate vehicle scrappage infrastructure should be 

developed in the next three years. Extended Producer 

Responsibility (EPR) may be considered for vehicle 

manufacturers, who will have to build required vehicle 

scrap plants. 

Truck movement in industrial areas is the major 

sources of pollution. One should consider only BS-4 

and BS-6 trucks are allowed for transporting products 

and raw materials.  

Transport Department, Firozabad, HMDA, 

RTOs Firozabad, Traffic Police, Firozabad 
2 years 

Public transport to be strengthened with adequate 

number of buses, route plan based on commute surveys 

and Mobile App based ticketing and seating system is 

developed in all major cities 

Transport Department, Firozabad, RTOs 

Firozabad, Traffic Police, Firozabad 
2 – 5 years 

Industries and 

DG Sets 

Ensuring emission standards in industries. Shifting of 

polluting industries.  
UPPCB, Industries Department 

1 year 
Strict action to stop unscientific disposal of hazardous 

waste in the surrounding area 
MCF and UPPCB  

There should be separate Treatment, Storage, and 

Disposal Facilities (TSDFs) for hazardous waste. 

Industrial Associations, Industries 

Department, UPPCB 
2 years 

Industrial waste burning should be stopped 

immediately 
Industrial Associations, UPPCB Immediate 

Following best practices to minimize fugitive emissions 

within the industry premises, all leakages within the 

industry should be controlled 

Industrial Associations, UPPCB Immediate 
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Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Area and road in front of the industry should be the 

responsibility of the industry 
Industrial Associations, UPPCB 

Category A Industries     

About 153 industrial units with boilers and furnaces in 

Firozabad are running by using LPG and natural gases. 

However, some industries might use Coal, Briquettes, 

Rise Husk, Wood, HSD, Furnace Oil, Waste, Firewood 

and other dirty solid fuels which must be shifted to 

natural gas and electricity. A regular surveillance 

should be done frequently to identify illegal operations.  

Department of Food, Civil Supplies and 

Consumer Affairs and Oil Companies (Indian 

Oil/HP, etc.), Industrial Associations, UPPCB 

2 years 

Multi-cyclones should be replaced by baghouses. 

Ensure installation and operation of air pollution 

control devices in industries. 

Industrial Associations, UPPCB 2 years 

Diesel Generator Sets    

Strengthening of grid power supply, uninterrupted 

power supply to the industries. 
State Energy Department, UPEBL 2 years 

Renewable energy should be used to cater to the need 

of office requirements in the absence of power failure 

to stop the use of DG Set. 

Industrial Associations 2 years 

Efficient recovery system for solvents in chemical 

industries: The technologies suggest 95% recovery of 

VOCs is feasible and same may be adopted 

Industrial Associations, UPPCB 1 year 
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Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Decongestion of 

Roads in high 

traffic areas 

Strict action on roadside encroachment. Disciplined 

movement of tempos to stop only at designated spots. 

Action on driving in the wrong lane. 

MCF, RTOs Firozabad, Traffic Police, 

Firozabad  

1 year  

Disciplined Public transport (designate one lane stop). RTOs Firozabad, Traffic Police, Firozabad  

Removal of the free parking zone. No parking within 

50 m of any major crossing and or chaurahas, rotaries. 

Strictly follow Indian Road Congress guidelines.  

MCF, RTOs Firozabad, Traffic Police, 

Firozabad  

Examine the existing framework for removing broken 

vehicles from roads and create a system for speedy 

removal and ensure minimal disruption to traffic. 

RTOs Firozabad, NHAI, Traffic Police, 

Firozabad  

Synchronize traffic movements or introduce intelligent 

traffic systems for lane-driving. 

RTOs Firozabad, NHAI, Traffic Police, 

Firozabad  

Mechanized multi-story parking at bus stands, and big 

commercial areas. Remove at least 50 percent of on-

street parking in the city. 

RTOs Firozabad, MCF, NHAI, Traffic 

Police, Firozabad  

Identify traffic bottleneck intersections and develop a 

smooth traffic plan. For example, Karku Kothi Tiraha, 

Jain Temple Tiraha, Shanti Road Chauraha  and New 

Bypass Chauraha are the main bottlenecks for traffic. 

RTOs Firozabad, MCF, Traffic Police, 

Firozabad  

Parking policy in congested areas (high parking cost, at 

city centers, only parking is limited for physically 

challenged people, etc). 

RTOs Firozabad, MCF, NHAI, Traffic 

Police, Firozabad  

 The important points of congestion are Jain Temple 

Tiraha and New Bypass Chauraha. Parking on these 
RTOs Firozabad, Traffic Police 2 years 
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Source Control Action Responsible authorities 

Time Frame 

(within a 

specified time) 

Roads, should be strictly prohibited. 

*The above steps should not only be implemented in Firozabad Municipal corporation Firozabad rather these should be extended up to 20 km 

from the city boundary.  
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Annexure 1 

Table showing the Emission Factors (EF) used while estimating emissions (Source: CPCB 

2011). 

Source 

Units of 

Emission 

factor 

PM10 PM2.5 SO2 NOx CO 

Domestic 

Wood g/kg 5.04 4.54 0.48 1.4 31 

Crop 

residue 
g/kg 11 9.90 0.12 0.49 58 

Dung g/kg 5.04 4.54 0.48 1.4 31 

Coal g/kg 20 18 13.3 3.99 24.92 

Kerosene g/lit 0.61 0.55 4 2.5 62 

LPG 
g/lit and 

kg/106 M3 
2.1 1.89 0.4 1.8 0.25 

DG Set g/kwh 0.0266 0.024 0.0248 0.376 0.0812 

MSW Burning g/kg 8 5.44 0.5 3 42 

Brick Kiln 
wood g/kg 15.3 13.7 0.2 1.4 115.4 

coal g/kg 10.15 7.10 13.3 3.99 24.92 

Industrial 

LDO g/lit 2.37 2.13 18.84S 6.6 0.6 

HSD g/lit 1.49 1.34 18.84S 6.6 0.6 

Rice Husk g/kg 11 9.9 0.12 0.49 58 

Wood g/kg 17.3 15.57 0.2 1.3 126.3 

Natural 

gas 

kg/(10)6 m3 

(SCM) 
121.6 109.4 9.6 2240 1344 

Coal g/kg 10.15 9.14 19S 11 0.25 

Diesel g/lit 0.0266 0.024 0.0248 0.376 0.0812 

Vehicle 

2 

wheelers 
g/vkt 0.035 0.03 0 0.29 2.12 

3 

wheelers 
g/vkt 0.27 0.24 * 0.5 0.54 

4 

wheelers 
g/vkt 0.06 0.05 * 0.25 1 

LCV g/vkt 0.64 0.58 * 3.1 1.86 

Bus g/vkt 1.24 0.74 * 9.46 8.4 

Truck g/vkt 1.24 0.74 * 9.46 8.4 

Construction kg/d/m2 0.0021 0.0005 - - - 

* Average kilometre run per litre of diesel is taken as: 10 km (for 3W); 15km (for 4W); 7 km 

(for LCV and 5 km (for Buses/Trucks). Sulfur content in diesel is taken as =500 ppm (wt/wt). 
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Gridded Emissions for Firozabad city is represented below. 

Grid ID PM10 PM2.5 SO2 NOx CO 

G1 0.00 0.00 0.00 0.00 0.00 

G2 0.00 0.00 0.00 0.00 0.00 

G3 0.00 0.00 0.00 0.00 0.00 

G4 0.00 0.00 0.00 0.00 0.00 

G5 0.00 0.00 0.00 0.00 0.00 

G6 0.00 0.00 0.00 0.00 0.00 

G7 48.65 16.26 0.96 27.88 58.49 

G8 2.49 1.86 0.45 1.38 10.80 

G9 0.21 0.16 0.04 0.12 0.90 

G10 0.00 0.00 0.00 0.00 0.00 

G11 0.00 0.00 0.00 0.00 0.00 

G12 0.00 0.00 0.00 0.00 0.00 

G13 0.00 0.00 0.00 0.00 0.00 

G14 0.00 0.00 0.00 0.00 0.00 

G15 0.00 0.00 0.00 0.00 0.00 

G16 0.00 0.00 0.00 0.00 0.00 

G17 0.00 0.00 0.00 0.00 0.00 

G18 0.00 0.00 0.00 0.00 0.00 

G19 0.00 0.00 0.00 0.00 0.00 

G20 0.00 0.00 0.00 0.00 0.00 

G21 0.00 0.00 0.00 0.00 0.00 

G22 0.66 0.49 0.12 0.37 2.86 

G23 39.58 14.50 1.28 22.19 57.16 

G24 75.40 24.49 1.21 42.37 85.18 

G25 49.02 16.23 0.91 27.63 57.81 

G26 17.44 5.28 0.13 9.84 16.79 

G27 0.00 0.00 0.00 0.00 0.00 

G28 1.35 0.38 0.01 0.73 0.75 

G29 0.22 0.16 0.04 0.12 0.95 

G30 0.00 0.00 0.00 0.00 0.00 

G31 0.00 0.00 0.00 0.00 0.00 

G32 0.00 0.00 0.00 0.00 0.00 

G33 0.00 0.00 0.00 0.00 0.00 

G34 0.00 0.00 0.00 0.00 0.00 

G35 0.00 0.00 0.00 0.00 0.00 

G36 0.00 0.00 0.00 0.00 0.00 

G37 0.19 0.14 0.03 0.10 0.81 

G38 1.92 1.33 0.31 0.94 7.40 
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Grid ID PM10 PM2.5 SO2 NOx CO 

G39 5.62 4.21 1.02 3.12 24.43 

G40 95.40 47.44 54.48 46.69 171.54 

G41 88.42 62.34 107.61 35.66 232.68 

G42 1.11 0.83 0.20 0.61 4.81 

G43 1.40 0.78 0.16 0.49 3.87 

G44 180.78 48.43 1.13 44.50 84.79 

G45 482.90 136.13 1.74 217.71 397.04 

G46 45.67 16.14 4.87 33.15 67.96 

G47 4.51 3.16 0.74 2.28 17.78 

G48 0.00 0.00 0.00 0.00 0.00 

G49 0.00 0.00 0.00 0.00 0.00 

G50 0.00 0.00 0.00 0.00 0.00 

G51 0.00 0.00 0.00 0.00 0.00 

G52 0.34 0.26 0.06 0.19 1.49 

G53 4.97 3.72 0.90 2.76 21.61 

G54 0.17 0.13 0.03 0.09 0.73 

G55 6.77 5.07 1.23 3.75 29.40 

G56 59.01 21.80 2.57 34.25 84.96 

G57 8.66 6.43 1.55 4.80 37.21 

G58 14.83 7.60 1.42 5.87 35.81 

G59 207.39 58.58 18.08 94.72 124.33 

G60 124.10 38.57 1.76 55.91 127.04 

G61 96.38 31.09 1.75 53.48 107.17 

G62 72.59 23.48 2.13 35.30 74.96 

G63 9.80 5.15 1.01 3.09 24.23 

G64 0.36 0.11 0.01 0.03 0.24 

G65 0.00 0.00 0.00 0.00 0.00 

G66 0.00 0.00 0.00 0.00 0.00 

G67 0.16 0.12 0.03 0.09 0.71 

G68 1.78 1.33 0.32 0.98 7.72 

G69 6.87 5.14 1.25 3.81 29.82 

G70 7.45 5.70 5.01 12.83 35.65 

G71 13.06 8.59 4.08 5.18 45.43 

G72 70.42 23.11 1.77 25.75 69.52 

G73 387.13 104.81 4.22 114.31 189.42 

G74 204.81 56.40 1.76 53.97 99.97 

G75 182.72 52.22 2.56 57.97 108.92 

G76 48.63 19.35 4.93 26.32 76.82 

G77 8.41 5.88 1.38 4.39 33.16 

G78 138.42 41.49 4.00 85.03 130.33 

G79 0.57 0.13 0.00 0.00 0.00 

G80 0.00 0.00 0.00 0.00 0.00 

G81 0.00 0.00 0.00 0.00 0.00 
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Grid ID PM10 PM2.5 SO2 NOx CO 

G82 0.00 0.00 0.00 0.00 0.00 

G83 0.56 0.42 0.10 0.31 2.42 

G84 2.70 2.02 0.49 1.50 11.72 

G85 8.61 6.45 1.56 4.77 37.40 

G86 9.51 7.29 6.76 17.25 45.83 

G87 39.92 29.01 165.87 397.69 263.36 

G88 223.41 62.79 15.18 95.15 133.84 

G89 224.17 64.01 1.79 90.64 141.77 

G90 181.29 56.12 16.67 74.87 148.53 

G91 205.94 57.15 2.52 56.04 102.66 

G92 426.93 116.07 37.23 191.27 214.69 

G93 17.77 9.73 2.53 8.47 46.13 

G94 541.86 142.17 9.05 184.83 238.75 

G95 0.42 0.31 0.08 0.23 1.81 

G96 0.00 0.00 0.00 0.00 0.00 

G97 0.00 0.00 0.00 0.00 0.00 

G98 0.17 0.13 0.03 0.09 0.73 

G99 1.48 1.11 0.27 0.82 6.44 

G100 3.20 2.40 0.58 1.77 13.91 

G101 11.28 8.51 3.29 8.29 45.92 

G102 14.09 9.92 19.48 49.20 67.93 

G103 37.73 17.84 28.90 76.74 100.53 

G104 129.42 47.40 106.24 271.68 225.98 

G105 283.32 85.25 51.70 180.31 217.17 

G106 123.90 37.68 12.88 60.78 94.78 

G107 88.29 31.11 13.15 75.49 120.81 

G108 283.55 76.57 2.57 72.91 122.77 

G109 1097.49 276.55 1.77 263.48 325.15 

G110 193.25 55.26 1.50 87.28 140.85 

G111 5.68 3.67 0.83 2.59 19.76 

G112 0.16 0.12 0.03 0.09 0.71 

G113 1.10 0.75 0.17 0.53 4.13 

G114 42.99 29.78 53.41 16.82 107.13 

G115 35.12 10.42 0.50 11.79 27.14 

G116 28.13 11.51 1.38 15.74 51.94 

G117 32.65 14.24 2.55 19.30 64.99 

G118 113.01 34.08 2.54 36.26 86.51 

G119 98.57 33.58 8.91 49.11 114.84 

G120 158.62 51.40 22.72 130.64 202.81 

G121 154.44 58.01 97.09 271.72 262.61 

G122 158.32 46.62 5.62 56.29 103.10 

G123 52.89 20.84 11.87 35.35 78.96 

G124 48.28 18.96 4.21 25.09 76.09 
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Grid ID PM10 PM2.5 SO2 NOx CO 

G125 397.37 114.37 2.52 193.28 311.25 

G126 9.53 6.33 1.45 4.42 34.65 

G127 1.29 0.85 0.19 0.59 4.61 

G128 0.00 0.00 0.00 0.00 0.00 

G129 2.84 1.45 0.27 1.11 6.84 

G130 4.34 2.20 0.41 1.70 10.34 

G131 120.32 32.67 0.91 31.05 60.33 

G132 7.16 5.59 21.38 49.87 42.12 

G133 12.79 11.61 63.70 153.00 110.54 

G134 134.83 42.48 6.32 65.82 124.30 

G135 14.60 8.98 5.66 16.83 49.36 

G136 8.99 6.73 1.63 4.98 39.07 

G137 338.21 92.61 8.31 94.67 154.13 

G138 53.36 19.14 1.78 25.96 66.84 

G139 884.17 224.52 3.26 215.94 264.95 

G140 232.88 66.57 1.52 113.58 168.72 

G141 30.43 12.98 7.12 29.92 60.58 

G142 37.37 13.25 1.06 19.99 49.00 

G143 0.00 0.00 0.00 0.00 0.00 

G144 0.00 0.00 0.00 0.00 0.00 

G145 0.75 0.56 0.14 0.42 3.27 

G146 2.73 2.04 0.50 1.51 11.85 

G147 5.63 1.78 0.14 1.50 4.71 

G148 212.96 62.87 104.99 297.35 203.08 

G149 161.10 62.74 176.73 477.22 354.80 

G150 16.29 9.87 18.39 46.30 62.21 

G151 15.30 10.50 11.05 21.57 58.95 

G152 8.90 6.66 1.62 4.97 38.64 

G153 612.77 158.67 2.58 156.11 204.28 

G154 188.57 51.82 2.84 53.62 85.55 

G155 342.21 95.74 2.57 155.34 225.47 

G156 19.29 9.48 8.94 24.60 47.62 

G157 1.66 1.04 0.23 0.70 5.48 

G158 0.31 0.14 0.02 0.07 0.56 

G159 0.00 0.00 0.00 0.00 0.00 

G160 0.00 0.00 0.00 0.00 0.00 

G161 0.00 0.00 0.00 0.00 0.00 

G162 0.00 0.00 0.00 0.00 0.00 

G163 42.00 16.08 43.00 122.98 89.94 

G164 202.94 59.20 58.61 202.91 175.48 

G165 4.62 3.53 3.13 8.00 22.10 

G166 12.05 6.30 1.20 4.86 30.30 

G167 12.03 6.14 1.15 4.76 29.02 
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Grid ID PM10 PM2.5 SO2 NOx CO 

G168 12.04 7.53 1.61 6.62 40.63 

G169 185.00 52.43 2.44 61.87 104.00 

G170 552.63 144.54 1.49 180.90 238.83 

G171 174.06 54.15 6.57 95.46 140.34 

G172 4.89 3.66 0.89 2.71 21.25 

G173 0.00 0.00 0.00 0.00 0.00 

G174 0.00 0.00 0.00 0.00 0.00 

G175 0.00 0.00 0.00 0.00 0.00 

G176 0.00 0.00 0.00 0.00 0.00 

G177 0.00 0.00 0.00 0.00 0.00 

G178 0.00 0.00 0.00 0.00 0.00 

G179 18.58 5.16 0.00 10.39 14.00 

G180 0.00 0.00 0.00 0.00 0.00 

G181 0.00 0.00 0.00 0.00 0.00 

G182 0.00 0.00 0.00 0.00 0.00 

G183 2.12 0.91 0.14 0.65 3.68 

G184 489.36 127.17 1.62 127.57 170.33 

G185 137.39 41.70 2.17 77.94 126.00 

G186 59.40 19.64 1.31 32.75 67.26 

G187 109.69 33.93 4.80 39.22 83.60 

G188 4.26 2.36 0.47 1.80 11.68 

G189 0.00 0.00 0.00 0.00 0.00 

G190 0.00 0.00 0.00 0.00 0.00 

G191 0.00 0.00 0.00 0.00 0.00 

G192 0.00 0.00 0.00 0.00 0.00 

G193 0.00 0.00 0.00 0.00 0.00 

G194 0.00 0.00 0.00 0.00 0.00 

G195 0.00 0.00 0.00 0.00 0.00 

G196 0.00 0.00 0.00 0.00 0.00 

G197 0.00 0.00 0.00 0.00 0.00 

G198 0.00 0.00 0.00 0.00 0.00 

G199 0.00 0.00 0.00 0.00 0.00 

G200 816.26 212.16 0.60 290.19 326.31 

G201 27.30 9.07 0.56 15.41 37.65 

G202 7.93 5.10 1.15 3.50 27.43 

G203 24.45 10.55 1.48 12.53 44.98 

G204 1.86 0.69 0.07 1.01 2.53 

G205 0.00 0.00 0.00 0.00 0.00 

G206 0.00 0.00 0.00 0.00 0.00 

G207 0.00 0.00 0.00 0.00 0.00 

G208 0.00 0.00 0.00 0.00 0.00 

G209 0.00 0.00 0.00 0.00 0.00 

G210 0.00 0.00 0.00 0.00 0.00 
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Grid ID PM10 PM2.5 SO2 NOx CO 

G211 0.00 0.00 0.00 0.00 0.00 

G212 0.00 0.00 0.00 0.00 0.00 

G213 0.00 0.00 0.00 0.00 0.00 

G214 0.00 0.00 0.00 0.00 0.00 

G215 0.00 0.00 0.00 0.00 0.00 

G216 0.00 0.00 0.00 0.00 0.00 

G217 0.00 0.00 0.00 0.00 0.00 

G218 0.47 0.35 0.09 0.26 2.05 

G219 5.65 2.53 0.43 1.32 10.31 

G220 2.57 1.93 0.47 1.44 11.17 

G221 0.00 0.00 0.00 0.00 0.00 
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FORM GFR 12 - A
[See Rule 238(1)]

FORM OF UTILIZATION CERTIFICATE

FOR AUTONOMOUS BODIES OF THE GRANTEE ORGANIZATION

Name of the Grantee Organization:Firozabad City

UTILIZATION CERTIFICATE FOR THE PERIOD FROM 2022-04-01 TO 2023-03-31

respect

of recurring/non-recurring

GRANTS-IN-AID/SALARIES/CREATION OF CAPITAL ASSETS

1. Name of the Scheme: National Clean Air Programme (NCAP)
2. Whether recurring or non-recurring grants: Recurring
3. Grants position at the beginning of the financial year, 2022_23

i. Cash in Hand/Bank:20920000
ii. Unadjusted advances:0
iii. Total: 20920000

4. Details of grants received, expenditure incurred and closing balances: (Actuals)

Unspent
Balances
of Grants
received
years
2021-22

Interest
Earned
thereon

Interest
deposited
back to
the Govt

Grant received during the year
2022_23 Total

Available
funds

Expenditure
incurred

Closing
Balances

Sanction No. Date Amount

1 2 3 4 5 6 7

i ii iii

20920000 2216186.00 0

Q-
16017/144/2021-
CPA

2022-
09-30
00:00:00

175000000

211436186 16460255 194975931
Q-
16017/135/2021-
CPA

2023-
03-27
00:00:00

13300000

5. Component wise utilization of grants:

Grant-in-aid-
General 
(Rs. in crores)

Grant-in-aid-
Salary 
(Rs. in crores)

Grant-in-aid-creation of capital
assets
(Rs. incrores)

Total 
(Rs. in
crores)

Grant Received 188300000 0 0 188300000

Carried forward from Prev.
F.Y 23136186 0 0 23136186

Less: Utilised 16460255 0 0 16460255

Balance 194975931 0 0 194975931

Details of grants position at the end of the year
i. Cash in Hand/Bank:194975931
ii. Unadjusted advances:0
iii. Total:194975931

6. Certified that I have satisfied myself that the conditions on which grants were sanctioned have been duly fulfilled/are being
fulfilled and that I have exercised following checks to see that the money has been actually utilized for the purpose for which it
was sanctioned:

i. The main accounts and other subsidiary accounts and registers (including assets registers) are maintained as prescribed
in the relevant Act/Rules/Standing instructions (mention the Act/Rules) and have been duly audited by designated
auditors. The figures depicted above tally with the audited figures mentioned in financial statements/accounts.

ii. There exist internal controls for safeguarding public funds/assets, watching outcomes and achievements of physical
targets against the financial inputs, ensuring quality in asset creation etc. & the periodic evaluation of internal controls is
exercised to ensure their effectiveness.

iii. To the best of our knowledge and belief, no transactions have been entered that are in violation of relevant
Act/Rules/standing instructions and scheme guidelines.

iv. The responsibilities among the key functionaries for execution of the scheme have been assigned in clear terms and are
not general in nature.

v. The benefits were extended to the intended beneficiaries and only such areas/districts were covered where the scheme
was intended to operate.
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vi. The expenditure on various components of the scheme was in the proportions authorized as per the scheme guidelines
and terms and conditions of the grants-in-aid.

vii. It has been ensured that the physical and financial performance under National Clean Air Programme (NCAP) has been
according to the requirements, as prescribed in the guidelines issued by Govt. of India and the performance/targets
achieved statement for the year to which the utilization of the fund resulted in outcomes given at Annexure - I duly
enclosed.

viii. The utilization of the fund resulted in outcomes given at Annexure - II duly enclosed (to be formulated by the Ministry/
Department concerned as per their requirements/ specifiCations.)

ix. Details of various schemes executed by the agency through grants-in-aid received from the same Ministry or from other
Ministries is enclosed at Annexure - I (to be formulated by the Ministry/Department concerned as per their requirements/
specifications).

Name :Tarkeshwer Pandey
Designation :Executive Engineer
Date :07-Feb-2024
Place :Firozabad
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FORM GFR 12 - A
[See Rule 238(1)]

FORM OF UTILIZATION CERTIFICATE

FOR AUTONOMOUS BODIES OF THE GRANTEE ORGANIZATION

Name of the Grantee Organization:Firozabad City

UTILIZATION CERTIFICATE FOR THE PERIOD FROM 2023-04-01 TO 2024-03-31

respect

of recurring/non-recurring

GRANTS-IN-AID/SALARIES/CREATION OF CAPITAL ASSETS

1. Name of the Scheme: National Clean Air Programme (NCAP)
2. Whether recurring or non-recurring grants: Recurring
3. Grants position at the beginning of the financial year, 2023_24

i. Cash in Hand/Bank:194960355
ii. Unadjusted advances:0
iii. Total: 194960355

4. Details of grants received, expenditure incurred and closing balances: (Actuals)

Unspent
Balances
of Grants
received
years
2022-23

Interest
Earned
thereon

Interest
deposited
back to the
Govt

Grant received during the year 2023_24

Total
Available
funds

Expenditure
incurred

Closing
BalancesSanction No. Date Amount

1 2 3 4 5 6 7

i ii iii

194960355 7832716.00 2216186.00
CPW-
G027(17)/2/2023-
CP

2023-
09-18
00:00:00

268500000 469076885 213505471 255571414

5. Component wise utilization of grants:

Grant-in-aid-
General 
(Rs. in crores)

Grant-in-aid-
Salary 
(Rs. in crores)

Grant-in-aid-creation of capital
assets
(Rs. incrores)

Total 
(Rs. in
crores)

Grant Received 268500000 0 0 268500000

Carried forward from Prev.
F.Y 194960355 0 0 194960355

Less: Utilised 213505471 0 0 213505471

Balance 249954884 0 0 249954884

Details of grants position at the end of the year
i. Cash in Hand/Bank:255571414
ii. Unadjusted advances:0
iii. Total:255571414

6. Certified that I have satisfied myself that the conditions on which grants were sanctioned have been duly fulfilled/are being
fulfilled and that I have exercised following checks to see that the money has been actually utilized for the purpose for which it
was sanctioned:

i. The main accounts and other subsidiary accounts and registers (including assets registers) are maintained as prescribed in
the relevant Act/Rules/Standing instructions (mention the Act/Rules) and have been duly audited by designated auditors.
The figures depicted above tally with the audited figures mentioned in financial statements/accounts.

ii. There exist internal controls for safeguarding public funds/assets, watching outcomes and achievements of physical targets
against the financial inputs, ensuring quality in asset creation etc. & the periodic evaluation of internal controls is exercised
to ensure their effectiveness.

iii. To the best of our knowledge and belief, no transactions have been entered that are in violation of relevant
Act/Rules/standing instructions and scheme guidelines.

iv. The responsibilities among the key functionaries for execution of the scheme have been assigned in clear terms and are
not general in nature.

v. The benefits were extended to the intended beneficiaries and only such areas/districts were covered where the scheme
was intended to operate.

vi. The expenditure on various components of the scheme was in the proportions authorized as per the scheme guidelines and
terms and conditions of the grants-in-aid.

vii. It has been ensured that the physical and financial performance under National Clean Air Programme (NCAP) has been
according to the requirements, as prescribed in the guidelines issued by Govt. of India and the performance/targets
achieved statement for the year to which the utilization of the fund resulted in outcomes given at Annexure - I duly

Signed by Firozabad
Date: 2025.10.06 17:00:21
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enclosed.
viii. The utilization of the fund resulted in outcomes given at Annexure - II duly enclosed (to be formulated by the Ministry/

Department concerned as per their requirements/ specifiCations.)
ix. Details of various schemes executed by the agency through grants-in-aid received from the same Ministry or from other

Ministries is enclosed at Annexure - I (to be formulated by the Ministry/Department concerned as per their requirements/
specifications).

Name :Ashish Shukla
Designation :Executive Engineer
Date :06-Oct-2025
Place :Firozabad

Signed by Firozabad
Date: 2025.10.06 17:00:21
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FORM GFR 12 - A
[See Rule 238(1)]

FORM OF UTILIZATION CERTIFICATE

FOR AUTONOMOUS BODIES OF THE GRANTEE ORGANIZATION

Name of the Grantee Organization:Firozabad City

UTILIZATION CERTIFICATE FOR THE PERIOD FROM 2024-04-01 TO 2025-03-31

respect

of recurring/non-recurring

GRANTS-IN-AID/SALARIES/CREATION OF CAPITAL ASSETS

1. Name of the Scheme: National Clean Air Programme (NCAP)
2. Whether recurring or non-recurring grants: Recurring
3. Grants position at the beginning of the financial year, 2024_25

i. Cash in Hand/Bank:255571414
ii. Unadjusted advances:0
iii. Total: 255571414

4. Details of grants received, expenditure incurred and closing balances: (Actuals)

Unspent
Balances
of Grants
received
years
2023-24

Interest
Earned
thereon

Interest
deposited
back to the
Govt

Grant received during the year
2024_25 Total

Available
funds

Expenditure
incurred

Closing
BalancesSanction

No. Date Amount

1 2 3 4 5 6 7

i ii iii

255571414 4779042.00 7832716.00 NA 00:00:0000 0 252517740 231456323 21061417

5. Component wise utilization of grants:

Grant-in-aid-
General 
(Rs. in crores)

Grant-in-aid-
Salary 
(Rs. in crores)

Grant-in-aid-creation of capital
assets
(Rs. incrores)

Total 
(Rs. in
crores)

Grant Received 0 0 0 0

Carried forward from
Prev. F.Y 255571414 0 0 255571414

Less: Utilised 231456323 0 0 231456323

Balance 24115091 0 0 24115091

Details of grants position at the end of the year
i. Cash in Hand/Bank:21061417
ii. Unadjusted advances:0
iii. Total:21061417

6. Certified that I have satisfied myself that the conditions on which grants were sanctioned have been duly fulfilled/are
being fulfilled and that I have exercised following checks to see that the money has been actually utilized for the
purpose for which it was sanctioned:

i. The main accounts and other subsidiary accounts and registers (including assets registers) are maintained as
prescribed in the relevant Act/Rules/Standing instructions (mention the Act/Rules) and have been duly audited by
designated auditors. The figures depicted above tally with the audited figures mentioned in financial
statements/accounts.

ii. There exist internal controls for safeguarding public funds/assets, watching outcomes and achievements of
physical targets against the financial inputs, ensuring quality in asset creation etc. & the periodic evaluation of
internal controls is exercised to ensure their effectiveness.

iii. To the best of our knowledge and belief, no transactions have been entered that are in violation of relevant
Act/Rules/standing instructions and scheme guidelines.

iv. The responsibilities among the key functionaries for execution of the scheme have been assigned in clear terms
and are not general in nature.

v. The benefits were extended to the intended beneficiaries and only such areas/districts were covered where the
scheme was intended to operate.

vi. The expenditure on various components of the scheme was in the proportions authorized as per the scheme
Signed by Firozabad
Date: 2025.10.06 17:02:09
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guidelines and terms and conditions of the grants-in-aid.
vii. It has been ensured that the physical and financial performance under National Clean Air Programme (NCAP) has

been according to the requirements, as prescribed in the guidelines issued by Govt. of India and the
performance/targets achieved statement for the year to which the utilization of the fund resulted in outcomes
given at Annexure - I duly enclosed.

viii. The utilization of the fund resulted in outcomes given at Annexure - II duly enclosed (to be formulated by the
Ministry/ Department concerned as per their requirements/ specifiCations.)

ix. Details of various schemes executed by the agency through grants-in-aid received from the same Ministry or from
other Ministries is enclosed at Annexure - I (to be formulated by the Ministry/Department concerned as per their
requirements/ specifications).

Name :Manish Kumar
Designation :Chief Engineer
Date :06-Oct-2025
Place :Firozabad

Signed by Firozabad
Date: 2025.10.06 17:02:09
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1 18
Nkjckx okYehd okfVdk esa fe;kokdh i)fr ls
o{̀kkjksi.k dk dk;ZA

2619854.00 2484931.52 03.12.2023 eS0 xk;=h 
,.VjizkbZtst

I/F 2251347.00 2251347.00 dk;Z iw.kZ

2 19
dUgS;k uxj esa 'ksYVj gkse ds ihNs fe;kokdh
i)fr ls o{̀kkjksi.k dk dk;ZA

550855.00 523312.25 11.11.2023 eS0 egkohj 
VsªMlZ

I/F 341711.00 307540.00 dk;Z iw.kZ

3 19

okMZ ua0 19 lUr uxj QqyokMh esa egs'k vkVk
pDdh ls Qrsgkckn jksM+ rd lh0lh0 }kjk lM+d
lq/kkj] lkbM iVjh ij dyMZ fLVªi ds lkFk
b0yk0] ukyh ejEer rFkk lkbM iVjh ij
o{̀kkjksi.k ,oa VªhxkMZ yxkus dk dk;ZA 

8726715.00 8334012.82 26.08.2023 eS0 ih,lvkj 
bUQzksVsd

II/F 8326427.00 7491835.00 dk;Z iw.kZ

4 19

okMZ ua0 19 iSes'oj xsV lkabZa efUnj ls Qrsgkckn
jksM+ rd lkbM iVjh ij dyMZ fLVªi ds lkFk
b0yk0 yxkus rFkk o{̀kkjksi.k ,oa VªhxkMZ yxkus
dk dk;ZA 

7683659.00 7346346.37 26.08.2023 eS0 jkefd'kksj 
jkBh dkWUVsªDVj

III/F 7652261.00 7652261.00 dk;Z iw.kZ

5 41

okMZ ua0 41 dksVyk pqaxh ls ikjlukFk ekdsZV ds
ikl ikdZ rd dyMZ fLVªi ds lkFk b0yk0 }kjk
lkbM iVjh dk lq/kkj rFkk VªhxkMZ ds lkFk
o{̀kkjksi.k dk dk;ZA

805538.00 764455.56 11.10.2023 eS0 lqHkk"k pUnz 
jkBkSj

II/F 761941.00 761941.00 dk;Z iw.kZ

6 44

okMZ ua0 44 lqgkx uxj esa iqfyl lgk;rk dsUnz
ls dYiuk vkbZ0Vh0vkbZ0 rd nksuksa lkbM iVjh
ij dyMZ fLVªi ds lkFk b0yk0 ukyk ejEer rFkk
lkbM iVjh ij o{̀kkjksi.k ,oa VªhxkMZ yukus dk
dk;ZA

10617840.00 10086948.00 26.08.2023 eS0 f'k'kkar 
vxzoky

II/F 10258187.00 5258187.00 dk;Z iw.kZ

7 04, 44

okMZ ua0 &04 o 44 lqgkx uxj esa fgek;waiqj
pkSjkgs ls eksgu LohV gkml rd lkbM iVjh ij
dyMZ fLVªi ds lkFk b0yk0 ukyh ejEer rFkk
o{̀kkjksi.k ,oa VªhxkMZ yxkus dk dk;ZA

2286428.00 1983476.29 26.07.2023 eS0 vfHk"ksd 
dkWUVsªDVj

III/F 
M

2155355.00 2155355.00 dk;Z iw.kZ

vkx.ku /kukad fufonk Lohd`r 
/kukad

dk;Z iw.kZ 
frfFk

Bsdsnkj@Q
eZ dk uke

uxj fuxe fQjkstkckn

foRrh; o"kZ 2022&23 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
dqy 'kq} Hkqxrkufcy 

dh 
fLFkfr

vfH;qfDrdqy fcy /kukadØ-l- ckMZ 
ua0 

  dk;Z dk uke
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8 1

uxyk cjh pkSjkgs ls cEckckbZ ikl lSybZ iqfy;k
rd lkB QqVk jksM ij {kfrxzLr@dPph nksuksa
lkbM iVjh ij dyMZ b0yk0 VkbZYl yxkus o
VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA

12279660.00 11395524.48 03.11.2023 eS0 egs'k pUnz III/F 11374417.00 11374417.00 dk;Z iw.kZ

9 20

lqjs'k uxj Vadh ifjlj esa fe;kokdh i)fr ls
o{̀kkjksi.k dk dk;ZA

1012384.00 960752.42 03.10.2023 eS0 egkohj 
VsªMlZ

II/F 883337.00 883337.00 dk;Z iw.kZ

10 20

vkljk vkokl ;kstuk vklQkckn ds ifjlj esa
fe;kokdh i)fr ls o{̀kkjksi.k dk dk;ZA

730638.00 694106.10 11.11.2023 eS0 egkohj 
VsªMlZ

II/F 631496.00 631496.00 dk;Z iw.kZ

11 35

izkFkfed fo|ky; uxyk HkkÅ ifjlj esa fe;kokdh
i)fr ls o{̀kkjksi.k dk dk;ZA 

821688.00 775673.47 03.10.2023 eS0 egkohj 
VsªMlZ

II/F 654462.00 654462.00 dk;Z iw.kZ

12 35

okMZ ua0 35 esa rglhy eksM+ ¼d̀iky flag ds
edku½ ls eqdqV flag ds edku rd {kfrxzLr
lM+d ij gkWVfeDl }kjk lM+d fuekZ.k ,oa lkbM
iVjh ij dyMZ b0yk0 VkbZYl yxkus o VªhxkMZ
ds lkFk o{̀kkjksi.k dk dk;ZA

2425908.00 2304612.60 26.07.2023 eS0 xk;=h 
,.VjizkbZtst

II/F 2303595.00 2303595.00 dk;Z iw.kZ

13 35

okMZ ua0 35 esa Vksuh ckcw dh ckm.Mªh ls ehjk
pkSjkgk eksM+ ¼ekW larks"kh VsªMlZ½ rd gkWVfeDl }kjk
lM+d pkSM+hdj.k] dPph lkbM iVjh ij dyMZ
b0yk0 VkbZYl yxkus o VªhxkMZ ds lkFk o{̀kkjksi.k
dk dk;ZA

17650715.00 16935861.04 26.08.2023 eS0 LokfLrd 
MoyilZ ,.M 

dEiuh

III/F 16858805.00 16858805.00 dk;Z iw.kZ

14
13, 
35, 
38

okMZ ua0 12] 35 o 38 dh lkbM uxyk HkkÅ
lfoZl jksM ls >hy dh iqfy;k rd jguk ukyk
iVjh ij {kfrxzLr lM+d ij gkWVfeDl }kjk lM+d
lq/kkj] dPps Hkkx esa dyMZ b0yk0 VkbZYl yxkus
o VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA

16570390.00 15741870.50 26.08.2023 eS0 egs'k pUnz III/F 15514536.00 15514536.00 dk;Z iw.kZ

15 35 20

>hy dh iqfy;k ls d"̀.kk uxj iqfy;k gksrs gq,
ddjÅ dksBh pkSjkgs rd tyslj jksM dh nksukas
lkbM iVjh ij dyMZ b0yk0 VkbZYl yxkus]
fMokMj ejEer o VªhxkMZ ds lkFk o{̀kkjksi.k dk
dk;ZA 

14365495.00 13647220.00 11.09.2023 eS0 xk;=h 
,.VjizkbZtst

III/F 13383432.00 13383432.00 dk;Z iw.kZ
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16 35,38

okMZ ua0 35 o 38 esa jguk ukyk ls egd tujy
LVksj gksrs gq, egkdky xkMZu ds ikl rd
gkWVfeDl }kjk lM+d pkSM+hdj.k] dPph lkbM
iVjh ij dyMZ b0yk0 VkbZYl yxkus o VªhxkMZ
ds lkFk o{̀kkjksi.k dk dk;ZA

16907095.00 16061740.25 25.08.2023 eS0 lq/khj 
dqekj tSu 
dkWUVsªDVj

III/F
R P

16095687.00 16095687.00 dk;Z iw.kZ

17 13

okMZ ua0 13 foHko uxj xsV ls Vadh okys ver̀
ikdZ rd lM+d ds nksuksa vksj lkbM iVjh ij
ukyh ejEer o dyMZ b0yk0 VkbZYl yxkus o
VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA

1955628.00 1884247.57 26.09.2023 eS0 vkj vkj 
dkWUVsªDVlZ 

II/F 1869786.00 1869786.00 dk;Z iw.kZ

18
17, 
10

okMZ ua0 17 o 10 esa yksd ekrk vfgY;kckbZ
gksYdj dh izfrek ls n[ky gksrs gq, cEck ckbZikl
jksM rd dksVyk jksM dh nksuksa dPph lkbM iVjh
ij dyMZ b0yk0 VkbZYl yxkus o VªhxkMZ ds lkFk
o{̀kkjksi.k dk dk;ZA

3260515.00 2927942.47 03.10.2023 eS0 egs'k pUnz II/F 2919977.00 2919977.00 dk;Z iw.kZ

19 11, 33

okMZ ua0 11 o 33 dh lkbM dSIVu nsos'k dqyJsB
}kj ls >hy dh iqfy;k rd ukyk iVjh ij
{kfrxzLr lM+d ij gkWVfeDl }kjk lM+d lq/kkj]
dPps Hkkx esa dyMZ b0yk0 VkbZYl yxkus o
VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA

12446268.00 11823954.60 26.08.2023 eS0 xk;=h 
,.VjizkbZtst

III/F 11704178.00 8880741.00 dk;Z iw.kZ 
2572 foFk 
gsYM jksdh 

x;h

20 01, 62

okMZ ua0 01 o 62 esa cEck ckbZikl lkWrh jksM
iqfy;k ls izrki uxj o vEcs uxj rd lkWrh jksM
dh nksuksa {kfrxzLr@dPph lkbM iVjh ij dyMZ
b0yk0 VkbZYl yxkus o VªhxkMZ ds lkFk o{̀kkjksi.k
dk dk;ZA

9995740.00 9590912.53 26.08.2023 eS0 LokfLrd 
MoyilZ ,.M 

dEiuh

II/F 9333420.00 9333154.00 dk;Z iw.kZ 
266 foFk 
gsYM jksdh 

x;h

21
9,10,

13

¶ykbZ vksoj ds uhps Pkkj Cykdksa esa b0yk0 VkbZYl
yxkus o VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA

3482721.00 3320774.47 26.07.2023 eS0 vkj vkj 
dkWUVsªDVlZ 

II/F
A

3080881.00 3080881.00 dk;Z iw.kZ 
4426 foFk 
gsYM jksdh 

x;h

22 35

okMZ ua0 35 uxyk HkkÅ esa lfoZLk jksM ls Qk;j
fczxssM rd jksM+ dh dPph lkbV iVjh ij dyMZ
b0yk0 yxkus o VªhxkMZ ds lkFk o{̀kkjksi.k dk
dk;ZA

1182643.00 1006665.72 31.07.2023 eS0 flag xqzi I/R 803623.00 723261.00 dk;Z iw.kZ 
vfUre fcy 
ugh cuk gSA
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23 45

okMZ ua0 45 nrkSth dyk esa jk/ks jk/ks ds edku ls
lkscju flag ds edku rd lkbM iVjh ij dyMZ
fLVªi ds lkFk b0yk0 yxkus rFkk lkbM iVjh ij
o{̀kkjksi.k ,ao VªhxkMZ yxkus dk dk;ZA 

1324523.00 1192468.06 06.08.2023 eS0 flag xqzi I/R 795804.00 716224.00  dk;Z iw.kZ 
vfUre fcy 
ugh cuk gSA

dqy ;ksx& 149702900.00 141787809.09 139954665.00 131102257.00
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1 0 fQjkstkckn uxj fuxe lhekUrZxr eq[; ekxksZa
,oa pkSjkgks ij vkj0lh0lh xeys vkiwfrZ ,oa
ikS/kkjksi.k o ,d o"kZ vuqj{k.k dk dk;ZA

4067680.00 3863889.23 24.03.2024 egkohj VsªMlZ 0.00 0.00  dk;Z iw.kZ xeys 
lHkh VwV x;s gS 
dksbZ Hkh Hkqxrku 
ugh fd;k x;k 

gSA

2 18 okMZ ua0 18 ve`r uxj fd'kksjh yky ls leZu
rd ,oa usdjke ls Jhfd'ku rd vkj0lh0lh0
ukyh ,oa lh0lh0 }kjk lM+d fuekZ.k dk;ZA

2542829.00 2415687.55 14.03.2024 xq:dìk 
dULVªD'ku

II/F
M

2414380.00 2414380.00 dk;Z iw.kZ

3 18 okMZ ua0 18 ekS0 eksgu uxj esa ch0,0,l0
Ldwy ds cxy okyh xyh o fyad dPph
xfy;ksa esa vkj0lh0lh0 ukyh ,oa lh0lh0 }kjk
lM+d fuekZ.k dk;ZA

5456097.00 5183292.15 15.03.2024 vkj0vkj0 
dkWUVsªDVlZ

I/F
M

5161695.00 5161695.00 dk;Z iw.kZ

4 18 okMZ ua0 18 ve`r uxj cUVh ls Qrsgkckn jksM
rd vkj0lh0lh0 ukyh ,oa lh0lh0 }kjk lM+d
fuekZ.k dk;ZA

3940333.00 3743316.35 20.03.2024 vkj0vkj0 
dkWUVsªDVlZ

II/F
M

3448050.00 3448050.00 dk;Z iw.kZ

5 18 okMZ ua0 18 ve`r uxj jke 'kadj ls eqds'k
rd vkj0lh0lh0 ukyh ,oa lh0lh0 }kjk lM+d
fuekZ.k dk;ZA

933114.00 886458.30 07.03.2024 fot; flag I/F 694314.00 694314.00 dk;Z iw.kZ

6 18 okMZ u0& 18 ve`r uxj es lkejs ls xhre
flag] y[keh pUæ ls nqxsZ'k] t;çdk'k ls
—".kdkUr] lkSjHk ls Iy‚V] xhre flag ls
jkeohj ,oa vU; dPph fyad xfy;ksa es ukyh
fuekZ.k ,oa lh0 lh0 }kjk lM+d fuekZ.k dk;ZA   

7383437.00 7014265.15 28.03.2024 jkefd'kksj 
jkBh 

dkWUVsªDVj

III/F 7254939.00 7254939.00 dk;Z iw.kZ

dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad8517



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

7 18 okMZ ua0&18 izseiqjk jSiqjk ,l0ih0,l0 ls
Qrsgkckn jksM rd ukyk ejEer] iSjkfiaV okWy
,oa lh0lh0 }kjk lM+d fuekZ.k dk;ZA

2756799.00 2618959.05 07.03.2024 Jh ckykth 
dULVªD'ku 

,.M 
lIyk;lZ

I/F 2584936.00 2584936.00 dk;Z iw.kZ

8 19 okMZ ua0 19 f'ko uxj esa j?kqohj c?ksy ls
efUnj o vej flag Bkdqj gksrs gq, ljdkjh
V~;wcSy rd ukyh ,oa lh0lh0 }kjk lM+d
fuekZ.k dk;ZA

2035373.00 1933604.35 01.03.2024 vfHk"ksd 
dkWUVsªDVj

I/F 1931115.00 1931115.00 dk;Z iw.kZ

9 19 okMZ u0& 19 QqyokM+h es jktkjke ;kno ds
edku ls lUr uxj vEcsMdj frjkgk rd lh0
lh0 }kjk lM+d lq/kkj] dyMZ b0yk0 }kjk
lkbM iVjh ,oa Vªh xkMZ ds lkFk o{̀kkjksi.k
dk;ZA

8283952.00 7865612.42 15.03.2024 xk;=h b.Vj 
izkbZtst

III/F 7828792.00 7828792.00 dk;Z iw.kZ

10 19 okMZ u0& 19 lUr uxj ds dUgS;k uxj es
f'kopj.k ls ryS;k rd lh0 lh0 lM+d ,oa
nksuksa lkbM iVjh ij dyMZ fLVªi ds lkFk b0
yk0 o vkj0 lh0 lh0 ukyh fuekZ.k rFkk lkbM
iVjh ij VªhxkMZ ds lkFk o`{kkjksi.k dk dk;ZA

9021268.00 8570204.60 15.03.2024 lq/khj dqekj 
tSu 

dkWUVsªDVj

II/F 8523630.00 8523630.00 dk;Z iw.kZ

11 19 okMZ ua0 19 ekS0 QqyokMh jkeizrki oekZ ls
vej flag oekZ gksrs gq, jkek nsoh rd ,oa
egsUnz oekZ okyh xyh esa vkj0lh0lh0 ukyh o
lh0lh0 }kjk lM+d fuekZ.k dk;ZA

2015477.00 1914703.15 07.03.2024 e;ad 
dULVªD'ku 

,.M 
lIyk;lZ

II/F 1913949.00 1913949.00 dk;Z iw.kZ

12 19 okMZ u0& 19 QqyokM+h es /kkdjs eSfjt gkse ls
NksVk ekrk efUnj rd lh0 lh0 }kjk lM+d
lq/kkj] dyMZ b0yk0 }kjk lkbM iVjh ,oa Vªh
xkMZ ds lkFk o`{kkjksi.k dk;ZA

7091910.00 6808233.60 30.10.2024 lq/khj dqekj 
tSu 

dkWUVsªDVj

III/F 7432382.00 7029814.00 dk;Z iw.kZ

8518



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

13

19

okMZ ua0&19 ubZ vkcknh QqyokMh jksM ls fyad
xyh esa jktw ds ?kj ls efUnj rd o ccyw ls
Hkksys rd ,oa eqds'k ls vthr rd lh0lh0
lM+d fuekZ.k dk;ZA

1825950.00 1752912.00 19.01.2025 ,0th0 
dULVªD'ku

I/F 1750695.00 1575625.00 dk;Z iw.kZ

14 44 okMZ ua0 44 lqgkx uxj esa ls0&02 vpy
iSysl ds lkeus v'kksd feJk ls xhre flag
jkBkSj] lqHkk"k ls dYiuk Ldwy] fnyhi
bathfu;j o ehuk jktiwr okyh xyh gksrs gq,
jes'k papy ds edku rd ukyh ejEer ,oa
lh0lh0 }kjk lM+d lq/kkj dk;ZA

5127766.00 4871377.70 15.03.2024 jkefd'kksj 
jkBh 

dkWUVsªDVj

III/F 4797751.00 4797751.00 dk;Z iw.kZ

15

44
lqgkx uxj esa lsDVj&4 ukyk iVjh ij ikuh
ds IykUV ds lkeus fe;kokdh i)fr ls
o`{kkjksi.k dk dk;ZA ¼320 oxZ eh0½

478565.00 454588.89 19.01.2025 egkohj VSªMlZ I/F 312678.00 281410.00 dk;Z iw.kZ 

16 45 okMZ ua0 45 nrkSth dyka esa nrkSth pkSjkgk Mk0
lqHkk"k dh nqdku ls iqfy;k dh <yku rd
dyMZ fLVªi ds lkFk b0yk0 QqVikFk fuekZ.k o
gkWVfeDl ,oa Vªh&xkMZ ds lkFk o o`{kkjksi.k dk
dk;ZA

2375663.00 2256879.85 25.03.2024 v{kr 
dULVªD'ku

II/F 2233378.00 2233378.00 dk;Z iw.kZ 

17 45 okMZ u0& 45 nrkSth [kqnZ es deykckbZ eafnj
ls u'kk eqfä dsUæ gksrs gq, jkeyky ds edku
rd lh0 lh0 }kjk lM+d lq/kkj] dyMZ b0yk0
}kjk lkbM iVjh ,oa Vªh xkMZ ds lkFk
o`{kkjksi.k dk;ZA

5786727.00 5555257.92 20.03.2024 ,l0vkj0 
dULVªD'ku

II/F 5555107.00 5555107.00 dk;Z iw.kZ 

18 45 okMZ ua0 45 vkuUn fogkj esa ccyw dh QSDVh ls
latw dSehdy rd ,oa iz'kkUr mik/;k; ls
Hkxoku nkl ,oa ccyw ls dSyk'k xksLokeh gksrs
gq, jkds'k rd ukyh ejEer ,oa lh0lh0 }kjk
lM+d lq/kkj dk;ZA

4628339.00 4443205.44 20.03.2024 ,l0vkj0 
dULVªD'ku

II/F 4437914.00 4437914.00 dk;Z iw.kZ 

8519



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

19 45,4
8

okMZ ua0 45]48 ds nrkSth [kqnZ esa jk/ks&jk/ks ls
jsyos Øksflax ds ikl deys'k xqIrk ds edku
rd lh0lh0 }kjk lM+d lq/kkj dk;Z ,oa lkbM
iVjh ij dyMZ fLVªi ds lkFk b0yk0 rFkk
lkbM iVjh ij o{̀kkjksi.k ,oa VªhxkMZ yxkus dk
dk;ZA

8425671.00 8004387.45 25.03.2024 ,u ih VsªMlZ II/F
M

7980399.00 7648402.00 dk;Z iw.kZ 

20 12 okMZ ua0 &12 ddjÅ esa izk0 fo|ky; eksM+ ls
,syku uxj iqfy;k rd {kfrxzLr ekxZ es
vkj0lh0lh0 ukyh o lh0lh0 }kjk lM+d
fuekZ.k] dyMZ b0yk0 }kjk lkbM iVjh ,oa
VªhxkMZ ds lkFk o`{kkjksi.k dk dk;ZA 

6411251.00 6154800.96 20.03.2024 ih,lvkj 
bUQzkVSd

II/F 6313688.00 6313688.00 dk;Z iw.kZ 

21 12 okMZ ua0 12 y{eh uxj esa vkj0lh0 fjlksVZ ls
gfjgkse ;kno ds edku rd dPps jksM+ ij
vkj0lh0lh0 ukyh o lh0lh0 lM+d fuekZ.k ,oa
VªhxkMZ ds lkFk o`{kkjksi.k dk dk;ZA 

3054405.00 2900157.55 28.03.2024 vfHk"ksd 'kekZ II/F 3039166.00 3039166.00 dk;Z iw.kZ 

22 12 okMZ ua0& 12 ddjÅ esa ijh lVfjax okys ls
egsUnz flag ;kno ds edku rd {kfrxzLr ekxZ
es ukyh ejEer o lh0lh0 }kjk lM+d fuekZ.k]
lkbM iVjh ij dyMZ b0yk0 VkbZYl yxkus o
VªhxkMZ ds lkFk o`{kkjksi.k dk dk;ZA 

2719876.00 2583882.20 07.03.2024 lqHkk"k pUnz 
jkBkSj Bsdsnkj

II/F 2513411.00 2513411.00 dk;Z iw.kZ 

23

20

tyslj jksM+ ;w0ih0,l0vkbZ0Mh0 ,fj;k esa 
nkÅn;ky fMxzh dkWyst ds lkeus fe;kokdh 
i)fr ls o`{kkjksi.k dk dk;ZA ¼1550 oxZ eh0½

1446397.00 1373932.51 19.01.2025 egkohj VSªMlZ I/F 1284335.00 1155901.00 dk;Z iw.kZ 

8520



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

24 21 okMZ ua0 21 'kkUrh uxj esa jkeohj dq'kokg ds
edku ls f'ko ukjk;u ds edku gksrs gq,
fnyhi iztkifr ds edku rd] iIiw xqIrk ds
edku ls ujs'k pUnz ds edku rd dPph
xfy;ksa esa vkj0lh0lh0 ukyh ,ao lh0lh0
lM+d fuekZ.k o VªhxkMZ ds lkFk o`{kkjksi.k dk
dk;ZA

3738504.00 3588963.84 20.03.2024  'k'kh nsoh II/F 3602358.00 3602358.00 dk;Z iw.kZ 

25 25 okMZ ua0& 25 uxyk HkkÅ mek dkj[kkus ls
th0Vh0 dh iqfy;k rd lh0lh0 lM+d fuekZ.k]
dyMZ b0yk0 }kjk lkbM iVjh] lkbM
MscyiesUV dk fuekZ.k ,oa vkj0 lh0lh0 VªhxkMZ
ds lkFk o`{kkjksi.k dk dk;ZA 

11516909.00 10935305.09 20.03.2024 xk;=h b.Vj 
izkbZtst

II/F 10932802.00 10932802.00 dk;Z iw.kZ 

26 29 okMZ ua0 29 cEck iVjh vuqjkx flag ls 'kkyw
vkWVks okys dh nqdku rd vkj0lh0lh0 ukyh
fuekZ.k] lh0lh0 }kjk lM+d fuekZ.k] b0yk0
}kjk lkbV iVjh ,oa lkbM MscyiesUV o
VªhxkMZ ds lkFk o`{kkjksi.k dk dk;ZA 

13364353.00 12829778.88 20.03.2024 lEeu flag II/F 13211056.00 5815750.00 dk;Z iw.kZ 

27 29 okMZ ua0 29 dksVyk jksM+ uxyk ikulgk; esa
'ksj flag dq'kokg ls lkFkZd vdsMeh rd
vkj0lh0lh0 ukyh] lh0lh0 }kjk lM+d fuekZ.k
o VªhxkMZ ds lkFk o`{kkjksi.k dk dk;ZA

2823722.00 2682535.90 01.03.2024 ,u ih VsªMlZ II/F 2383174.00 2373174.00 dk;Z iw.kZ 

8521



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

28 33 okMZ ua0 33 EkkS0 x.ks'k uxj esa iqfyl pkSdh
lfoZl jksM ls ;kno dh Msjh tSu uxj jksM
rd ukyh ejEer] gkWVfeDl }kjk lM+d
pkSM+hdj.k o nksuks lkbM+ iVjh ij dyMZ
b0yk0 yxkus o VªhxkMZ ds lkFk o{̀kkjksi.k dk
dk;ZA 

7479777.00 7105788.15 25.03.2024 v{kr 
dULVªD'ku

III/F 6003374.00 6003374.00 dk;Z iw.kZ 

29 34 okMZ ua0 34 egknso uxj iqfy;k cEck iVjh ls
BkjQqVk iqfy;k rd vkj0lh0lh0 ukyh fuekZ.k]
lh0lh0 }kjk lM+d fuekZ.k] iSjkfiV okWy o
VªhxkMZ ds lkFk o`{kkjksi.k dk dk;ZA

8901070.00 8456016.50 20.03.2024 lEeu flag II/F 8428355.00 8428355.00 dk;Z iw.kZ 

30 35 ehjk pkSjkgk ij t;uk fjlksVZ ¼jkbV gS.M
lkbM+½ ls efgUnzzk dkj 'kks:e rd ,oa c`ts'k
dh ckm.Mªh okWy lsa uxj fuxe lhek rd
lfoZl jksM ij lh0lh0 lM+d ,oa lkbM iVjh
ij dyMZ b0yk0 VkbZYl ,oa VªhxkMZ ds lkFk
o`{kjksi.k dk dk;ZA

12625756.00 11994468.20 30.03.2024 egs'k pUnz II/F 12306080.00 12306080.00 dk;Z iw.kZ 

31 36 okMZ ua0 36 uxyk ifp;k esa juohj ls fouksn
oekZ rd dPps jksM+ ij vkj0lh0lh0 ukyh o
lh0lh0 }kjk lM+d fuekZ.k o dyMZ b0yk0 ds
lkFk QqVikFk fuekZ.k ,oa VªhxkMZ ds lkFk
o`{kkjksi.k dk dk;ZA

3142594.00 3016890.24 20.03.2024 ,l0vkj0 
dULVªD'ku

I/F 3115030.00 3115030.00 dk;Z iw.kZ 

8522



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

32 38 okMZ ua0& 38 jSguk esa izkbZejh Ldwy ls Hkxoku
flag ds ?kj rd {kfrxzLr ekxZ esa lh0lh0 }kjk
lM+d fuekZ.k ,oa VªhxkMZ ds lkFk o`{kkjksi.k dk
dk;ZA

4990243.00 4738235.72 20.03.2024 xk;=h b.Vj 
izkbZtst

I/F 4551880.00 4551880.00 dk;Z iw.kZ 

33 62 okMZ ua0 62 gler uxj esa 'kdhyk u;he
gkWLihVy ls vkehu gksrs gq, cEck ckbZikl rd
{kfrxzLr jksM+ ij vkj0lh0lh0 ukyh o lh0lh0
}kjk lM+d ,oa vkj0lh0lh0 VªhxkMZ ds lkFk
o`{kkjksi.k dk dk;ZA

5441852.00 5169759.40 24.03.2024 egs'k pUnz I/F 5218712.00 5218312.00 dk;Z iw.kZ 

34

62

lksQhiqj ,l0Vh0ih0 ds lkeus fe;kokdh i)fr 
ls o`{kkjksi.k ,oa 01 o"kZ dk vuqj{k.k dk;ZA

1431619.00 1358606.43 28.02.2025 egkohj VSªMlZ I/F 1316096.00 1184486.00 dk;Z iw.kZ 

35 25, 
28

okMZ ua0 25] 28 ,u0,p0&2 lfoZl jksM+
lh0,y0 tSu iqfy;k ls ts0Vh0 dh iqfy;k gksrs
gq, ekW iFkokjh ekrk ds efUnj rd {kfrxzLRk
lM+d ij gkWVfeDl }kjk lM+d lq/kkj] lkbM
MscyiesUV o lkbM iVjh ij dyMZ b0yk0
VkbZYl yxkus o VªhxkMZ ds lkFk o{̀kkjksi.k dk
dk;ZA

14161287.00 13453222.00 25.03.2024 v{kr 
dULVªD'ku

III/F 12274960.00 12274960.00 dk;Z iw.kZ 

36

19

lar uxj ikuh dh Vadh ifjlj ls fe;kokdh
i)fr ls o`{kkjksi.k ,oa 01 o"kZ dk vuqj{k.k
dk;ZA

190645.00 184735.01 19.01.2025 egkohj VSªMlZ I/F 183087.00 164778.00 dk;Z iw.kZ 

8523



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

37 13 okMZ ua0 13 foHko uxj esa lsUVj ikdZ dk
lkSUn;hZdj.k ,ao >wyk o o`{kkjksi.k dk dk;ZA

1218654.00 1157112.00 24.03.2024 egkohj VsªMlZ I/F 1214570.00 1214570.00 dk;Z iw.kZ 

38 13 okMZ ua0 13 foHko uxj lsDVj& 02 esa nhf{kr
ikdZ esa ckm.Mªhoky] jsfyax] ikFk&os cSUp]
jaxkbZ&iqrkbZ] >wyk ,oa o{̀kkjksi.k dk dk;ZA

2504794.00 2378302.00 24.03.2024 egkohj VsªMlZ II/F 2373646.00 2373646.00 dk;Z iw.kZ 

39 65,6
6,67

okMZ u0& 65] 66 o 67 es 30 QqVk jksM ij
ctjax okfVdk pkSjkgs ls lS;nxat jksM+ rd
ukyh ejEer o lh0 lh0 }kjk lM+d lq/kkj
dk;ZA

5562331.00 5395461.07 31.03.2024 ih,lvkj 
bUQzkVSd

I/F 5384793.00 5384793.00 dk;Z iw.kZ 

40 13 okMZ ua0 13 foHko uxj esa V~;wcsy okyk ikdZ
dk lkSUn;hZdj.k ,ao >wyk o o`{kkjksi.k dk
dk;ZA

480891.00 384664.00 09.10.2024 lqUnj 
dE;wfuds'ku 

,.M 
dULVªD'ku 
izk0fy0

0.00 0.00 dk;Z iw.kZ ,oa 
Hkqxrku gsrq 
yfEcr

8524



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

41 12 okMZ ua0 12 y{eh uxj esa xksfoUn QkSth ds
edku ls fnus'k ekLVj ds edku rd] mes'k ds
edku ls vkuUn ds edku rd] xqIrk th ds
edku ls jkts'k ds edku rd] jkes ;kno ls
f'kodqekj ds edku rd dPph xfy;ksa esa
vkj0lh0lh0 ukyh o lh0lh0 }kjk lM+d
fuekZ.k ,oa xksfoUn QkSth ds edku ls fnus'k
ekLVj ds edku rd dyMZ b0yk0 ds lkFk
QqVikFk fuekZ.k ,oa VªhxkMZ ds lkFk o`{kkjksi.k
dk dk;ZA 

11140745.00 10917930.10 28.03.2024 lEeu flag II/F 10929365.00 10912010.00 dk;Z iw.kZ 17355 
foFk gsYM jksdh 

x;h

42 21 okMZ ua0 21 ej?kVh jksM+ ij f'kojke jkBkSj ls
fct; flag jkBkSj ds edku rd] jkBkSj /keZ'kky 
ls f'k;kjke] dksey flag ls jathr] Hkxoku nkl
ls jktiky ds edku rd vkj0lh0lh0 ukyh]
lh0lh0 }kjk lM+d fuekZ.k o f'kojke jkBkSj ls
fct; flag jkBkSj ds edku rd lkbM iVjh
ij b0yk0 VkbYl yxkus ,oa VªhxkMZ ds lkFk
o`{kkjksi.k dk dk;ZA  

9516383.00 9135727.68 20.03.2024 LokfLrd 
MoyilZ 

,.M dEiuh

II/F 7915518.00 7915304.00 dk;Z iw.kZ 214 
foFk gsYM jksdh 

x;h

43 1 okMZ ua0 01 BkjQqVk iqfy;k ls cEck ukyk
iVjh ls lkfo+=h fjlksVZ ls vkxs rd
vkj0lh0lh0 ukyh fuekZ.k] lh0lh0 }kjk lM+d
fuekZ.k] lkbM MscyiesUV o VªhxkMZ ds lkFk
o`{kkjksi.k dk dk;ZA

12334857.00 11718114.15 31.03.2024 LokfLrd 
MoyilZ 

,.M dEiuh

III/F 11575809.00 11569824.00 dk;Z iw.kZ 5985 
foFk gsYM jksdh 

x;h

44 19 okMZ u0& 19 xkso/kZu dh Bkj es Qrsgkckn
jksM] ekrk eafnj ls eqdqV flag rd lh0 lh0
}kjk lM+d lq/kkj] dyMZ b0yk0 }kjk lkbM
iVjh ,oa Vªh xkMZ ds lkFk o`{kkjksi.k dk;ZA

3240177.00 3078168.15 25.03.2024 ctjax VsªMlZ II/R 2780066.00 2598206.00 dk;Z iw.kZ vfUre 
fcy ugh cuk;k 

x;kA

8525



dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

45

44

okMZ ua0 44 lqgkx uxj lsDVj&03 esa eqds'k
LohV gkml ls jsyos ykbu ds ikl efUnj rd
xRrk QSDVªh ds lkeus ok;q xq.koRrk lq/kkj gsrq
End to End Pavement dk dk;ZA 

5274579.00 5147989.10 19.03.2025 v{kr 
dULVªD'ku

II/R 4281396.00 1582572.00 dk;Z izxfr ijA

46
44

okMZ ua0&44 lqgkx uxj lsDVj ua0 03 esa ,-th-
ifCyd Ldwy ls ';ke njksxk gksrs gq,
jkeizdk'k ;kno rd ,oa Ldwy ls vt; feJk 

3561338.00 3468743.21 19.02.2025 v{kr 
dULVªD'ku

I/R 3329766.00 2996789.00 dk;Z izxfr ijA

47 29 Setting up facilities for 02 Nos for 
Green Disposal of Community/Stray 
Dogs small animals, large animals 
and construction of shed in 
Firozabad (CARCUS PLANT)

16944127.00 15440000.00 08.01.2025 Cecon 
Pollutecec
h systems 

pvt ltd

II/R 4938524.00 4938524.00 dk;Z izxfr ijA

48

28,3
1,32

okMZ u0&28] 31] 32 lqgkx uxj pkSjkgs ls
fgek;qiwj iqfy;k rd g‚VfeDl }kjk lM+d ,oa
iw.kZr;% {kfrxzLr xM~<k;qDr lkbM iVjh dk
iqu% fuekZ.k dk;ZA 

4365340.00 4247475.82 19.02.2025 v{kr 
dULVªD'ku

I/R 3525539.00 3172985.00 dk;Z izxfr ijA

49 20 Setting up facilities for Green Antim 
Sanskar using Gas with Operation 
and Maintenance of one year at 
Firozabad, Uttar Pradesh

10140000.00 9700000.00 26.09.2024 xzhu 
jsosO;wys'ku 
Qkm.Ms'ku 

II/R
RP

6105865.00 5760104.00 dk;Z izxfr ijA
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dqy 'kq} Hkqxrku

foRrh; o"kZ 2023&24 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohdr̀ 

/kukad
dk;Z iw.kZ frfFk Bsdsnkj@QeZ 

dk uke
fcy dh 
fLFkfr

vfH;qfDrdqy fcy /kukad

50 0 fQjkstkckn uxj fuxe lhekUrZxr eq[; ekxksZa
,oa pkSjkgks ij vkj0lh0lh xeys vkiwfrZ ,oa
ikS/kkjksi.k o ,d o"kZ vuqj{k.k dk dk;ZA 

2389960.00 2270223.00 24.03.2024 egkohj VsªMlZ A 0.00 0.00 dk;Z izxfr ijA

51 17 okMZ ua0 17 ek;kiqjh esa nsokth VsªMlZ ls iznhi
dh QSDVªh rd dPph ukyk iVjh ij
vkj0lh0lh0 ukyh] gkWVfeDl }kjk lM+d
fuekZ.k] okbV iV~Vh ,oa b0yk0 }kjk lkbV
iVjh o VªhxkMZ ds lkFk o{̀kkjksi.k o lR; uxj
iqfy;k ls n[ky dh iqfy;k rd ukys ds nksuksa
vksj lkbM MscyiesUV dk dk;ZA

11705019.00 11119768.05 25.03.2024 v{kr 
dULVªD'ku

III/R 10589248.00 10589248.00 dk;Z izxfr ijA 
vfUre Hkqxrku 

gqvk ugh 
Vh0,0lh0 iw.kZ 

gSA

52

25

okMZ ua0&25 <ksyiqjk esa ehjk pkSjkgk ls vxzoky
Vkoj rd {kfrxzLr ekxZ dk lq/kkj dk;ZA

29067258.00 28948082.24 29.03.2025  nsodyh 
bUÝk izk0fy0 

II/R 15601362.00 11701021.00 iqu% fufonk 
izfØ;k esa

317063663.00 303191674.30
dqy dk;Z 52
dk;Z izxfr ,oa vfUre fcy gsrq 9
iqu% fufonk esa ¼nsodyh½ 1
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1 35

okMZ ua0 35 jSguk xqMMw dh pDdh ls
djuflag rd dkyhpju ls if.Mr th
lrsUnz] jkeizdk'k okyh xyh esa dPps ekxZ
dk lh0lh0 lM+d fuekZ.k dk;Z

4426656.00 4324842.12 11.08.2025 xq̀:dìk 
dULVªD'ku

II/F
RP

4281396.00 1984104.00 dk;Z iw.kZA

2

vklQkckn pkSjkgk ls Hkkjr VkWdht ls
vkxs fctyh ?kj dh rjQ iw.kZr;% {kfrxzLr
,oa xM~<k;qDr ekxZ dk lh0lh0 }kjk iqu%
fuekZ.k dk;Z ,oa VªhxkMZ ds lkFk o{̀kkjksi.k
dk dk;ZA 

12255750.00 12057206.85 01.11.2025 ih0,l0vkj0 
bUQkVsd

II/F 12205028.00 10984525.00 dk;Z iw.kZA

3 38

okMZ ua0 38 jSguk ukyk iVjh ij vej
pUnz ls izrki ds edku rd] txnh'k ls
dìkyh ds edku rd iw.kZr;% {kfrxzLr ,oa
xM~<k;qDr ekxZ dk lh0lh0 }kjk iqu%
fuekZ.k dk;ZA

4041520.00 3964731.12 09.08.2025 ,l0vkj0 
dULVªD'ku

I/F 3963327.00 3566994.00 dk;Z iw.kZA

4 21
okMZ ua0 21 v'kksd ds edku ls vfHkykd
jkBkSj ds edku rd {kfrxzLr xM~<k;qDr
ekxZ dk iqu% fuekZ.k dk;ZA

4095427.00 3911132.79 09.08.2025  'k'kh nsoh I/F 3909895.00 3518905.00 dk;Z iw.kZA

5 33

okMZ ua0 33 x.ks'k uxj esa vfHk"ksd papy
feRry ls jke'kksVs xqIrk gksrs gq, iSaxqfj;k
rd iw.kZr;% {kfrxzLr xM~<k;qDr lkbM
iVjh dk iqu% fuekZ.k dk;ZA

3337400.00 3187550.74 05.10.2025 v{kr 
dUlVªD'ku

I/F
RP

3186073.00 2867465.70 dk;Z iw.kZA

6 10

okMZ ua0 10 cEck jksM larks"k uxj esa
lR;Hktu okfVdk ls cUn rd] eukst ls
t;izdk'k ds edku rd dPps ekxZ dk
lh0lh0 lM+d fuekZ.k dk;ZA

2249272.00 2208785.10 02.07.2025 vkj0vkj0 
dkUWVªsDVlZ

I/F
A

1949749.00 1754774.00 dk;Z iw.kZA

uxj fuxe fQjkstkckn

foRrh; o"kZ 2024&25 esa us'kuy Dyhu ,s;j izksxzke ¼N-CAP½ ds vUrxZr Lohd`r dk;kZsa dk fooj.k
Ø-l- ckMZ 

ua0 
  dk;Z dk uke vkx.ku /kukad fufonk Lohd`r 

/kukad
dk;Z iw.kZ 
frfFk

Bsdsnkj@Q
eZ dk uke

fcy 
dh 

fLFkfr

vfH;qfDrdqy fcy /kukad dqy 'kq} Hkqxrku

8528



7 25

okMZ ua0 25 bf.MfLVª;y ,fj;k esa vkj0ds0
Xykl b.MfLVª;y ls vxzoky iSdlZ rd
,oa Jh ukFk dh QSDVªh ls caly b.MLVªht
rd lh0lh0 lM+d fuekZ.k dk;ZA

5758554.00 5640503.64 04.11.2025 xk;=h 
b.Vjizkbtst

I/F
M

5663762.00 5097386.00 dk;Z iw.kZA

8 25

okMZ ua0 25 <ksyiqjk esa VªkWUlisjsUV
vksojlht ¼Vksuh ckcw dh QSDVªh½ ls Vkbxj
Xykl gksrs gq, th0,e0 vksojlht QSDVªh
rd gkWVfeDl }kjk lM+d fuekZ.k dk;ZA

8503384.00 8303554.48 09.10.2025 v{kr 
dULVªD'ku

I/F
M

7964860.00 7168374.00 dk;Z iw.kZA

9 12

okMZ ua0&12 tyslj jksM+ vfHkeU;q Ldwy
okyh xyh esa lh0lh0 }kjk lM+d fuekZ.k]
dyMZ b0yk0 }kjk dPph lkbM iVjh dks
b0yk0 }kjk iDdk djus dk fuekZ.k dk;Z
,oa VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA

1249330.00 1198107.47 01.07.2025 vatyh 
b.Vjizkbtst

I/F
RP

1220520.00 1098468.00 dk;Z iw.kZA

10 12

okMZ ua0&12 ddjÅ dksBh izkFkfed
fo|ky; ls cEck ckbZikl rd ,oa dksey
flag ls 'kekZ th gksrs gq, Jhizlkn ¼cEck
ckbZikl½ rd dPps ekxZ dk lh0lh0 lM+d
fuekZ.k dk;Z ,oa VªhxkMZ ds lkFk o{̀kkjksi.k
dk dk;ZA

8683600.00 8444801.00 01.09.2025 xk;=h 
b.Vjizkbtst

II/F
RP

8488990.00 7871062.00 dk;Z iw.kZA

11 34

okMZ ua0 34 egknso uxj xyh ua0 34
¼14@3½ esa jktw 'kekZ ls vt; gksrs gq,
mek'kadj ds edku] jktw lfork ls ujsUnz
ds edku rd dPps ekxZ dk lh0lh0
lM+d fuekZ.k dk;Z

2210680.00 2156297.27 01.07.2025 dfiy eksgu 
ekgs'ojh

I/F
RP

2154931.00 1939438.00 dk;Z iw.kZA

12 34

okMZ ua0 34 jSiqjk jksM+ ij okal cYyh dh
Vky ls jkds'k ds edku rd] eqdqy
cSfYMax ls cUn rd dPps ekxZ dk lh0lh0
lM+d fuekZ.k dk;Z

2241550.00 2218013.73 01.07.2025 vkfnR; 
dkWUVSªDVj

I/F
RP

2210608.00 1989547.00 dk;Z iw.kZA

13 42
okMZ ua0 42 fot; uxj esa NksVsyky ls
jkexksiky gksrs gq, caxkyh rd dPps ekxZ
ij lh0lh0 lM+d fuekZ.k dk;ZA

1757897.00 1721860.01 02.07.2025 vkj0vkj0 
dkWUVSªDVlZ

I/F
M

1714532.00 1543079.00 dk;Z iw.kZA
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14 9

okMZ ua0 09 ckS/kkJe jksM ij uRFkwflag ls
ehjknsoh] txnh'k oekZ] e/kqokyk] jkds'k]
mek] lat; 'kekZ] lR;Hkku okyh iw.kZr;%
{kfrxzLr ,oa xM~<k;qDr xfy;ksa es lh0lh0
}kjk lM+d lq/kkj dk;ZA

1686646.00 1654599.73 09.07.2025 vkj0vkj0 
dkWUVsªDVlZ

I/F
A

1642230.00 1478007.00 dk;Z iw.kZA

15 10

okMZ ua0 10 vkse dkWyksuh esa ns'kh 'kjko ds
Bssdk ls dkyhpju dq'kokg gyokbZ ds
edku rd iw.kZr;% {kfrxzLr ,oa xM~<k;qDr
ekxZ dk gkWVfeDl }kjk iqu% fuekZ.k dk;Z]
ukyk iVjh dk fuekZ.k ,oa VªhxkMZ ds lkFk
o{̀kkjksi.k dk dk;ZA

829870.00 808293.38 09.07.2025 v{kr 
dULVªD'ku

I/F
A

805530.00 724977.00 dk;Z iw.kZA

16 12

okMZ ua0 12 tyslj jksM+ y{eh LohV gkml
ls VªkUlQkeZj rd iw.kZr;% {kfrxzLr ,oa
xM~<k;qDr ekxZ dk lh0lh0 }kjk iqu%
fuekZ.k dk;Z ,oa VªhxkMZ ds lkFk o{̀kkjksi.k
dk dk;ZA

3810230.00 3665441.26 04.11.2025 ,u0ih0 
VSªMlZ

I/F
RP

3648121.00 3283309.00 dk;Z iw.kZA

17 47

okMZ ua0 47 esa uSuh jksM+ thlku iSUV dh
nqdku ls 'khryk ekrk efUnj rd {kfrxzLr
,oa xM~<k;qDr ekxZ dk iqu% fuekZ.k dk;Z
,oa VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA

6848390.00 6728543.17 09.09.2025 ,l0vkj0 
dULVªD'ku

I/F
RP

6719477.00 6047529.00 dk;Z iw.kZA

18 44

okMZ ua0&44 lqgkx uxj lsDVj&03 es
dIrku flag jktiwr ds lkeus fLFkr jktsUæ
çlkn gfjr iV~Vh o{̀kkjksi.k ,oa
lkSUn;hZdj.k dk;ZA

1624111.00 1582371.35 09.07.2025 dfiy eksgu 
ekgs'ojh

I/F
M

1581232.00 1423109.00 dk;Z iw.kZA

19 25

okMZ ua0 25 ehjk pkSjkgs ds ikl lfoZl jksM
ls fyad jk/kk fd'ku ds IykV ls dkfrZd
VªkUliksVZ rd vkj0lh0lh0 ukyh ,oa
lh0lh0 }kjk lM+d fuekZ.k dk;ZA

2143478.00 2097393.22 03.09.2025 xxZ 
b.Vjizkbtst

I/F
M

2044912.00 1840421.00 dk;Z iw.kZA
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20 44

okMZ ua0 44 lqgkx uxj esa VwVh fcfYMax ls
v'kksd ;kno gksrs gq, Mkd[kkus rd dPph
lkbM iVjh dks b0yk0 }kjk iDdk djus
,oa gkWVfeDl o lh0lh0 }kjk lM+d lq/kkj
dk;ZA

3284988.00 3196293.32 09.08.2025 v{kr 
dUlVªD'ku

I/F
M

3138844.00 2824960.00 dk;Z iw.kZA

21 45

okMZ u0&45 nrkSth [kqnZ es fctyh ?kj ls
çkFkfed fo|ky; rd nksuksa lkbM dPph
iVjh dks b0yk0 }kjk iDdk djus o lkbM
iVjh ij o{̀kkjksi.k ,oa VªhxkMZ yxkus dk
dk;ZA

3882416.00 3723236.94 08.08.2025 vfHk"ksd 
dkWUVSªDVj

I/F
M

3713908.00 3342517.00 dk;Z iw.kZA

22 44

okMZ ua0 44 lqgkx uxj lqgkx uxj
ls0&03 esa ik'oZukFk gyokbZ ls ujsUnz xqIrk
gksrs gq, [kqjkt flag o Jh nsoh ls vfuy
dqekj o foeys'k ls oUnuk rd lh0lh0
}kjk lM+d lq/kkj dk;ZA

1949471.00 1905607.90 31-12-2025 dfiy eksgu 
ekgs'ojh

M 0.00 0.00 dk;Z izkjEHk 
djkuk gSA

23 64

ljdwyj jksM+ pkSdh xsV lkoZtfud
'kkSpky; ds ikl ls vkxk'kkg efLtn rd
iw.kZr;% {kfrxzLr xM~<k;qDr lkbM iVjh
dk iqu% fuekZ.k dk;ZA

4194376.00 4064350.34 04.10.2025 lEeu flag A/M 0.00 0.00 dk;Z izxfr 
ij

24 62

okMZ ua0 62 cEck ukyk iVjh tsyj okfVdk
ls QkSth VSªMlZ rd dPps ekxZ dk lh0lh0
lM+d fuekZ.k dk;Z] b0yk0 }kjk lkbV
iVjh fuekZ.k o VªhxkMZ ds lkFk o{̀kkjksi.k
dk dk;ZA 

12486345.00 12267833.96 09.09.2025 ih0,l0vkj0 
bUQkVsd

I/R
RJ

10447268.00 9402541.00 dk;Z izxfr 
ij

25 13

okMZ ua0 13 foHko uxj tyslj jksM+ ls
foHko uxj iqfyl pkSdh gksrs gq, dVkjk ds
edku ,oa fyad lMdksa ij iw.kZr;%
{kfrxzLr ,oa xM~<k;qDr ekxZ dk gkWVfeDl
}kjk iqu% fuekZ.k dk;Z] b0yk0 lkbM+ iVjh
fuekZ.k ,oa VªhxkMZ ds lkFk o{̀kkjksi.k dk
dk;ZA  

18136900.00 17647203.70 09.09.2025 v{kr 
dULVªD'ku

A 0.00 0.00 dk;Z izxfr 
ij

26 55

okMZ ua0&55 ch0ih0,y0 jksM+ LVkj VªscYlZ
ls rkykc rd iw.kZr;% {kfrxzLr ,oa
xM~<k;qDr ekxZ dk lh0lh0 }kjk iqu%
fuekZ.k dk;ZA

2432790.00 2337911.00 09.07.2025 vfHk"ksd 
dkWUVSªDVj

I/R
RJ

1600101.00 1440091.00 dk;Z izxfr 
ij

8531



27
3,5,
10

okMZ ua0 3] 5 o 10 esa jSiqjk jksM lfoZl
jksM ls cEck ckbZikl rd iw.kZr;% {kfrxzLr
,oa xM~<k;qDr ekxZ dk gkWVfeDl }kjk iqu%
fuekZ.k dk;Z ,oa VªhxkMZ ds lkFk o{̀kkjksi.k
dk dk;ZA

3081550.00 2989103.50 18.05.2025 ,e0ds0Mh0 
bUQzkVSd

I/R
A

1266537.00 1139883.00 dk;Z izxfr 
ij

28

52.5
6.58
.60-
61

okMZ ua0 52]56]58]60 o 61 esa clbZ;k
efLtn ls jkex<+ Fkkus rd iw.kZr;%
{kfrxzLr ,oa xM~<k;qDr ekxZ dk lh0lh0
}kjk iqu% fuekZ.k dk;Z o dyMZ b0yk0
}kjk lkbM iVjh dk fuekZ.k ,oa VªhxkMZ ds
lkFk o{̀kkjksi.k dk dk;ZA

21197760.00 20775924.58 01.09.2025 lEeu flag I/R
RP

15320729.00 13788656.00 dk;Z izxfr 
ij

29
55,5
8,60
,63

okMZ ua0 55] 58] 60 o 63 vkdk'kok.kh jksM 
c''ku gkWLihVy ls ljLorh f'k'kq efUnj
cEck ckbZikl rd gkWVfeDl }kjk lM+d
lq/kkj dyMZ b0yk0 }kjk lkbZM iVjh dk
fuekZ.k ,oa Vªh&xkMZ ds lkFk o{̀kkjksi.k dk
dk;ZA

8192057.00 8002820.48 04.10.2025 v{kr 
dUlVªD'ku

I/R
RP

3077189.00 2769470.00 dk;Z izxfr 
ij

30 35

okMZ ua0 35 ehjk pkSjkgks ls ykyÅ jksM
rd vkj0lh0lh0 ukyh fuekZ.k ,oa
gkWVfeDl }kjk lM+d fuekZ.k dk;Z ,oa
VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA

25035806.00 24482514.69 03.10.2025 ,e0ds0Mh0 
bUQzkVSd

I/R
RP

8552639.00 0.00 dk;Z izxfr 
ij

31 10

dksVyk jksM+ ij cEck pkSjkgk rglhynkj
gyckbZ dh nqdku ls jkuh uxj ukyk
lM+d dh nksuks rjQ dPph lkbM iVjh
dks b0yk0 }kjk iDdk djus dk dk;ZA 

16905520.00 16440618.20 09.09.2025 xk;=h 
bUVjizkbtst

I/R
RP

15706596.00 0.00 dk;Z izxfr 
ij

32 31

okMZ u0&31+ lqgkx uxj es pêku flag dh
ekdZsV ls jktho nhf{kr] tyfuxe
dk;kZy; ls vkseçdk'k xqIrk rd g‚VfeDl
}kjk lM+d lqèkkj] {kfrxzLr xM~<k;qDr
lkbM iVjh ij dyMZ fLVªi ds lkFk
b0yk0 rFkk VªhxkMZ ds lkFk o{̀kkjksi.k dk
dk;Z rFkk jktho nhf{kr ls _f"k fnokdj]
eksuh ls jktu ;kno gksrs gq, foØe ipkSjh
rd lh0 lh0 }kjk lM+d lqèkkj dk;ZA

6690780.00 6516819.72 09.09.2025 v{kr 
dUlVªD'ku

I/R
M

3958732.00 3562859.00 dk;Z izxfr 
ij
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33 1

okMZ ua0&1 jfonkl uxj esa eqUukyky ls
lh0,y0lh0 Ldwy gksrs gq, ej?kVh rd
dPps ekxZ dk lh0lh0 lM+d fuekZ.k dk;ZA

2634895.00 2529499.20 05.09.2025 vatyh 
b.Vjizkbtst

RP 0.00 0.00 dk;Z izxfr 
ij

34 35

okMZ ua0 35 rglhy jksM+ cynso uxj esa
Vksuh ls Mk;eUM] vtUrk izsl ls lat;
xqIrk rd dPps ekxZ dk lh0lh0 lM+d
fuekZ.k dk;Z ,oa VªhxkMZ ds lkFk o{̀kkjksi.k
dk dk;ZA

6359075.00 6250970.73 01.09.2025 xk;=h 
bUVjizkbtst

I/R
RP

4236874.00 3813187.00 dk;Z izxfr 
ij

35 56

okMZ ua0 56 ekS0 mnwZ uxj esa ckYehd okyh
xyh esa valkj ijpquh okyksa dh nqdku ls
ikuh dh Vadh gksrs gq, eqxhuk eseksfj;y
Ldwy rd dPps ekxZ dk lh0lh0 lM+d
fuekZ.k dk;Z

4233790.00 4126251.73 01.08.2025 jkefd'kksj 
jkBh 

dkWUVsªDVj

I/R
RP

1572053.00 1414848.00 dk;Z izxfr 
ij

36
63-
47

okMZ ua0 63 o 47 esa uSuh jksM dqjSf'k;ku
dfczLrku ls Mk0 izeksn ds edku rd
{kfrxzLr ,oa xM~<k;qDr ekxZ dk iqu%
fuekZ.k dk;ZA

2344655.00 2291900.26 01.07.2025 ,l0vkj0 
dULVªD'ku

RP 0.00 0.00 dk;Z izxfr 
ij

37
20-
29

okMZ ua0 20] 29 ddjÅ dksBh pkSjkgs ls
Vkik[kqnZ iqfy;k gksrs gq, 'kfunso VsªMlZ rd
dPps ekxZ dk lh0lh0 lM+d fuekZ.k dk;Z]
lkbM MscyiesUV o VªhxkMZ ds lkFk
o{̀kkjksi.k dk dk;ZA 

17342360.00 17009386.68 27.08.2025 lEeu flag I/R
RP

15980828.00 14382745.00 dk;Z izxfr 
ij

38 29

okMZ ua0&29 esa Mkcj jksM ls xks'kkyk dh
rjQ cEck iVjh ,oa iVjh ls fyad uxyk
ikulgk; okyh jksM+ ij dPps ekxZ dk
lh0lh0 lM+d fuekZ.k dk;Z] b0yk0 }kjk
lkbV iVjh fuekZ.k] VªhxkMZ ds lkFk
o{̀kkjksi.k dk dk;ZA 

10667200.00 10391986.24 09.09.2025 lq/khj dqekj 
tSu 

dkWUVsªDVj

II/R
RP

9264598.00 8607084.00 dk;Z izxfr 
ij

39 25

okMZ ua0 25 <ksyiqjk cUnj okyh iqfy;k ds
ikl Hkko flag dh ekdsZV ls vkuUn Xykl
rd iw.kZr;% {kfrxzLr ,oa xM~<k;qDr ekxZ
dk gkWVfeDl }kjk lM+d lq/kkj dk;ZA

2179245.00 2113867.65 09.07.2025 ,e0ds0Mh0 
bUQzkVSd

I/F
M

2011823.00 0.00 dk;Z izxfr 
ij
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40 32

okMZ u0&28 es iFkokjh ekrk efUnj ls
fgek;qiwj iqfy;k rd xM~<k;qDr ekxZ dk
g‚VfeDl }kjk lM+d lqèkkj ,oa {kfrxzLr
lkbM iVjh dk lh0lh0 }kjk iqu% fuekZ.k
dk;ZA

4081602.00 3971398.75 09.08.2025 v{kr 
dUlVªD'ku

I/R
M

3363681.00 0.00 dk;Z izxfr 
ij

41
15-
17

okMZ ua0 15 o 17 esa n[ky jksM+ ij lkscju
ds edku ls lqeaxye xSLV gkml rd
iw.kZr;% {kfrxzLr ,oa xM~<k;qDr ekxZ dk
lh0lh0 }kjk iqu% fuekZ.k dk;Z ,oa VªhxkMZ
ds lkFk o{̀kkjksi.k dk dk;ZA

3397180.00 3329236.40 03.06.2025 vkj0vkj0 
dkWUVSªDVlZ

A 0.00 0.00 dk;Z izxfr 
ij

42 44
okMZ ua0&44 lqgkx uxj lsDVj&03 esa
QOOkkjs okys gfjr iV~Vh o{̀kkjksi.k ,oa
lkSUn;hZdj.k dk;ZA

3671715.00 3530353.98 26.12.2025 jkefd'kksj 
jkBh 

dkWUVsªDVj

M 0.00 0.00 dk;Z izxfr 
ij

43 20
tyslj jksM fLFkr ;w0ih0,l0 vkbZ0Mh0lh0
eas vkS/kksfxd {ks= esa fe;kokdh i}fr ls
o{̀kkjksi.k dk;ZA

1102900.00 1047644.71 13.07.2025 egkohj VSªMlZ A 0.00 0.00 dk;Z izxfr 
ij

44 49
okMZ ua0 49 guqeku jksM ij ljdwyj jksM
ls jke}kj rd gkWVfeDl }kjk lM+d lq/kkj
,oa ukyh ejEer dk dk;ZA

5056183.00 4939385.17 04.09.2025 v{kr 
dUlVªD'ku

M 0.00 0.00 dk;Z izxfr 
ij

45 12

okMZ ua0 12 cEck ckbZikl ls ,l0ds0,l0
U;wt o tksuy vkWfQl rd vkj0lh0lh0
ukyh ,oa gkWVfeDl }kjk lM+d fuekZ.k ,oa
cEck ukyk ij iqfy;k fuekZ.k dk dk;ZA

5098980.00 4981193.56 05.09.2025 v{kr 
dUlVªD'ku

II/R
RP

4410351.00 1638481.00 dk;Z izxfr 
ij

46 25

okMZ ua0 25 <ksyiqjk esa ehjk pkSjkgs ls lSUV
tkWUl Ldwy gksrs gq, lhrkjke QSDVªh ds
ikl rd gkWVfeDl }kjk lM+d lq/kkj
dk;ZA

5154494.00 5035425.18 04.09.2025 v{kr 
dUlVªD'ku

I/R
M

3993806.00 3594425.00 dk;Z izxfr 
ij

47 25

okMZ u0&25 <ksyiqjk es mek Xykl QSDVªh
ls egknso efUnj ds ikl iqfy;k gksrs gq,
lsaV tksUl jksM rd g‚VfeDl }kjk lM+d
lqèkkj] dPph lkbM iVjh dks lh0lh0 ,oa
b0yk0 }kjk iDdk djus dk dk;ZA

18630128.00 18071224.16 09.09.2025 ,e0ds0Mh0 
bUQzkVSd

M 0.00 0.00 dk;Z izxfr 
ij
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48
19-
22

okMZ ua0 19&22 esa vklQkckn ¶ykbZ vksoj
ds uhps gkWVfeDl }kjk lM+d pkSM+hdj.k
,oa ¶ykbZ vksoj ds uhps o dPph lkbM
iVjh dks b0yk0 }kjk iDdk djus dk
dk;ZA

6789310.00 6585630.17 09.09.2025 ,e0ds0Mh0 
bUQzkVSd

I/R
RP

5474878.00 0.00 dk;Z izxfr 
ij

49
27-
30

okMZ ua0&27 o 30 ,sdrk uxj esa xyh ua0
06 ohnk ;kno ls iIiw ds IykUV rd ,oa
mes'k pUnz o iksVhyky ds IykUV ls Jh
fuokl] vadqj xqIrk ls vfuy xqIrk ,oa
vfer xqIrk ls izseiky ;kno rd lh0lh0
lM+d fuekZ.k dk;ZA

3811296.00 3754888.82 01.08.2025 jkefd'kksj 
jkBh

II/R
M

3370042.00 3178607.00 dk;Z izxfr 
ij

50 48
okMZ ua0&48 yscj dkyksuh es fugky ds
lkeus gfjr iV~Vh o{̀kkjksi.k ,oa
lkSUn;hZdj.k dk;ZA

1155125.00 1140685.94 09.07.2025 egke lsYl M 0.00 0.00 dk;Z izxfr 
ij

51 13
okMZ ua0 13 eFkqjk uxj esa fctyh ?kj ls
jSguk dh iqfy;k rd gkWVfeDl }kjk lM+d
lq/kkj dk;ZA

4536486.00 4431693.17 04.09.2025 v{kr 
dUlVªD'ku

I/F
A

4505771.00 0.00 dk;Z izxfr 
ij

52
27-
30

okMZ ua0 27 o 30 iSes'oj xsV ls
vklQkckn pkSjkgs rd dPph lkbM iVjh
dks b0yk0 }kjk iDdk djus o VªhxkMZ ds
lkFk o{̀kkjksi.k dk dk;ZA

9861304.00 9550672.92 09.08.2025 ,u0ih0 
VSªMlZ

M 0.00 0.00 iqujhf{kr 
vkx.ku

53 36

okMZ ua0 36 eqjyh uxj dh iqfy;k ls
lqgkx uaxj ls0 4 gksrs gq, uUuwey ds
Ldwy rd iw.kZr;% {kfrxzLr ,oa xM~<k;qDr
ekxZ dk lh0lh0 }kjk iqu% fuekZ.k dk;Z o
dyMZ b0yk0 }kjk lkbM iVjh dk fuekZ.k
,oa VªhxkMZ ds lkFk o{̀kkjksi.k dk dk;ZA 

7586680.00 7366666.28 07.02.2026 v{kr 
dUlVªD'ku

M 0.00 0.00 dk;Z izxfr 
ij

dqy ;ksx& 330919107.00 322674228.46 141081827.70
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ANNEXURE 5
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