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BEFORE THE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHI
ORIGINAL APPLICATION NO. 687/2023

IN THE MATTER OF:

AIR QUALITY INDEX IN VARIOUS CITIES & ORS.

INDEX

NO.

PARTICULARS

PAGE NO.

RESPONSE ON BEHALF OF THE DISTRICT
MAGISTRATE. FIROZABAD IN COMPLIANCE OF
THE ORDER DT. 26.11.2025 PASSED BY THE HON'BLE
NATIONAL GREEN TRIBUNAL

A COPY OF THE SAID LETTER DATED 12.01.2026 IS
BEING ANNEXED HEREWITH AS ANNEXURE-A

A COPY OF THE SAID SAS REPORT DATED 06.10.2025
IS BEING ANNEXED HEREWITH AS ANNEXURE-1.

A COPY OF THE LETTER DATED 08.11.2024 IS BEING
ANNEXED HEREWITH AS ANNEXURE-2

A COPY OF THE SAID LETTER DATED 12.12.2024 IS
BEING ANNEXED HEREWITH AS ANNEXURE-3

COPIES OF THE UTILIZATION CERTIFICATES OF
EACH YEAR FROM 2019 TO 2025 ALONG WITH THE
DETAILS OF WORKS SANCTIONED YEAR WISE ARE
BEING ANNEXED HEREWITH AS ANNEXURE-4.
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7. | ACOPY OF THE SAID COMPLIANCE REPORT DATED
30.05.2025 IS BEING ANNEXED HEREWITH AS
ANNEXURE-S.

THROUGH COUNSEL

o

BHANWAR PAL SINGH JADON
COUNSEL FOR DISTRICT MAGISTRATE, FIROZABAD
bhanwar(9jadon@gmail.com | 6375115224

DATE: 21.01.2026
PLACE: NOIDA
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BEFORE THE HON'BLE NATIONAL GREEN TRIBUNAL,
PRINCIPAL BENCH, NEW DELHI
ORIGINAL APPLICATION NO. 687/2023
WITH
ORIGINAL APPLICATION NO. 1228/2024

WITH

ORIGINAL APPLICATION NO. 646/2024

IN THE MATTER OF:

AIR QUALITY INDEX IN VARIOUS CITIES & ORS.

RESPONSE ON BEHALF OF THE DISTRICT MAGISTRATE,

FIROZABAD IN COMPLIANCE OF THE ORDER DT. 26.11.2025

PASSED BY THE HON’BLE NATIONAL GREEN TRIBUNAL

I, Ramesh Ranjan aged about 38 years S/o Mr. Nageshwar Prasad, presently

| posted as District Magistrate, Firozabad do hereby solemnly affirm and state on

PAGE N°'J'/“l'%‘a'fﬁ"a's“ﬁn dor
. No..mu."w“'. 000000088

DATED.. » A Al d%%
OTARY [ROZABAD | |
( 1. That I, the deponent in the above captioned matter am fully conversant with

facts of the case and is competent and authorized to swear the present
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2. That I state that the contents of the affidavit have been drafied by my counsel
on my instructions and the contents of the same are true to my knowledge and

nothing material has been concealed therefrom.

I. BACKGROUND OF THE MATTER

3. That this O.A was registered in suo moto exercise of powers on the basis of
the Air Quality Bulletins of CPCB posted on their website in respect of Air
Quality Index (AQI) for different cities from 20.10.2023 to 01.11.2023. The
said reports show that there are various cities where the air quality index has

dipped to “very poor” or even to “severe” stage.

PAGE No. 2\ ger

S :,NO.--.--..\Q.-cun-uouuc
DATED

the Hon’ble Tribunal directed the Deponent to file their reply/response. The
relevant portion of the order has been reproduced herein:

“2. Learned Amicus Curiae is permitted to implead the above cities through
their District Magistrates. Registry is directed to serve them. Let the cause
title of the OA be amended. The newly added Respondents can file their

response. Learned Amicus Curiea submits that a note along with the

suggestions has been filed today.
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3. Learned Amicus Curiae also submits that the concerned Respondents
should reflect as to why airshed approach should not be adopted for all
NCR State as has been adopted in the U.P. Learned Amicus Curiae has
submitted that the regulatory agencies such as CAQM and CPCB are
simply issuing the communications and letters and are not taking effective
steps for ensuring remediation of the problem at the ground level to
maintain ambient air quality. He submits that there is an emergent need to
complete the source apportionment study in the non-attainment cities and

prepare the city action plan for the improving of air quality in those cities.”

II. COMPLIANCE UNDERTAKEN

That in reference to the order of the Hon'ble Tribunal, Deponent has asked
) 1. “***the compliance report from Nagar Nigam, Firozabad vide Iletter

\“Q P LT LI LD
f a.....dx 12.01.2026. A copy of same is annexed as ANNEXURE-A.

% %_\,. WRAD

A. SOURCE APPORTIONMENT STUDY

5. It is submitted that Firozabad City has been identified as a Non- Attainment
i City under the National Clean Air Programme (NCAP). That to develop a
scientifically robust and evidence based strategy for air pollution control, An

oU was signed between Central Pollution Control Board (CPCB), U.P

Control Board (UPPCB) and Municipal Corporation on
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28.12.2021 for a “Source Apportionment Study” (SAS) for Firozabad
City. This study was conducted by the Indian Institute of Kanpur, which
was completed on 06.10.2025 and is currently under peer review at
government level and is expected to be completed by 28.02.2026.

A copy of the said SAS report dated 06.10.2025 is being annexed herewith as

ANNEXURE-1.

6. Air Quality Monitoring Data (Ambient Air Quality Monitoring Data,
Details of CAAQM Stations): - In the City Firozabad, 2 CAAQMS Online
Monitoring Stations are installed and connected with the CPCB server. As per
the baseline data 2019-2020 (PM-213kg/d), Firozabad city has achieved the

target which was set by MoEF&CC (PM>40%).

\‘)Jw‘,

et : "Q’ ¢ ool Jt s submitted that the improvement in PM10 is approximately 52% till FY
< L0 \f.."-.q ﬂ}f‘k“{D
2024-2025 and the PM10 is 103kg/d in the FY 2024-2025. The number of good

Fr
P

days in the FY 2024-2025 (April - December) are 262 days in observed 265
days and in the FY 2025-2026 (April - December) are 266 days in observed

day 266 days. Air Quality Monitoring Data table is below.
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YEAR ANNUAL AVERAGE PM10 |
2019-2020 213
2020-2021 186
2021-2022 137
2022-2023 106
2023-2024 102
2024-2025 102

. ﬂ YR eeresTiho details of the 2 existing CAAQM stations are as follows:
e
[ STATIYN NAME STATION CO- | YEAR OF
ORDINATE ESTABLISHMENT
Nagla Bhau 27.169739,78.378121 2021
Vaibhav Nagar 27.159879, 78.395541 | 2022

9. It is further submitted that 01 additional CAAQMS is under process of

Arez
Regn. v

" f0zabag
4390/07

installation at UPSIDA, Industrial Area, Jalesar Road, Firozabad.
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B. AIRSHED APPROACH

10. U.P Government has approved U.P Clean Air Management Project vide order
dated 08.11.2024 for year 2024-2025 to 2029-2030 of Rs.274153.04 Lac with
the finance of world bank for including Airshed of whole state of U.P and
Indo-Gangetic plain. A copy of the same is annexed as ANNEXURE-2
Further U.P Clean Air Management Authority has also been formulated vide

office order dated 12.12.2024. A copy of the same is annexed as

ANNEXURE-3,
PA GE I\o s .G.L\.)........

i68aspnceoovedeq

\; Sl 2e o ~CMS'IJACK EMMISSION REPORT

;J’v

11 As per Source Apportionment Study (SAS), in the limit of City Firozabad,
there are approximately 153 units with boilers and furnaces (electric and
melting furnaces) that contribute to particulate matter and gaseous emissions.
The industries are categorized based on stack heights as an area source (stack
height <15m) and as a point source (stack height>15m).

12. That further, all these industries are based on natural gas as fuel. The emission
load per day from the all kind of industries which are operating on natural gas
are contributing to air pollution like as PM10-137kg/d, PM2.5-137kg/d, SO2-

1063kg/d, NOx-2545kg/d and CO-1527kg/d.
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D. FUNDS RECEIVED AND UTILISATION REPORTS

YEAR | NCAP FUNDS NCAP FUNDS |NCAP FUNDS |
RELEASED (IN RECIEPT BY | UTILISED |
CRORES) CITY |

2019- [0.20 0.20 0

2020

2020- [ 1.90 1.90 0.008

2021

2021- [0 0 0

2022

2022- | 18.83 18.83 1.65

2023

2023- |26.85 26.85 21.34

2024

2024- |26.25 23.15

2025

2025- [0 2625 14.45

2026

TOTAL | 278.7
PERCENTAGE UTILIZATION | 82%
74.03 74.03 60.57

Copies of the Utilization Certificates of each year from 2019 to 2025 along with
the details of works sanctioned year wise are being annexed herewith as

ANNEXURE-4.

50r Adv,
Area Cish| Firgzg
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E. TTZ MEASURES UNDERTAKEN

13. That the Assistant Municipal Commissioner, Municipal Corporation,
Firozabad vide letter dated 30.05.2025 has informed the Vice Chairman, Agra
Development Authority the compliance report of the minutes of the 63"
meeting of the Taj Trapezium Zone Pollution.

14. It is submitted that in the said compliance report, the following compliances

have been undertaken:

i.  As per Government Order No. 390/TTZ (PMU)/NOTICE (SEC.5)/18,
under letter No. 755/SA.PRA./2020 dated 13.05.2020 issued by the
Assistant Divisional Transport Officer, Firozabad, only BS-VI category
CNG/LNG vehicles with a laden weight below 3000 kg have been
procured. In compliance thereof, within the Taj Trapezium Zone, 130
small CNG-operated vehicles have been purchased by the Municipal

Corporation, Firozabad for door-to-door solid waste collection.

ii. ~ Within the limits of the Municipal Corporation, Firozabad, the work of

JP—— the electric crematorium at Chharbagh near Swargashram has been

P eV e

A N ;"\\“\\‘ completed. Further, under the NCAP, the gas-based crematorium at
W

_.;%gkatya Nagar, Tapa Kalan on Bamba Bypass Road has been completed

 ' to 90%, and the remaining work is in progress. The work shall be

439010
.
NMQE/ AGE No@.lu-----

c “T"- . ooo'oz\’ilw..‘m..‘
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completed shortly. The operation of the gas-based crematorium has

been initiated during the winter season.

iii. An amount of %5,97,000.00 has been recovered as a penalty and
%18,26,450.00 as debris charges from registered contractors of the
Construction Department of the Municipal Corporation, Firozabad, for

non-compliance with the C&D Waste Management Rules, 2016.

iv.  Within the limits of the Municipal Corporation, Firozabad, the work of
the electric crematorium at Chharbagh Swargashram has been
completed, and under the National Clean Air Programme, a gas-based
crematorium is under construction at Satya Nagar, Tapakalan on Bamba

Bypass Road.

v. The Health Department of the Municipal Corporation, Firozabad is
carrying out cleaning of dust from roadside berms along approximately
60 km of roads with the help of two mechanized sweeping machines. In
addition, manual sweeping of the roadside berms is also undertaken. To

prevent dust from becoming airborne, water sprinkling is carried out

PAGE Now)-Mjuwrmncene
S NOuouu\-Qununu‘moou

DATED.... g o
NOTARY,FMW
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vi.  During the financial year 202425, the Construction Department of the
Municipal Corporation, Firozabad, under the National Clean Air
Programme, prepared a work plan for a total of 58 works within the
municipal limits, including end-to-end pavement roads, construction of
roads on carthen roads, road resurfacing for dust mitigation, green space
development, and Miyawaki plantations, involving a total proposed

amount of 32,86,41,869.

A copy of the said compliance report dated 30.05.2025 is being annexed

herewith as ANNEXURE-S.

15.That Firozabad City falls under TTZ area. As per orders of Hon’ble Supreme
Court, all the industries have been converted on natural gas as fuel. Besides
this15 brick kilns are operational on zig-zag/high draught technology in the
TTZ Area. At present No any kind of new industries or expansion of existing
industries is being permitted in TTZ Area of Firozabad.

16.That No tree felling is allowed in the TTZ Area, Firozabad without the leave
of Hon’ble Supreme Court.

17.That the deponent is fully committed to ensure strict adherence to the orders
of this Hon’ble Tribunal and undertakes to faithfully comply with any further

geections or instructions that may be issued by this Hon’ble Tribunal without

PAGE NO...o2yurresee
S.NOuseeedymyeessaasesasoracss

DATED.....n ..
NOTARY,F lf{kiz/t
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18. Hence, this reply is respectfully submitted for kind perusal of this Hon'ble

Tribunal.
19. That everything stated above is true and correct to My knowledge, derived

from official records, and nothing material has been concealed therefrom.

DEPONENT

VERIFICATION

Verified at on this day of January, 2026, that the

are true and correct

contents of the above affidavit from paragraphs 1 0 ___

to the best of my knowledge and belief, No part of it is false and nothing

material has been concealed therefrom.

DEPONENT
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Rva- wo W wRa aifdexo, = fieeh # RAREA Original Application No. 687/2023 Air

Quality Index in various Cities WITH original Application No. 1228/2024 News Item titled "{Janf':t
study links alarming mortality rates to poor air quality 12 strategies to combat country's alr
pollution crisis™ appearing in the Indian Express dated 13.09.2024 WITH Original Appllc_atlop No.
646/2024 News Item titled “How Partial Combustion Fuels Your Bad-Air Woes™ appearing in the
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feeelt & oo™ Original Application No. 687/2023 Air Quality Index in various Cities WITH
original Application No. 1228/2024 News Item titled “Lanct study links alarming mortality rates to
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Express dated 13.09.2024 WITH Original Application No. 646/2024 News Item titled “How
Partial Combustion Fuels Your Bad-Air Woes” appearing in the Times of India dated 02.05.2024 #
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LI, 2. Learned Amicus Curiae is permitted to implead the above cities through their District
Magistrates. Registry is directed to serve them. Let the cause title of the OA be amended. The newly
added Respondents can file their response. Learned Amicus Curiea submits that a note along with th;e
suggestions has been filed today. The Registry is directed to place it on record. Respondents are
directed to consider those suggestions and act upon them if there is no difficulty and file response to
them atleast three days before the next date of hearing. 3. Learned Amicus Curiae also submits that the
concerned Respondents should reflect as to why airshed approach should not be adopted for all NCR
State as has been adopted in the U.P. Learned Amicus Curiae has submitted that the regulatory
agencies such as CAQM and CPCB are simply issuing the communications and letters andsar i
taking effective steps for ensuring remediation of the problem at the ground level to maintain : i
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ANNEXURE 1

Comprehensive Source Apportionment, Emission
Inventory and Carrying Capacity for the City of
Firozabad, U.P.

Final Report

Submitted to
Uttar Pradesh Pollution Control Board (UPPCB), Lucknow

Mukesh Sharma, PhD and Pavan K. Nagar, PhD

Department of Civil Engineering
Centre for Environmental Science and Engineering

Indian Institute of Technology Kanpur, Kanpur- 208016

October 2025


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiGg6fN9KHhAhWKiXAKHQLRB7UQjRx6BAgBEAU&url=http://www.iitk.ac.in/che/&psig=AOvVaw3PM2s7Wfc728DOseI8gZqd&ust=1553761989433010

8134

Copyright © IIT Kanpur and Uttar Pradesh Pollution Control Board (UPPCB),
Lucknow (2025).

All rights reserved.
Disclaimer

This document is intended as the official report by Indian Institute of Technology
(IIT), Kanpur on ‘Comprehensive Source Apportionment, Emission Inventory and
Carrying Capacity for Firozabad U.P.” submitted to the Uttar Pradesh Pollution
Control Board (UPPCB), Lucknow. While every effort has been made to ensure the
correctness of data/information used in this Report, I[IT Kanpur does not accept any
legal liability for the accuracy, or inferences drawn from the material contained
therein or for any consequences arising from the use of this material. No part of this
report may be reproduced in any form (electronic or mechanical) without prior
permission from or intimation to the authors. No part of this report can be used for
any scientific publications in any journal, conferences, seminars, workshops, etc.,
without written permission from the authors.

The full Report should be referenced as follows:

Sharma M and Nagar P K (2025) “Comprehensive Source Apportionment, Emission
Inventory and Carrying Capacity for Firozabad U.P.” IIT Kanpur, Final Report
Submitted to Uttar Pradesh Pollution Control Board (UPPCB), Lucknow.

Text from this Report can be quoted provided the source is acknowledged.
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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 PM1o and PMz s, 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:

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

generation, small scale industries, etc.) in Firozabad city.
e Measure and chemically speciate particulate matter (PM) and other air pollutants.
e Perform receptor modelling to establish the source-receptor linkages for PM in ambient air.

e Identify various control options and assess their efficacies for air quality improvements and
development of control scenarios consisting of combinations of several control options.

e Select best control options from the developed control scenarios and recommend
implementation of control options in a time-bound manner.

e Assess atmospheric carrying capacity

This study has five major components (i) air quality measurements, (i) emission inventory,
(ii1) 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. PMio (particulate matter

il



8136

of size less than and equal to 10 pm diameter), PM2s (particulate matter of size less than and

equal to 2.5 pm 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. Site Latitude/
Sampling Site Land-use Type of Sources
No. Code | Jongitude
o D ts, vehicle, t,
1 Jain Mandir, JMDF 27.16°N, Commercial a(r}bze :/ V:fst: ) roljdrr(llilils
" | Firozabad 78.40°E garbage/w Hrning,
Restaurants
Gopinath Domestic cooking, vehicle,
5 College GCRF 27.14°N, Residential road. dust, garbage/MSW
Rasulpur, 78 40°F burning, Restaurants
Firozabad
St. Jhon Industries, DG sets, vehicle,
3. Industrial, SJIF 27.17°N, | Industrial road dust, garbage/industrial
Firozabad 78.37°E waste burning, Restaurants
Gauri Shankar Domestic cooking, vehicle,
4. Kotla, GSKF 27.17°N, | Residential road dust, garbage/MSW
Firozabad 78.41°E 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 PMio, PMa.s

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

Particulate pollution is the main concern in the city where PMio levels are 1.4 — 3.6 times

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

months and PMz:s levels are 1.0 — 4.7 times higher than the NAAQS in summer — winter

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

The chemical composition of PMio and PMa:s 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 - PMj

The overall average concentration of PM1o in winter season is 378+36 pg/m® against the
acceptable NAAQS level of 100 pg/m®. 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 PM1o 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 (NOs~ + SO42 + NH4"), which
account for about 16% of total PM1o 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 PMo.

The CI content in PM 0 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
ng/m’ compared to overall city level of 14.7 ug/m>. 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 - PMy 5

The overall average concentration of PMzs in winter is 283+28 pg/m® against the
acceptable level of 60 pg/m?®. The highest levels are observed at GCRF 318+70 pg/m’
and lowest at IMDF 253+64 pg/m?. This signifies high levels of PM2.5 all over the city.

The secondary particles (NOs~ + SOs2 + NHa4") account for 17% of total PM2s and
combustion related total carbon (TC = EC+OC) accounts for 20%; both secondary
particles and combustion related carbon are consistent contributors to PMa.s at about 37%.

Highest level of TC was observed at GCRF at 61.9 pg/m°.
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The CI" content in PM2s 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 - PMjg

The overall average concentration of PM1o in summer season was 138421 pg/m? against

the acceptable level of 100 pg/m?>.

The crustal component (Si + Al + Fe + Ca) accounts for about 24 percent of total PMio
in summer. This suggests airborne soil and road dust are the major sources of PMio
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 PMo).
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 (NOs~ + SOs2 + NH4"),
which account for 10 percent of total PM1o 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 NOs~, SO42, and

NH4". The combustion related contribution is relatively less in PMio in summer.

The CI" content in PMio 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 - PM5

The overall average concentration of PM25 in summer season is 61+4 pug/m* generally

within the acceptable level of 60 pg/m?>.

vi
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The crustal component (Si + Al + Fe + Ca) accounts for about 15% of total PM2s. This
suggests airborne soil and road dust is a significant source of PM2.s 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 PM2s and secondary particles (NOs~ + SO4> + NH4") accounts
for 13%; both fractions of secondary particles and combustion related carbons account
for a larger fraction in PM2.s than in PM1o. All three potential sources, crustal component,

secondary particles and combustion contribute consistently to PMz2.s in summer.

The CI" content in PM2 s 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

PMio. This is relatively lower in summer than in winter.
Potassium levels

In general potassium levels are moderate but consistent in PMio both in summer and
winter (1.02 to 3.63 ug/m®) and also in PM2.s (1.66 to 2.59 pg/m?). In general potassium
level in urban areas is less than 1.0 ug/m?. Potassium is an indicator of biomass burning
and high levels and variability (CV ~ 0.30) show significant biomass burning in summer

and winter.
NO; levels

NO:z levels in winter are higher than those in summer at all sites and the levels meet the
national air quality standard of 80 pg/m>. The highest NO2 levels were at IMDF (56.86
pg/m’), a commercial site. In addition, high levels of NO: are expected to undergo
chemical transformation to form fine secondary particles in the form of nitrates, adding
to high levels of existing PMio and PM2.s. SOz levels in the city were well within the air
quality standard.

General inferences

Levels of PM2s and NO:z 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/m?;
However, PAH levels in summer drop significantly to 33 ng/m>. The highest PAH levels

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

The concentrations of molecular markers in PM2 s (total of 6 compounds) are also higher
in winter (233 ng/m?) than in summer (71 ng/m?) indicating presence of common sources

of emissions from coal, gasoline and domestic fuel.

The total BTX levels are higher in winter (7.4 pug/m®) than in summer (5.12 pg/m?).
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 pg/m?).

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 PMio and PM25 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.

viii



8141

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

Sources PMip | PMas SO: 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 PMio emission load in the city is estimated to be 14687 kg/d. The top three
contributors to PM1o 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.

PM:.s emission load in the city is estimated to be 4427 kg/d. The top three contributors to PMaz.s
emissions are Road Dust (66%), Domestic (13%) and Vehicles (12%); these are based on

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

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

(14%) are the main sources of SOz 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%).
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PM,, = 14687 kg/day
Hotels, Restaurants
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Figure 1: PMy9 Emission load contribution of different sources
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Figure 2: PM2.5 Emission load contribution of different sources
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SO, = 1549 kg/day
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MSW Burning, 5, 0%
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Figure 3: SO; Emission load contribution of different sources
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Figure 4: NOx Emission load contribution of different sources

X1




8144

CO = 11569 kg/day

* Brick Kilns, 408, 4% = Domestic, 3157, 27%

= Vehicle, 5755, 50% '.

* Industries, 1527, 13%

MSW Burning, 396,
3%

Hotels, Restaurants
and GHs, 326, 3%

= Industrial DG Sets,
0.5, 0%

= Hospitals, 0.6, 0%

Figure 5: CO Emission load contribution of different sources
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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 PMio and PMa:s contributing to ambient air quality are different in

summer and winter.

- The winter sources (% contribution given in parenthesis for PMio — PMa2s 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 PM1o and PM2.s are generally the same.

- The summer sources (% contribution given in parenthesis for PMio — PMa2s 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 PMio
and PMas are generally the same.

The consistent presence of SIA, biomass burning and vehicles in PM1o and PMa.s 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 PMio— PMas. 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 PM1o and PM2.5in

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 PMio) 21%
(for PM25s). 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.

Contribution (pg/m3)

(a) PMso: Overall Source contribution

500
450 1 Vehicles
400 . = MSW Burning
350 e ® Soil and Road Dust
300 - . . M Construction Material
250 B Coal and Flyash
200 M Industrial
150 M Biomass Burning
100 HSIA

50

0
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b) PM,o: % Overall Source contribution
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Figure 11: Overall results of CMB modelling for PMio
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Figure 12: Overall results of CMB modelling for PM; 5
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PM.o: Winter Mean PMho: 378 ug/m* | PM,.c: Winter Mean PM.s: 283 pg/m?
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29.7% 3.2%
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Figure 13: City level source contribution to ambient air PM1o and PM: s levels

Dispersion Modelling
The major findings from the dispersion modelling are summarised below:

The highest 24-hour average was 165 pg/m? (1% December 2019), the monthly average PM2s

levels for the critical month (October) were 80 pg/m* and the annual average was 50 pg/m?.

From the annual average plots, it is seen that PM2s envelops a large area that gets elongated
along the prevailing downwind direction (S-E) within Firozabad city. The annual standard for

PM: s concentration (40 pg/m?) is exceeded in the area.

The city's highest contributing source for the critical day (1% 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.s contribution to

the city is given in Table 3.
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Table 3: Rank sources in different regions based on their contribution to PM; s

Rank 1 2 3 4 5 6 7 8 9 10
Brick . . . . . DG
Sources [Road dust Kiln Vehicle Domestic|HoteMSW burning|Construction|Industry|Hospital sets

Overall, the top contributors to PM2.s were road dust (59 %), brick kiln (15%), vehicles (11 %),
domestic sources (9 %), and hotels (4 %), shown in Figure 14 at the hotspot.

PM2.5 Percentage contribution of source-wise

Domestic Hotel MSW burning

9% \ 4% 1% __ Construction Industry

A 0%
Vehicle
11% /

Hospital
DG sets (9

0%

Figure 14: PM.s Percentage contribution of source-wise at the hotspot

Control Options and Actions

The detailed analysis of control options for PM is given in Chapter 6. The proposed control

options are summarized below in Table 4.
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Table 4: Control Options and Action Plan for City of Firozabad

Time Frame

Source Control Action Responsible authorities (within a
specified time)
All Restaurants small or large should not use coal and
shift to gas-based or electric (for sitting capacity of Municipal corporation Firozabad (MCF) 1 year
more than 15 persons) appliances.
Hotels/ Municipal corporation Firozabad, Department
Restaurants/ | Link Commercial license to clean fuel of Food, Civil Supplies and Consumer Affairs 1 year
Banquet Halls and Oil Companies (Indian Oil/HP, etc.)
Ash/residue from the tandoor and other activities
should not be disposed of near the roadside. Requires Municipal corporation Firozabad 1 year
ward-level surveillance.
LPG to all. Some of the populations are still using Department of Food, Civil Supplies and
wood, biomass and dung cake as cooking fuel, Consumer Affairs and Oil Companies (Indian 1 year
especially in surrounding areas of city. Oil/HP, etc.)
No new building complex or society be allowed Department of FOOd’ Clv.ﬂ Supphes. and .
. e Consumer Affairs and Oil Companies (Indian 2 years
Domestic Sector without a PNG supply distribution network Oil/HP, etc.)
By 2035, the city may plan to shift to electric cooking | Department of Food, Civil Supplies and
(common in western countries) or PNG at the Consumer Affairs and Oil Companies (Indian 5 -7 years
minimum, that is completing shifting from LPG Oil/HP, etc.)
Strengthening of grid power supply, uninterrupted State Energy Department, UPEBL 2 years

power supply to the residential areas.
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Time Frame

Source Control Action Responsible authorities (within a
specified time)
Renewable energy should be used to cater to the need
of residential houses requirements in the absence of State Energy Department, UPEBL 2 years
power failure to stop the use of DG Set.
Any type of garbage ‘F)urnlng shoulfi be strictly stopped. Municipal corporation Firozabad
Current waste collection and surveillance are poor.
Surveillance is required that hazardous waste goes to Municipal corporation Firozabad, UPPCB
TSDF.
Municipal Solid | Desilting and cleaning of municipal drains Municipal corporation Firozabad
Waste (MSW) | Waste including discarded packaging material burning | The U.P. State Industrial Development Immediate
Burning in Industrial areas should be stopped. Corporation Limited (UPSIDC), UPPCB
Daily, Monthly mass balance of MSW generation and Municipal corporation Firozabad
disposal and keep the record
Sensitize people and media through workshops and Municipal corporation Firozabad, UPPCB,
literature distribution so as not to burn the waste. and NGO
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 MCEF, Urban Development Department, PWD
Construction . o
and Demolition processing fa'cﬂlty . '
Proper handling and storage of raw material: covered Immediate

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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Time Frame

Source Control Action Responsible authorities (within a
specified time)
The actual constru.ctlon' area should be covered by a MCF, Urban Development Department, PWD
fine screen or vertical tin covers up to 6.0 m.
No storage (no matter how small) of construction
material near the roadside (up to 10 m from the edge of | MCF, Urban Development Department, PWD
the road)
Builders should leave 25% area for green belt in
residential colonies to b.e n'1ade ) MCF, Urban Development Department, PWD
mandatory. Haul roads inside large construction area be
brick roads.
Sensitize construction workers and contract agencies MCF, Urban Development Department,
through workshops. PWD, UPPCB, and NGO
The average silt load in Firozabad roads varies upto 8
g/m?. The silt load on each road should be reduced to MCEF, National Highway Authority, PWD,
under 2 gm/m?. Regular vacuum sweeping should be UPPCB (for silt load compliance)
done on the road having a silt load above 2 gm/m?.
Convert unpaved roads to paved roads. Maintain MCF, National Highway Authority, PWD,
pothole-free roads. Remove encroachment from the UPPCB to carry out surveillance
Road Dust paved shoulders Immediate

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.

MCEF, National Highway Authority, State
Forest Department, PWD
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Time Frame

Source Control Action Responsible authorities (within a
specified time)
Vacuum-assis.ted sweepir}g is carried qut four times a MCF, National Highway Authority, PWD
month on major roads with road washing.
Diesel vehicles entering the city should be equipped
with DPF which will bring a reduction of 40% in .
.. . . . . State Transportation Department 5 years
emissions (This option can be implemented with
vehicles of the BS-1V category as well)
Industries must be encouraged to use BS-VI or BS-1V . .
} ) i Industrial Associations and State transport )
(with DPF) vehicles for the transportation of raw and Immediate
, Department
finished products
Restrictiqn on' plying.and phasing out of 10 years old Transport Department 2 years
commercial diesel-driven vehicles
Restriction on the bike-operated commercial rickshas in
. the city and encourage to use CNG/electric vehicles for
Vehicles . o
commercial activities.
Introduction of cleaner fuels (CNG/ LPG) for all Department of Food, Civil Supplies and
vehicles (other than 2-W). All new 2-W may be Consumer Affairs and Oil Companies (Indian 2 years
mandated to be electric vehicles. Oil/HP, etc.)
Check t load: Expedited installation of weigh-in- .
moiicon Er(i)(;/ est:nd rri(zf::ehiil:s ;1;211 earlltlon (:)ir‘::: 1i%ltom Transport Department, Traffic Police, Six-months
) g P Firozabad, NHAI, Toll agencies
Firozabad.
Electric/Hybrid Vehicles should be encouraged; New
residential and commercial buildings to have charging )
Transport Department, RTOs Firozabad 1 year

facilities. All new city and school buses should be
electric.
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Time Frame
Source Control Action Responsible authorities (within a
specified time)

All intra and inter bus stops and their parking should be
rationalized to ensure more efficient utilization. The

T rt Department, RTOs Firozabad 1
depots should include well-equipped maintenance ransport Lepattment, S irozaba year
workshops and adequate charging stations.

Enf t of bus 1 keep 1 free fi
nforcement of bus lanes and keep lanes free from MCF, RTOs Firozabad I year

obstruction and encroachment.

Route rationalization: Improvement of availability by
rationalizing routes and fleet enhancement with RTOs Firozabad, Traffic Police, Firozabad 1 year
requisite modification.

IT systems in buses, bus stops, control centers, and
passenger information systems for the reliability of bus | RTOs Firozabad, Traffic Police, Firozabad 1 year
services and monitoring.

Movement of materials (raw and product) within the Transport Department, Firozabad, RTOs |

city should be allowed between 10 PM to 5 AM. Firozabad, Traffic Police, Firozabad yeat
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- Transport Department, Firozabad, RTOs 35 years
vehicle or on CNG. All new public transport should be | Firozabad, Traffic Police, Firozabad

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

be restricted in the city.

Incentivise and aggressively implement e-mobility

including requ1req chgrglng infrastructure. Strateglc Transport Department, Firozabad, RTOs

plan for EV charging infrastructure at each 3 km in 2 years

Fi Traffic Police, Fi
urban areas, 25 km on highways (both sides) and 100 trozabad, Traftic Police, Firozabad

km for buses and trucks and swappable battery stations.
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Time Frame
Source Control Action Responsible authorities (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
zjgst;c:;r;rs, who will have to build required vehicle Transport Department, Firozabad, HMDA, 2 years
.. ) ) ) RTOs Firozabad, Traffic Police, Firozabad
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.
Public transport to be strengthened with adequate
number of buses, route plan based on commute surveys | Transport Department, Firozabad, RTOs 25 years
and Mobile App based ticketing and seating system is Firozabad, Traffic Police, Firozabad
developed in all major cities
Ensur%ng famlssu?n standards in industries. Shifting of UPPCB, Industries Department
polluting industries.
Strict action to stop unscientific disposal of hazardous year
. . MCF and UPPCB
waste in the surrounding area
] There should be separate Treatment, Storage, and Industrial Associations, Industries
Industries and ) s 2 years
DG Sets Dlsposa}l Facilities (TSDF s) for hazardous waste. Department, UPPCB

Fndustr.lal waste burning should be stopped Industrial Associations, UPPCB Immediate
immediately
Following best practices to minimize fugitive emissions
within the industry premises, all leakages within the Industrial Associations, UPPCB Immediate
industry should be controlled
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Time Frame
Source Control Action Responsible authorities (within a
specified time)

Area and road in front of the industry should be the

s ) Industrial Associations, UPPCB
responsibility of the industry

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, | Department of Food, Civil Supplies and
Rise Husk, Wood, HSD, Furnace Oil, Waste, Firewood | Consumer Affairs and Oil Companies (Indian 2 years
and other dirty solid fuels which must be shifted to Oi1l/HP, etc.), Industrial Associations, UPPCB

natural gas and electricity. A regular surveillance
should be done frequently to identify illegal operations.

Multi-cyclones should be replaced by baghouses.
Ensure installation and operation of air pollution Industrial Associations, UPPCB 2 years
control devices in industries.

Diesel Generator Sets

Strengthening of grid power supply, uninterrupted

State E Department, UPEBL 2
power supply to the industries. ate Tnetgy Lepattinent, years
Renewable energy should be used to cater to the need
of office requirements in the absence of power failure Industrial Associations 2 years

to stop the use of DG Set.

Efficient recovery system for solvents in chemical
industries: The technologies suggest 95% recovery of | Industrial Associations, UPPCB 1 year
VOC:s is feasible and same may be adopted
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Time Frame
Source Control Action Responsible authorities (within a
specified time)

Strict action on roadside encroachment. Disciplined
movement of tempos to stop only at designated spots.
Action on driving in the wrong lane.

MCEF, RTOs Firozabad, Traffic Police,
Firozabad

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

. RTOs Firozabad, NHAI, Traffic Police,
vehicles from roads and create a system for speedy S Tirozaba rattic Fotiee

.. . . Firozabad
removal and ensure minimal disruption to traffic.

Decongestion of
gestl Synchronize traffic movements or introduce intelligent | RTOs Firozabad, NHAI, Traffic Police,

Roads in high .. . 1
oacs I Als traffic systems for lane-driving. Firozabad year
traffic areas o cchanized multi-story parking at bus stands, and bi
echanizec Mull-story parking at bus stands, and be | oo pirozabad, MCF, NHAL Traffic
commercial areas. Remove at least 50 percent of on- ) )
L. . Police, Firozabad
street parking in the city.
Identify traffic bottleneck intersections and develop a
smooth traffic plan. For example, Karku Kothi Tiraha, | RTOs Firozabad, MCF, Traffic Police,
Jain Temple Tiraha, Shanti Road Chauraha and New | Firozabad
Bypass Chauraha are the main bottlenecks for traffic.
P?rking policy in cong.este.d a.rerfls (high park.ing cost, at RTOs Firozabad, MCF, NHAL Traffic
city centers, only parking is limited for physically . .
Police, Firozabad
challenged people, etc).
The important points of congestion are Jain Temple RTOs Firozabad. Traffic Police 2 years

Tiraha and New Bypass Chauraha. Parking on these
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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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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 PMio and PMzs, 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.


https://en.wikipedia.org/wiki/Census
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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:

e Development of GIS-based gridded (0.5 km x 0.5 km resolution) emission inventory

for air pollutants PM1o, PM2.5, SO2, NO2, and CO.

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

questionnaires for vehicle technology, model, and engine capacity.



8177

e Monitoring of air pollutants PMio, PM25, SO2, NO2, and VOCs. Analyse collected
PMio and PM2s 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.

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

and secondary sources of air pollutants.

e Application of receptor model to establish source-receptor linkages of PMio, and PM2 s

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

e 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.

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

and recommendations for strengthening the capacity of board personnel.
e 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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Basemap ArcGIS: Map digitization and formation of thematic layers of maps
including 2 km x 2 km gridded map (e.g., population, road map)

l

Collection of source information activity data (e.g., population,

Line sources ——» fueluses, vehicle count etc.) and categorization of sources and
Point sources > development of GIS- based emission inventory for all pollutants
forthe baseyear(e.g., 2018)

l

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

|

Areasources —

Emission Factors ——»

Meteorology —» Air Quality simulation and reconstruction of sources of pollutants:
Performance evaluationof AERMOD modeland assessment of source
Topography ~——» contributions to each pollutanton a 24 hr basis of the base year

l

Chemical

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

Sour.ce ) ambient air sources profile data and reconstruction PM species

profiles

Meteorology — 5 1

Efficacy of possible control options: Air quality simulation by coupled
Topography —» AERMOD modelforthe base and the future (10tyear) and
Formulation of controlscenarios by combinations of control options

Meteorology — » 1
Efficacy of possible control scenarios: Air quality simulation
Topography —» by AERMOD modeland selection of Best Control Scenario

forthe future (5t year and 10t year)

|

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

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.
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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, PM1o and
PM250n a GIS platform.

1.4.3 Emission Source Profiles

Since source profiles for PMzs, 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 PMio and PM2.s 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 CMBS8.2 modelling for the source
apportionment study for PMio and PM2s 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 PMazs

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

. li it Latitude/
S S?mp ng Site Land-use Type of Sources
No. | Site Code | Jongitude
Jain 27 16°N DG sets, vehicle, road dust,
1. Mandir, JMDF 73 40°E’ Commercial | garbage/waste burning,
Firozabad ' Restaurants



http://www.cpcb.nic.in/National_Ambient_Air_Quality_%20Standards.php
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Gopinath Domestic cooking, vehicle,
11 o
College, GCRF 27.14°N, Residential road‘ dust, garbage/MSW
Rasulpur, 78.40°E burning, Restaurants
Firozabad
St. John Industries, DG sets, vehicles,
Industrial, | SJIF 27.17°N, | Industrial road dust, garbage/industrial
Firozabad 78.37°E waste burning, Restaurants
Gauri Domestic cooking, vehicle,
hank o t M
Shankar [ oqpep | 27017°N, | pegidential | 1080, dust,  garbage/MSW
Kotla, 78.41°E burning, Industrial
Firozabad

JMDF

SJIF

GCRF

GSKF

Figure 2.1: Photographs of Sampling Sites showing the physical features

10
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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. (1) gaseous sampling and (i1)

particulate matter (PM) sampling (PMio and PMa2.5). 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. PMio 4-Channel Speciation Sampler (4-CSS) Gravimetric
2. PMazs 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

11
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2 Molecular Gas chromatography- mass Mass spectromet
' Markers spectrometry (GC-MS) P Y
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 Analytical
matrix methods
PMi0/PM2.s Teflon filter paper. Gravimetric
El‘ements (Na, Mg, Al, Si, P, K, Ca, Cr, V, Mn, Fe, Co, Teflon filter paper ICP-MS
Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba and Pb)
- - - 2- + + + 2+
Ions (F-, CI, NOs", SO4~, K', NH4", Na", Mg~ and Teflon filter paper Ion-
Ca") chromatography
Carbon Analysis (OC, EC and Total Carbon) Quartz filter TOR/TOT method
(Prebaked at 600°C)

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 NOz, 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 II'T 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.

e 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.

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

methods, with their frequency.

12
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e 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 NO:z 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

Jain Mandir Firozabad (JMDF), Winter 2022

SEESEES RN R RN S S R Y E S S N\ e
Aol R O R IR A A At At It K I Il A o\l K
Zlzlzlzlzlzl=zl=zl=zl =zl ol o]l ol o
cloleollelelel|lolollellololo|l|lO|lO|loOo] O
Z1212(212(%2|Z|%|2|%]|8]4]|58]4]|5]4
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PMa s

OoC

EC

VOC

NO,

SO,

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

Gopinath College Rsulpur Firozabad (GCRF), Winter 2022
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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 (PM9, PM2.s)

Time series of 24-hr average concentrations of PMio and PMz s at JMDF are shown for winter
in Figure 2.3 and for summer in Figure 2.4. Average levels at this site were: PMa.s: 253+64
(winter) and 62+17 pg/m? (summer), and PMo: 354+91 (winter) and 142+42 pg/m? (summer).
The PMas levels were 4.2 times higher in winter and almost equal to the standard in the summer
season compared to the NAAQS (PMaz.s: 60 pg/m?). The PMio levels were 3.5 times higher in
winter and 1.4 times higher in the summer season compared to the NAAQS (PMio: 100 pg/m?).

In summer, PMzs5 levels drop significantly compared to PMio 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.:s-10).

The corresponding CPCB air quality index (AQI) is 480 (PMz25s) and 538 (PMio) for winter,
which falls in the category of severe. For summer maximum AQI was 203 (for PM2s) and 164

(for PMio), which falls in the category of poor.

16



38190
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Figure 2.3: PM Concentrations at JMDF, Winter
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Figure 2.4: PM Concentrations at JMDF, Summer
2.4.1.2 Gaseous pollutants

Time series of 24-hr average concentrations of SO2 and NO:z are shown for the winter (Figure
2.5) and summer (Figure 2.6) seasons. It was observed that SOz concentrations were low
(mostly < 3.0 ug/m®) and met the air quality standard. NO2 levels also meet the national
standard (80 pg/m®) with an average of 16 days at 5713 pg/m? in winter and 30+8 pg/m?’ in
the summer season. The summer concentration of NO2 dropped. NOz2 levels are meeting the
standard, it is still a matter of concern as NOz is largely attributed to vehicular pollution, which

is on the rise. Variation in NO: is due to variability in meteorology and the presence of
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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 png/m?® (Benzene: 0.60 and Toluene: 0.06 pg/m?) in winter and 2.41+1.82 pg/m?
(Benzene: 0.16 and Toluene: 0.08 pug/m®) in summer seasons. The BTX levels were higher

during winter than in the summer.

Gaseous: JMDF, Winter
—&— NQO; =@ S0y - Mean: NOz -=w=oee Mean: SO-
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Figure 2.5: SOz and NO; Concentrations at JMDF for Winter Season
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Figure 2.6: SOz and NO; Concentrations at JMDF for Summer Season
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Figure 2.7: VOCs concentration at JMDF
2.4.1.3 Carbon Content (EC-OC) in PM35

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to
TC are shown in Figure 2.8 (a) and (b) for winter and summer seasons. Organic carbon is
observed to be higher (winter: 33.00£10.35 and summer: 11.93+3.58 pug/m?) than the elemental
carbon (winter: 23.27+11.97 and summer: 3.86+0.90 pg/m?). 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, 0C2, 0C3, 0C4; OC, EC, TC with fractions OC1/TC, OC2/TC, OC3/TC and OC4/TC)
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.

(a) PM_..s: Carbon Content, JMDF (b) OC/TC B Winter ™ Summer
B Winter 0.45
50.00 0.40
o B Summer
= 0.35
£ 1000
&0 0.30
2 °
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= & 0.20
£ 2000 0.15
§ 0.10
g 10.00 i 0.05 l
0Cl 0C2 0OC3 0C4 OC EC OC1/TC OC2/TC OC3/TC OC4/TC

Figure 2.8: EC and OC Content in PM>s at JMDF

19



8193

2.4.1.4 PAHs in PM;;s

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 (83429 ng/m?) compared to the summer season (29+13 ng/m?). Major PAHs are
DmP (7.50 ng/m® and 18.82 ng/m?), AcP (5.44 ng/m’ and 5.3 ng/m®), DEP (6.94 ng/m* and

1.26 ng/m?) and Flu (8.84 ng/m?® and .96 ng/m®) in both winter and summer seasons.

PAHs

® Winter ® Summer

Concentration (ng/m?)
\*}
()

AR 2 2 B BSOS H R R AR a o
EXBEERE< LR L0 222 E 2z
) m @ A s X

A M

Figure 2.9: PAHs Concentrations in PM; s at JMDF
2.4.1.5 Molecular Markers in PM3 5

A total of six molecular markers analysed were: (i) 17a(H)-22,29,30-Trisnorhopane, (ii)
17a(H)21 o (H)-hopane, (iii)) 17p(H)21 B (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).
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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/m?® in winter and 69.14+34.13 ng/m? in summer. The presence
of significant quantities of molecular markers, especially hopanes, conclusively establishes the

contribution of CGD.

PMo:.s : Molecular Markers, JMDF

W LN

Conc. (ng/m?)

Tritriacontane
Hentriacontane
Pentriacontane
17 B(H) 21
B(H) hopane
17 a(H) 21
a(H) hopane

17 a(H) - 22,29,30
- Trisnorhopane

Figure 2.10: Molecular Markers in PM; s at JMDF
2.4.1.6 Chemical Composition of PM19 and PM:s and their correlation

Graphical presentations of chemical species are shown for the winter and summer seasons for
PMio (Figure 2.11) and PM2 s (Figure 2.12). Statistical summary (Mean, maximum, minimum,
standard deviation (SD) and coefficient of variation (CV)) for particulate matter (PMio and
PM2: ), its chemical composition [carbon content (EC and OC), ionic species (F~, Cl, NOs",
SO472, Na*, NH4*, K*, Ca™, Mg*?) 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)] along with mass percentage (% R) recovered from

PM are presented in the Table 2.16 - Table 2.19 for the winter and summer seasons.

The correlation between different parameters (i.e. PM, TC, OC, EC, F~, CI", NOs~, SO472, Na*,
NH4*, K*, Ca*™?, Mg and Metals (elements) with major species (PM, TC, OC, EC, NOs~, SO472,
NHa4*, Metals) for PMio and PM2.s composition is presented in Table 2.20 - Table 2.23 for both
seasons. It is seen that most of the parameters showed good correlation (>0.30) with PM1o and
PM:s. The percentage constituents of the PM are presented in Figure 2.13 (a) and (b) for the

winter season and Figure 2.14 (a) and (b) for the summer season.
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Figure 2.11: Concentrations of species in PM19 at JMDF
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Figure 2.12: Concentrations of species in PM s at JMDF
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Figure 2.13: Percentage distribution of species in PM at JMDF for Winter Season
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Figure 2.14: Percentage distribution of species in PM at JMDF for Summer Season
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2.4.1.7 Comparison of PM19 and PM; s Composition

This section presents some important observations from the experimental findings related to
fine particles and PMio concentrations. The graphical presentation is a better option for
understanding the compositional variation. Compositional comparison of PM2.5 vs PMio for all

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

The chemical species considered for the comparisons are carbon content (TC, OC and EC),
ionic species (F~, Cl7, NOs~, SOs72, Na', NH4*, K*, Ca™, Mg*?) 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*, Ca?", Mg?*, Na, and Mg, whereas major species

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

Composition: JIMDF = Winter ®Summer

PM, ./PM,, (%)

5
|
|
|
|
|

m—
m—
E— ] [
-

m— [

TC
ocC
EC

E-
S0,72
NHz*
K

M gﬂ
Mg
Al

Si

Ca
Mn
Fe
Cu
Zn
Sr
cd
Pb

Figure 2.15: Compositional comparison of species in PM»s5 Vs PMy9 at JMDF
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Table 2.12: Statistical results of gaseous pollutants (ug/m?) 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 SOz 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 (ug/m®) in PM,.s at JMDF for Winter (W) and summer (S) seasons

JMDF (W)|[ PMazs TC OC EC OC1 0C2 0C3 0OC4 |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) [ PMa2s TC OC EC OC1 0C2 0C3 0OC4 |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/m?) in PM>.s 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| 291 | 5.67 | 1.51 | 434 | 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 13.4419.32|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

JMDFEF (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/m®) in PM;.s at JMDF for winter (W) and summer (S) seasons

. . . 17 B(H) 17 a(H) 17 a(H) - 22,29,30 -
JMDF (W) [Tritriacontane [Hentriacontane |Pentriacontane A0 s |PIe(E) fopmns |Hismaiommme 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
Ccv 1.04 1.14 1.21 0.18 0.18 0.41 1.00
. . . 17 B(H) 17 a(H) 17 a(H) - 22,29,30 -
JMDF (S) [Tritriacontane|Hentriacontane [Pentriacontane RIT(ED) Tapens |Pile(e) hopmns |Ismeriomme 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
Ccv 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 (ug/m®) of PM;o at JMDF for winter (W) season

JMDF (W) | PMw | OC | EC | F Cl | NOs | SO«* | Nat | NH¢ | K* | Mg? | Ca? | 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 4.8 545 | 342 14.79 40.22 | 0.73 4.19
SD 94 14.8 | 144 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 | 595 2.8 16.9 36.8 31.0 6.3 18.4 4.2 3.0 6.9 841 | 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 0.35 020 | 0.64 | 0.29 | 032 | 0.60 0.29 0.29 0.83 0.19
JMDF (W) Ca Cr \% 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 | 045 0.06 | 0.05 | 0.98 0.02 0.17 0.86 | 66.49
SD 332 | 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 | 036 | 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 030 | 046 | 033 | 043 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 (ug/m?) of PMa.s at JMDF for winter (W) season
JMDF (W) | PM.s | OC EC F- CI- | NOs | SOs2 | Na* | NHs | K* | Mg? | Ca? | 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 | 1026 | 28.16 | 047 | 297
SD 64 104 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 | 033 | 0.62
Max 354 61.4 494 2.2 11.3 28.3 24.3 4.6 12.9 33 1.6 5.1 5.91 4.14 | 1448 | 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 \ 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 | 032 | 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 | 046 | 0.02 | 0.01 0.02 | 0.01 0.03 0.00 | 0.02 | 0.23 | 649
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 | 043 0.86 | 0.38 | 0.02
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Table 2.18: Statistical results chemical characterisation (ug/m?) of PMy9 at JMDF for summer (S) season

JMDF (S) | PMiwo | OC EC F- Cl” | NOs | SOs2 | Na* | NHs | K* | Mg? | Ca? | 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 33 0.5 2.0 0.4 0.3 0.7 0.63 0.81 291 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 3.13 112.09 | 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 | 037 | 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
JMDE(S) | Ca Cr \% Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 5.00 0.18 0.02 | 0.12 | 402 | 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 | 145 0.01 0.01 0.08 0.43 0.01 0.36 0.02 | 0.02 0.61 0.07 | 0.04 | 047 3.19
Max 7.30 0.44 0.03 | 0.23 | 593 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 | 036 | 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 (ug/m?) of PM; s at JMDF for summer (S) season

JMDF (S) | PM2.s | OC EC F- CI” | NOs | SO42 Na* | NHs | K* Mg'? Ca' Na Mg Al Si P K
Mean 62.00 | 11.93 | 3.86 | 0.25 | 4.15 | 2.63 4.20 094 | 1.78 | 0.57 0.31 0.61 1.25 0.91 1.86 4.89 0.17 0.76
SD 1697 | 3.58 | 0.90 | 0.07 | 1.65 | 0.79 1.92 023 | 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 | 548 | 046 | 7.50 | 3.95 7.22 1.45 | 448 | 0.90 0.63 1.02 1.85 1.99 3.31 9.73 0.31 1.26
Min 3477 | 5.57 | 226 | 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
(9% 0.27 | 030 | 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
JMDE (S) | Ca Cr \Y% 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 045 | 0.03 | 0.00 | 0.01 | 046 | 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
CvV 034 | 059 | 035 | 045 | 042 | 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 PMjo and its composition at JMDF for the winter season

JMDF (W) PMio TC 0oC EC F- Cl- NOs~ SO42 Na* NH4* K* Mg* Ca? | Metals
PMio 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
NOs~ -0.77 -0.10 1.00 0.75 -0.39 0.82 0.26 -0.48 0.75 0.76
SO042 -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 PM»s and its composition at JMDF for the winter season

JMDF (W) PM:.s TC ocC EC F- Cl- NOs~ SO42 Na* NH.4* K* Mg* Ca®? Metals
PM..s 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
0oC 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
NOs~ -0.71 -0.04 1.00 0.91 -0.21 0.91 0.44 -0.39 0.87 0.89
SO42 -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 PMjo and its composition at JMDF for the summer season

JMDEF (S)

PMio

TC

oC

EC

F- CI NOs- SO+ Na* NH4* K* Mg*™ Ca* Metals
PMio 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
NOs~ -0.11 0.47 1.00 0.35 0.11 0.57 0.36 0.35 0.52 0.50
SO42 -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 PM:s and its composition at JMDF for the summer season

JMDF (S) | PM:.s TC ocC EC F- Cl- NOs~ S04 Na* NH.4* K* Mg | Ca® Metals
PM:.s 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
NOs~ 0.01 0.52 1.00 0.42 0.08 0.59 0.33 0.38 0.60 0.69
S04 -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 (PMi9, PM2.s)

Time series of 24-hr average concentrations of PMio and PMa2s at GCRF are shown for winter
(Figure 2.16) and summer (Figure 2.17). Average levels at this site were: PMas: 318+70
(winter) and 67+15 pg/m? (summer), and PMo: 429+75 (winter) and 155+34 pg/m? (summer).
The PM2:s levels were 5.3 times (higher) in winter and 1.1 times (higher) in the summer season
compared to the NAAQS (PM2.5: 60 pg/m?). The PMo levels were 4.3 times (higher) in winter
and 1.6 times (higher) in the summer season compared to the NAAQS (PMio: 100 pg/m?).

In summer, PM2:s levels drop significantly (lies within the NAAQS) compared to PMio 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 (PMo) for winter,
which falls in the category of severe. For summer AQI is 210 (for PM2s) and 165 (for PMo),
which falls in the category of poor.

PM: GCRF, Winter

—+—=PMw = cecee Mean PMio AAQS:PMio
=—+—PMos = cececee Mean PM:.s AAQS:PM:.s

Concentration (ug/m?)

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

=—+—=PMp = ccccee Mean PMio AAQS:PMio
==—PM>os = cececee Mean PM:.s AAQS:PMaz.s
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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 SOz and NO2 are shown for the winter (Figure
2.18) and summer (Figure 2.19) seasons. It was observed that SOz concentrations were low
(mostly < 3.0 ug/m®) and met the air quality standard. NO2 levels also meet the national
standard (80 pg/m?) with an average of 15 days at 43+9 pg/m? in winter and 22+8 pg/m? in the
summer season (Table 2.24). The summer concentration of NOz2 slightly dropped. NO: levels
are meeting the standard; it is a matter of concern as NOx2 is largely attributed to vehicular
pollution, which is on the rise. Variation in NO: 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 pug/m® (Benzene: 0.50 and Toluene: 0.04 pg/m?) in winter and 11.42+5.85 pg/m’
(Benzene: 0.31 and Toluene: 0.05 pg/m®) in summer seasons. The BTX levels were higher

during the summer than in the winter.
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Figure 2.18: SO; and NOz Concentrations at GCRF for Winter Season
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Figure 2.19: SO; and NO; Concentrations at GCRF for Summer Season
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Figure 2.20: VOCs concentration at GCRF
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2.4.2.3 Carbon Content (EC/OC) in PM2s

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 pg/m3) than the elemental
carbon (winter: 22.27+6.98 and summer: 7.12+4.17 pg/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,
0C2, 0C3, 0OC4; 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.

(a) PM..s: Carbon Content, GCRF (b) OC/TC m Winter
60.0 - B Winter 0.30 - B Summer
- B Summer
g 50.0 A 0.25 -
~
2
= 40.0 - 0.20 -
= =]
£ 300 S o1s
=4 . b . b
g &
S 200 0.10 -
()
=
S 100 A 0.05 -
0.0 - 0.00 —;L . . .
OCl 0C2 0C3 o0c4 OcC EC 0C1/TC 0C2/TC 0OC3/TC 0C4/TC

Figure 2.21: EC and OC Content in PM; 5 at GCRF
2.4.2.4 PAHs in PM2s

The concentrations of PAHs (from solid phase only) with some specific markers were analysed.
Figure 2.22 shows the average measured concentration of PAHs at GCRF for winter and
summer seasons. A statistical summary of PAHs is presented in Table 2.26 for winter and
summer seasons. The PAHs compounds analyzed were: (i) Di methyl Phthalate (DmP), (ii)
Acenaphthylene (AcP), (ii1) 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 (99+44 ng/m?) compared to the summer season (39+25 ng/m?). Major PAHs are
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Phe (8.30 ng/m® and 0.72 ng/m?), DEP (4.03 ng/m® and 1.24 ng/m®) and AcP (8.12 ng/m® and

6.38ng/m?) in winter and summer seasons.

~ PAHs
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Figure 2.22: PAHs Concentrations in PM3sat GCRF
2.4.2.5 Molecular Markers in PM» s

A total of six molecular markers analysed were: (i) 17a(H)-22,29,30-Trisnorhopane, (ii)
170(H)21 o (H)-hopane, (iii)) 17p(H)21 B (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/m? in winter and 158.01+172.73 ng/m? in summer. The presence

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

contribution of CGD.
PM..s : Molecular Markers, GCRF
140
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Figure 2.23: Molecular Markers in PM»s at GCRF
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2.4.2.6 Chemical composition of PM19 and PM: s and their correlation matrix

Graphical presentations of chemical species are shown for the winter and summer seasons for
PMio (Figure 2.24) and PMa.s (Figure 2.25). Statistical summary for particulate matter (PMio
and PM2 ), 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~, CI", NOs~, SO472 Na*,
NH.4*, K*, Ca*2, Mg and Metals (elements) with major species (PM, TC, OC, EC, NOs~, SO472,
NH.4*, Metals) for PMio and PM2.s 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 PM1o and
PMa.s. 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.

PM;o: Chemical Composition, GCRF

100.00

B Winter B Summer

10.00

1.00

0.10
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0.01

0.00

Chemical Species

Figure 2.24: Concentrations of species in PMj9 at GCRF

PM,.s: Chemical Composition, GCRF
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Figure 2.25: Concentrations of species in PM5 at GCRF
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Figure 2.26: Percentage distribution of species in PM at GCRF for Winter Season
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(b) PM,.5: % Chemical composition, Summer, GCRF
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Figure 2.27: Percentage distribution of species in PM at GCRF for Summer Season

2.4.2.7 Comparison of PM19 and PMs Composition

This section presents some important observations from the experimental findings related to
fine particles and PMio concentrations. The graphical presentation is a better option for

understanding the compositional variation. Compositional comparison of PM2.5 vs PMio 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~, Cl7, NOs~, SOs72, Na', NH4*, K*, Ca™, Mg*™) 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, NOs~, SO472, Na*, NH4", K*, V, Zn and Pb, whereas

major species contributing to coarse mode are Ca**, Mg?*, Al, Si, Ca, Cr, Fe and Ni.
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Figure 2.28: Compositional comparison of species in PM25 Vs PM;9 at GCRF
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Table 2.24: Statistical results of gaseous pollutants (ug/m?) 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
GCREF (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 (ug/m®) in PM.s at GCRF for Winter (W) and summer (S) seasons

GCRF (W) | PMazs TC oC EC OC1 0oC2 0C3 oc4 OCI/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) | PMas TC oC EC OCl1 0C2 0C3 0cC4 OCI/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
Ccv 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/m?) in PM>.s at GCRF for winter (W) and summer (S) seasons

(}(gN%F DmP | AcP | DEP | Flu Phe Ant Pyr | BbP | BeA |B(a)A| Chr | B(b)F | B(k)F | B(@P | InP |D(a,h)AB(ghi)P I;FXEIS
Mean | 1.99 | 8.12 | 4.03 | 8.63 | 830 | 10.04 | 573 | 1.68 | 426 | 475 | 820 | 828 | 3.17 | 7.47 | 598 | 0.13 | 8.23 | 99.00
SD | 069 | 451 | 2.74 | 7.41 | 340 | 427 | 362 | 1.34 | 146 | 438 | 457 | 872 | 2.83 | 559 | 5.96 | 0.06 | 7.56 | 44.46
Max | 321 | 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 | 117 | 133 | 011 | 071 | 1.98 | 573 | 068 | 055 | 2.04 | 0.85 | 0.60 | 0.58 | 032 | 0.49 | 0.03 | 0.03 | 0.21 | 31.90
Cv | 034 | 056 | 068 | 0.86 | 041 | 0.43 | 063 | 0.80 | 0.34 | 0.92 | 0.56 | 1.05 | 0.89 | 0.75 | 1.00 | 0.47 | 0.92 | 0.45
G(CSI){F DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA |B(a)A| Chr | B(b)F | BK)F | B@P | InP [D(ah)AB(ghi)P PTX;?S
Mean | 26.17 | 638 | 124 | 022 | 072 | 0.3 | 110 | 1.03 | 131 | 020 | 020 | 0.17 | 0.16 | 027 | 000 | 0.02 | 0.18 | 39.49
SD | 2460 | 159 | 103 | 021 | 063 | 0.8 | 080 | 1.80 | 069 | 004 | 016 | 0.17 | 027 | 0.17 | 000 | 0.05 | 0.05 | 2538
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 | 127 | 426 | 001 | 000 | 0.00 | 002 | 009 | 0.06 | 0.60 | 014 | 0.10 | 004 | 0.04 | 0.04 | 0.00 | 000 | 0.11 | 852
v | 094 | 025 | 083 | 100 | 088 | 141 | 073 | 175 | 053 | 022 | 081 | 104 | 170 | 0.64 DIV 265 | 026 | 0.64
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Table 2.27: Statistical results of molecular markers (ng/m®) in PM,.s at GCRF for winter (W) and summer (S) seasons

. . . 17 B(H) 17 a(H) 17 a(H) - 22,29,30 -
GCRF (W) [Tritriacontane  [Hentriacontane Pentriacontane b 1B(H). hopane ) o (e r— 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
Ccv 0.41 0.37 0.34 0.30 0.14 0.66 0.32
. . . 17 B(H) 17 a(H) 17 a(H) - 22,29,30 -
GCREF (S) [Tritriacontane  |Hentriacontane Pentriacontane b 1B(H).hopane bilea)) Tojsains (e 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
CcvV 1.45 1.01 1.05 0.40 0.37 0.41 1.09
Table 2.28: Statistical results of chemical characterisation (ug/m®) of PM;o at GCRF for winter (W) season
GCRF (W) PMw | OC | EC | F Cl | NOs | SO«2 | Na* | NHe | K* | Mg? | Ca? | 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 | 4798 | 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 525 753 | 414 | 0.7 29.2 47.5 413 3.8 20.1 2.9 0.3 9.1 4.02 | 0.86 | 21.20 | 62.09 | 0.13 | 5.34
Min 271 315 | 145 | 03 9.0 19.7 8.0 0.9 3.6 1.5 0.1 1.4 1.09 | 0.26 | 10.32 3441 | 0.07 | 2.18
CV 0.18 0.23 | 0.31 | 0.24 0.28 0.26 0.29 047 | 037 | 020 | 0.50 | 0.38 | 0.42 | 0.36 0.22 0.18 0.19 | 0.24
GCRF(W) Ca Cr Vv Mn Fe Co Ni Cu /n As Se Rb Sr Cd Cs Ba Pb % R
Mean 1830 | 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 | 036 | 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 | 436 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 0.90 022 | 042 | 062 | 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 (ug/m3) of PM,.s at GCRF for winter (W) season

GCRF (W)| PMb..s ocC EC F- CI- | NOs | SO«2 | Na* | NHs | K | Mg? | Ca? | 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 65 | 76 | 06 | 39 | 03 | 0.1 12 | 080 | 0.17 | 2.74 | 880 | 0.02 | 0.66
Max 419 52.7 343 0.5 223 37.1 35.2 2.7 15.1 23 0.3 6.5 3.63 0.80 | 1491 | 48.27 | 0.09 | 4.18
Min 155 221 | 120 | 03 8.8 147 | 72 | 08 | 33 1.3 | 0.1 1.1 | 0.86 | 025 | 484 | 14.88 | 0.03 | 1.70
CvV 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 \Y% Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean | 13.19 | 0.02 | 000 | 0.03 | 10.62 | 0.01 | 0.00 | 0.04 | 0.75 | 0.05 | 029 | 0.01 | 0.01 | 093 | 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 | 092 | 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 | 0.03 037 | 0.02 | 0.06 | 0.00 | 0.00 | 0.13 0.01 0.01 0.23 | 66.1
Ccv 0.27 0.53 0.24 0.34 0.34 0.21 1.00 | 0.24 | 041 0.61 1.08 | 0.23 0.17 | 0.99 | 031 039 | 0.83 | 0.02
Table 2.30: Statistical results chemical characterisation (ug/m?) of PMyy at GCRF for summer (S) season
GCRF (S) | PMw | OC EC FF | CI' | NOs | SOs2 | Na* | NHst | K | Mg”? | Ca2 | Na | Mg Al Si p K
Mean 155 19.5 8.6 0.4 7.1 4.8 53 1.6 33 1.2 0.5 23 2.18 1.58 7.73 120.75 | 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 0.78 222 | 626 | 0.17 0.31
Max 198 29.3 20.5 0.6 | 104 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 0.9 144 | 0.87 | 3.29 | 835 | 0.08 1.31
Ccv 0.23 | 0.35 0.59 | 032 | 0.23 | 0.31 0.35 0.27 028 | 0.18 | 049 | 030 | 026 | 049 | 029 | 030 | 0.52 | 0.18
GCREF (S) Ca Cr \Y Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 544 | 0.13 0.02 | 0.12 | 446 | 0.03 0.04 0.19 092 | 002 | 054 | 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 0.14 047 | 001 | 048 | 0.01 | 0.02 | 029 | 022 | 031 | 0.56 | 3.28
Max 7.90 | 0.29 0.02 | 022 | 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 232 | 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
Ccv 0.30 | 0.62 041 | 0.57 | 0.29 | 0.56 1.48 0.70 0.51 031 | 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 (ug/m?) of PM,.s at GCRF for summer (S) season
GCREF (S) | PMzs | OC EC F- | CI" | NOs | SOs2 | Na* | NHs | K* Mg* Ca® Na Mg Al Si P K
Mean 66.72 | 13.63 | 7.12 | 0.25 | 4.00 | 2.74 3.02 097 | 1.80 | 0.73 0.31 0.67 1.28 0.92 1.87 4.81 0.10 | 0.98
SD 15.04 | 483 | 4.17 1 0.09 | 0.99 | 0.98 1.15 0.36 | 049 | 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 4588 | 6.60 | 3.07 | 0.09 | 1.48 | 1.13 1.64 0.53 | 097 | 051 0.15 0.36 0.68 0.39 0.87 2.33 0.04 | 0.65
CV 0.23 0.35 | 0.59 1 035]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
GCREF (S) Ca Cr \Y Mn | Fe Co Ni Cu /n As Se Rb Sr Cd Cs Ba Pb % R
Mean 144 | 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 040 | 0.02 | 0.00 | 0.02 | 035 | 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 028 | 0.60 | 042 | 0.59 | 033 | 0.56 242 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 PMjo and its composition at GCRF for winter season
GCRF (W) | PMo TC oC EC F- Cl NOs | S04 Na* NH.* K* Mg Ca” | Metals

PMio 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

NOs- 0.03 0.37 1.00 0.37 -0.18 0.60 0.78 -0.02 -0.12 0.51

SO42 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 PM: s and its composition at GCRF for winter season

GCRF (W) PM:.s TC ocC EC F- Cl NOs | SOs2 Na* NH.* K* Mg* Ca? | Metals
PM..s 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
OoC 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
NO;~ 0.21 0.33 1.00 0.72 0.12 0.74 0.64 -0.03 -0.29 0.77
SO42 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 PMj and its composition at GCRF for summer season
GCRF (S) | PMuo TC ocC EC F- Cl- NO; N Na* NH.* K* Mg* Ca™ Metals

PMio 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

NOs~ 0.31 0.71 1.00 0.32 0.29 0.16 0.51 -0.49 0.51 0.49

SO42 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 PM: s and its composition at GCRF for summer season

GCRF(S) | PMzs | TC ocC EC F- Cl_ | NOs | SO:2 Na* | NHs K Mg? | Ca® Metals
PM..5 1.00 | 076 | 073 | 071 | -0.08 | 031 0.29 0.74 0.11 062 | 062 | -008 | 058 0.65
TC 1.00 | 095 | 093 | -041 | 025 | -0.23 039 | 024 | 041 031 | 001 | 004 0.03
oC 1.00 | 077 | -0.51 | -034 | -0.29 0.45 032 | 050 | 028 | 002 | 0.06 -0.02
EC 1.00 | -024 | -0.11 | -0.13 027 | -0.11 | 025 | 031 | 001 | 0.02 0.09
NOs- 041 | 066 | 1.00 0.07 052 | -0.01 | 048 | -031 | 0.64 0.74
SO, 2 0.10 | 036 1.00 009 | 065 | 048 | 0.17 | 047 0.65
NH.+ -0.39 | 0.09 020 | 1.00 | 039 | -0.19 | 044 0.40
Metals 043 | 084 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 (PM9, PM2.s)

Time series of 24-hr average concentrations of PMio and PMzs at SJIF are shown for winter
(Figure 2.29) and summer (Figure 2.30). Average levels at this site were: PM2.s: 291+100
(winter) and 5615 pg/m? (summer), and PMo: 379+96 (winter) and 148+59 pg/m? (summer).
The PMzs levels were 4.8 times (higher) in winter and in compliance in the summer season
compared to the NAAQS (PM2.5: 60 ng/m?). The PMo levels were 3.8 times (higher) in winter
and 1.5 times (higher) in the summer season compared to the NAAQS (PMio: 100 pg/m?).

In summer, PM2s levels drop significantly compared to PMio 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.s-10). PMio levels show a rise in concentration compared to winter seasons.

The corresponding CPCB air quality index (AQI) is 544 (PM2.:s) and 544 (PMo) for winter,
which falls in the category of severe. For summer AQI is 193 (for PM2s) and 236 (for PMo),
which falls in the category of poor.

PM: SJIF, Winter

—+—=PMw = cecee Mean PMio AAQS:PMio
=—+—PMos = cececee Mean PM:.s AAQS:PM:.s
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Figure 2.29: PM Concentrations at SJIF, Winter
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PM: SJIF, Summer
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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 SOz and NO2 are shown for the winter (Figure
2.31) and summer (Figure 2.32) seasons. It was observed that SOz concentrations were low
(mostly < 3.0 ug/m®) and met the air quality standard. NO2 levels also meet the national
standard (80 pg/m?) with an average of 15 days at 56+15 pug/m? in winter and 29+7 pug/m? in
the summer season (Table 2.36). The summer concentration of NO2 dropped; NOz2 levels are
meeting the standard, but it is a matter of concern as NO: is largely attributed to vehicular
pollution, which is on the rise. Variation in NO: 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 pg/m* (Benzene: 0.77 and Toluene: 0.23 pg/m?) in winter and 3.53+0.72 pg/m?
(Benzene: 0.32 and Toluene: 0.05 pg/m®) in summer seasons. The BTX levels were higher

during winter than in the summer.
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Gaseous: SJIF, Winter
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Figure 2.31: SO; and NO; Concentrations at SJIF for Winter Season
Gaseous: SJIF, Summer
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Figure 2.32: SO; and NO; Concentrations at SJIF for Summer Season
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Figure 2.33: VOCs concentration at SJIF
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2.4.3.3 Carbon Content (EC/OC) in PM35

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 pg/m?) than the elemental
carbon (winter: 19.33+9.89 and summer: 3.65+1.8 pg/m?). 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,
0C2, 0C3, 0OC4; 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.

(a) PM..s: Carbon Content, SJIF (b) OC/TC :

- ® Winter
~ 500 - W Winter 0.40 ~ B Summer
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Figure 2.34: EC and OC Content in PM3 s at SJIF
2.4.3.4 PAHSs in PM2_5

The concentrations of PAHs (from solid phase only) with some specific markers were analysed.
Figure 2.35 shows the average measured concentration of PAHs at SJIF for winter and summer
seasons. A statistical summary of PAHs is presented in Table 2.38 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 (7933 ng/m?) compared to the summer season (29+28 ng/m?). Major PAHs are
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Dmp (5.54 ng/m® and 7.81 ng/m?), Phe (9.45 ng/m® and 5.37 ng/m?) and AcP (7.07 ng/m? and

5.79 ng/m®) in both winter and summer seasons.

PAHs

18 T B Winter ® Summer

Concentration of PAHs (ng/m?)

DmP
AcP
DEP
Flu
Phe
Ant
Pyr
BbP
BeA
Chr

B(a)A

B(b)F
B(k)F
B(a)P

InP

D(a,h)A

B(ghi)P

Figure 2.35: PAHs Concentrations in PMz.sat SJIF

2.4.3.5 Molecular Markers in PM3 s

A total of six molecular markers analysed were: (i) 170(H)-22,29,30-Trisnorhopane, (i)
17a(H)21 o (H)-hopane, (iii) 178(H)21 B (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 2.36 and Table 2.39 show the levels of six molecular markers. Total concentration of
markers was 257.61+44.16 ng/m? in winter and 23.52+6.57 ng/m® in summer. The presence of

significant quantities of molecular markers, especially hopanes, conclusively establishes the
contribution of CGD.
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Figure 2.36: Molecular Markers in PM»s at SJIF
2.4.3.6 Chemical Composition of PM;9 and PM; 5 and their correlation matrix

Graphical presentations of chemical species are shown for the winter and summer seasons for
PM.o (Figure 2.37) and PM2.s (Figure 2.38). Statistical summary for particulate matter (PMio
and PM2 ), its chemical composition [carbon content, ionic species and elements] along with
mass percentage (% R) recovered from PM are presented in the Table 2.40-Table 2.43 for the

winter and summer seasons.

The correlation between different parameters (i.e. PM, TC, OC, EC, F-, CI", NOs~, SO472, Na“,
NH4*, K*, Ca*?, Mg and Metals (elements) with major species (PM, TC, OC, EC, NOs~, SO472,
NH.4*, Metals) for PMio and PM2.s composition is presented in Table 2.44-Table 2.47 for both
seasons. It is seen that most of the parameters showed good correlation (>0.30) with PM1o and
PMaz.s. The percentage constituent of the PM is presented in Figure 2.39 (a) and (b) for the

winter season and Figure 2.40 (a) and (b) for the summer season.
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Figure 2.37: Concentrations of species in PM;o at SJIF
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Figure 2.38: Concentrations of species in PM3.s at SJIF
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Figure 2.39: Percentage distribution of species in PM at SJIF for Winter Season
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Figure 2.40: Percentage distribution of species in PM at SJIF for Summer Season
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2.4.3.7 Comparison of PM;9 and PM25 Composition

This section presents some important observations from the experimental findings related to
fine particles and PMio concentrations. The graphical presentation is a better option for
understanding the compositional variation. Compositional comparison of PM2.5 vs PMio 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~, Cl7, NOs~, SOs72, Na', NH4*, K*, Ca™, Mg*?) 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, NOs~, SO+* Na*, NH4*, K*, V, Zn and Pb.

Composition: SJIF = Winter ®Summer
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Figure 2.41: Compositional comparison of species in PM25 Vs PMjg at SJIF
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Table 2.36: Statistical results of gaseous pollutants (ug/m?) at SJIF for winter (W) and summer (S) seasons

SJIF (W) NO, SO, Benzene Toluene p-Xylene 0-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 4.04 242 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
CvV 0.27 0.05 0.24 0.75 0.75 0.58 0.46
SJIF (S) NO; SO, Benzene Toluene p-Xylene 0-Xylene Total (BTX)
Mean 28.59 2.00 0.32 0.05 247 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 (ug/m?) in PM; s at SJIF for winter (W) and summer (S) seasons
SIIF (W) | PMas TC oC EC OCl1 0ocC2 0C3 0C4 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
CcvV 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) PMazs TC oC EC OC1 0ocC2 0C3 0C4 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

55




8229

Table 2.38: Statistical results of PAHs (ng/m?) in PM> s at SJIF for winter (W) and summer (S) seasons
?&f DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA |B(@A| Chr | B®)F | BIOF | B@P | P [D(ah)AlB(ghi)P lfzﬁls
Mean | 554 | 7.07 | 7.04 | 7.84 | 945 | 2.48 | 3.95 | 2.48 | 428 | 591 | 462 | 636 | 1.32 | 5.83 | 1.82 | 006 | 3.38 | 79.43
SD | 7.05 | 429 | 663 | 687 | 931 | 1.88 | 333 | 2.67 | 1.83 | 1119 | 3.36 | 7.47 | 2.04 | 7.66 | 2.63 | 0.07 | 432 |32.80
Max | 20.81 | 11.14 | 20.99 | 19.84 | 30.07 | 6.56 | 11.02 | 838 | 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 | 216 | 0.90 | 4.16 | 0.96 | 1.06 | 0.83 | 3.04 | 0.35 | 1.02 | 110 | 019 | 133 | 0.08 | 0.00 | 0.78 | 5225
CV | 127 | 061 | 094 | 0.88 | 099 | 0.76 | 084 | 1.07 | 043 | 1.89 | 073 | 1.17 | 155 | 1.32 | 144 | 1.12 | 1.28 | 0.41
S(JSI)F DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA |B(@A| Chr | B®)F | BIOF | B@P | P [D(ah)AlB(ghi)P gzgls
Mean | 7.81 | 5.79 | 3.08 | 0.56 | 537 | 1.40 | 0.97 | 022 | 2.51 | 0.41 | 0.23 | 011 | 006 | 0.12 | 0.01 | 0.00 | 0.23 | 28.89
SD | 498 | 7.22 | 245 | 077 | 10.73 | 2.64 | 0.94 | 031 | 2.09 | 0.45 | 0.18 | 0.10 | 001 | 0.14 | 0.03 | 0.00 | 0.11 | 28.00
Max | 15.62 | 2036 | 7.97 | 1.99 | 27.09 | 6.76 | 2.53 | 0.85 | 571 | 1.33 | 0.59 | 0.31 | 0.08 | 0.41 | 0.08 | 0.00 | 0.44 | 85.50
Min | 362 | 1.11 | 130 | 000 | 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 | 064 | 125 | 0.80 | 138 | 2.00 | 1.89 | 097 | 142 | 083 | 1.11 | 0.79 | 091 | 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/m%) in PM; s at SJIF for winter (W) and summer (S) seasons

. . . 17 B(H) 17 o(H) 17 a(H) - 22,29,30 -
SJIF (W) [Tritriacontane Hentriacontane Pentriacontane ) Ty )] s e 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
Ccv 0.11 0.41 0.31 0.13 0.49 0.37 0.17
. . . 17 B(H) 17 o(H) 17 a(H) - 22,29,30 -
SJIF (S) |Tritriacontane Hentriacontane Pentriacontane 5N oy =) s e 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
Ccv 0.41 0.03 0.28 0.52 0.35 0.50 0.28
Table 2.40: Statistical results of chemical characterisation (ug/m?) of PM; at SJIF for winter (W) season
SJIF PMio oC EC F CI- NOs~ | SO42 | Na* NH4* K* Mg | Ca* Na Mg Al Si P K
Mean 379 48.8 233 0.4 13.6 27.7 25.0 3.7 10.3 2.2 0.3 73 4.84 090 | 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 0.24 534 | 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
SIIF Ca Cr \Y 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
CvV 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 (ug/m%) of PM;.s at SJIF for winter (W) season

SIIF (W) | PM.s | OC EC F Cl | NOs | SO«2 | Na* | NHs | K* | Mg? | Ca? | Na | Mg | Al Si P K
Mean 291 34.1 19.3 0.3 10.6 21.7 194 2.9 7.9 1.7 0.2 5.5 3.34 0.62 | 12.85 | 3446 | 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 23 1.26 0.15 5.28 | 1490 | 0.02 1.00
Max 437 479 39.8 0.4 18.8 39.8 29.7 4.5 134 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 \ 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 (ug/m?®) of PM; at SJIF for summer (S) season

SJIF (S) PMio OoC EC F- ClI- NOs~ | SO+ | Na' | NH4" K* Mg | Ca™ 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 24 3.31 1.56 8.82 | 21.55 | 0.33 1.45
SD 61 33 2.2 0.2 2.2 2.0 2.7 0.6 1.8 0.2 0.2 1.3 0.85 0.49 579 | 1246 | 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 | 2221 | 4898 | 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 \ 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
CvV 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 (ug/m?) of PM; s at SJIF for summer (S) season

SJIF (S) PMa.s OoC EC F- ClI- NOs | SO+2 | Na' | NH4" K* Mg | Ca'™ Na Mg Al Si P K
Mean 56 9.2 3.6 0.3 34 2.4 3.8 14 2.0 0.6 0.3 0.7 1.80 | 0.89 1.89 | 496 | 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 43 6.7 2.3 3.7 0.9 0.6 1.3 3.10 1.63 3.01 847 | 0.21 1.20
Min 34 6.5 1.7 0.2 14 0.6 1.2 1.0 0.2 0.5 0.2 0.4 1.35 0.58 099 | 2.55 0.02 | 0.67
Ccv 0.26 0.25 0.50 0.27 0.38 0.45 0.36 0.23 0.55 0.15 0.28 0.41 024 | 0.28 0.32 | 037 | 0.61 0.17
SJIF (S) Ca Cr Vv 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
Ccv 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 PMj and its composition at SJIF for winter season

SJIF (W) PMio TC 0oC EC F- Cl NOs- S04 2 Na* NH4* K* Mg* Ca? | Metals
PMio 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
NOs 0.27 0.45 1.00 0.89 -0.44 0.84 0.53 -0.20 0.31 0.63
N 0.54 0.43 1.00 -0.36 0.93 0.59 -0.27 0.48 0.72
NH.* 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 PM: s and its composition at SJIF for winter season

SIIF (W) PMa.s TC 0oC EC F- Cl- NOs SO42 Na* NH.* K* Mg* Ca? | Metals
PM..s 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
0oC 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
NOs 0.44 0.52 1.00 0.94 -0.42 0.93 0.53 -0.14 0.38 0.85
S04 0.55 0.48 1.00 -0.34 0.93 0.57 -0.12 0.43 0.84
NH.* 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 PMjo and its composition at SJIF for summer season

SJIF (S) PMio TC 0oC EC F- Cl- NOs S04 Na* NH.* K* Mg* Ca*” Metals

PMio 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
NOs~ -0.01 0.78 1.00 -0.07 0.20 0.79 0.56 0.16 0.39 0.44
SO42 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 PMz s and its composition SJIF for summer season

SJIF (S) PM:.s TC 0oC EC F- Cl- NOs~ SO42 Na* NH4* K* Mg* Ca? | Metals
PM..s 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
NO; -0.03 0.83 1.00 -0.10 0.21 0.81 0.67 0.20 0.58 0.80
S04 0.00 -0.36 1.00 -0.10 0.08 0.19 -0.04 0.24 0.31
NH.* -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 (PM9, PM2.s)

Time series of 24-hr average concentrations of PMio and PM2 s at GSKF are shown for winter
(Figure 2.42) and summer (Figure 2.43). Average levels at this site were: PM2s: 270 + 83
(winter) and 60+17 pg/m® (summer), and PMio: 352 + 89 (winter) and 107+40 pg/m’
(summer). The PMzs levels were 4.7 times (higher) in winter and in compliance with the
NAAQS (PM25s: 60 pg/m®) in the summer season. The PMio levels were 3.8 times (higher) in
winter and 1.4 times higher in summer compared with the NAAQS (PMio: 100 pg/m?).

In summer, PM2s levels drop significantly compared to PMio 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:s-10). The PMio levels show the same levels in both seasons despite

improvements in meteorology and better dispersion.

The corresponding CPCB air quality index (AQI) is 519 (PM2s) and 494 (PMo) for winter,
which falls in the category of severe. For summer AQI is 193 (for PM2:s) and 151 (for PMo),

which falls in the category of moderate.

PM: GSKF, Winter
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Figure 2.42: PM Concentrations at GSKF, Winter
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PM: GSKF, Summer

=—+—=PMp = ccccee Mean PMio AAQS:PMio
==—PM>os = cececee Mean PM:.s AAQS:PMaz.s
&> 200 -~
£
on
Z 150
[
.2
§100-
o
Q
2
o) 50_
@)
0 T T T T T T T T T T T T T T 1
OO O O O A T O GGG R IR RS
R L R e
A A A o A A A A A T A

Figure 2.43: PM Concentrations at GSKF, Summer
2.4.4.2 Gaseous pollutants

Time series of 24-hr average concentrations of SO2 and NOz 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 pg/m?) and met the air quality standard. NO> levels also meet the national
standard (80 pg/m®) with an average of 15 days at 3711 pg/m? in winter and 25+7 pg/m’ in
the summer season (Figure 2.44). The summer concentration of NO2 dropped and half in
winter. NOz2 levels are meeting the standard,; it is a matter of concern as NOz is largely attributed
to vehicular pollution, which is on the rise. Variation in NOz 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
ng/m’ (Benzene: 0.59 and Toluene: 0.16 pg/m?) in winter and 3.10+1.3 ug/m* (Benzene: 0.24
and Toluene: 0.04 pg/m?) in summer seasons. The BTX levels were higher during winter than

in the summer.
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Figure 2.44: SO; and NO; Concentrations at GSKF for Winter Season
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Figure 2.45: SO; and NO; Concentrations at GSKF for Summer Season
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Figure 2.46: VOCs concentration at GSKF
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2.4.4.3 Carbon Content (EC/OC) in PM35

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 pg/m?) than the elemental
carbon (winter: 20.73+7 and summer: 3.04=1.05 pg/m®). 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,
0C2, 0C3, 0OC4; 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.

(a) PM..s: Carbon Content, GSKF (b) OC/TC = Winter
— 50.0 - ® Winter 0.60 - B Summer
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S 00 - 0.00 -
@ 0OC1 0ocC2 0cC3 0oc4 ocC EC 0OC1/TC 0C2/TC 0OC3/TC 0C4/TC

Figure 2.47: EC and OC Content in PM; 5 at GSKF

2.44.4 PAHs in PM;;s

The concentrations of PAHs (from solid phase only) with some specific markers were analysed.
Figure 2.48 shows the average measured concentration of PAHs at GSKF for winter and
summer seasons. A statistical summary of PAHs is presented in Table 2.50 for winter and
summer seasons. The PAHs compounds analyzed were: (i) Di methyl Phthalate (DmP), (ii)
Acenaphthylene (AcP), (ii1) 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 (88+21 ng/m?) compared to the summer season (36£19 ng/m?). Major PAHs are
Phe (9.90 ng/m? and 0.5 ng/m?), DEP (4.31 ng/m?® and 4.69 ng/m?®) and DmP (8.94 ng/m’ and

14.84 ng/m?) in both winter and summer seasons.
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Figure 2.48: PAHs Concentrations in PMz s at GSKF

2.4.4.5 Molecular Markers in PM3 5

A total of six molecular markers analysed were: (i) 17a(H)-22,29,30-Trisnorhopane, (ii)
17a0(H)21 o (H)-hopane, (iii) 17p(H)21 B (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
markers was 358.79+63.34 ng/m? in winter and 35.2+2.49 ng/m’ in summer. The presence of

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

contribution of CGD.
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Figure 2.49: Molecular Markers in PM; s at GSKF
2.4.4.6 Chemical Composition of PM;9 and PM; s and their correlation matrix

Graphical presentations of chemical species are shown for the winter and summer seasons at
GSKF for PMio (Figure 2.50) and PM2s (Figure 2.51). Statistical summary for particulate
matter (PM1o and PMzs), its chemical composition [carbon content, ionic species and elements]
along with mass percentage (% R) recovered from PM are presented in the Table 2.52-Table

2.55 for the winter and summer seasons.

The correlation between different parameters (i.e. PM, TC, OC, EC, F-, CI", NOs~, SO472 Na*,
NH4*, K*, Ca*?, Mg and Metals (elements) with major species (PM, TC, OC, EC, NOs~, SO472,
NHa4*, Metals) for PMio and PM2.s composition is presented in Table 2.56-Table 2.59 for both
seasons. It is seen that most of the parameters showed good correlation (>0.30) with PM1o and
PM:s. The percentage constituent of the PM is presented in Figure 2.52 (a) and (b) for the

winter season and Figure 2.53 (a) and (b) for the summer season.
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Figure 2.50: Concentrations of species in PM at GSKF
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Figure 2.51: Concentrations of species in PM: s at GSKF
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Figure 2.52: Percentage distribution of species in PM at GSKF for Winter Season
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Figure 2.53: Percentage distribution of species in PM at GSKF for Summer Season
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2.44.7 Comparison of PM19 and PMs Composition

This section presents some important observations from the experimental findings related to
fine particles and PMio concentrations. The graphical presentation is a better option for
understanding the compositional variation. Compositional comparison of PM2.5 vs PMio 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~, Cl7, NOs~, SOs72, Na', NH4*, K*, Ca™, Mg*?) 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, NOs~, SO+* Na*, NH4*, K*, V, Zn and Pb.
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Figure 2.54: Compositional comparison of species in PMz5 Vs PMjy at GSKF
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Table 2.48: Statistical results of gaseous pollutants (ug/m?) at GSKF for winter (W) and summer (S) seasons

GSKF (W) NO; SO, 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) NO; SO, Benzene Toluene p-Xylene 0-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 0.52 433
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 (ug/m?) in PM; s at GSKF for winter (W) and summer (S) seasons

GSKF (W) | PMazs TC oC EC OC1 0oC2 0C3 0ocC4 OCI/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) [ PMas TC ocC EC OC1 ocC2 0C3 0oc4 OCI1/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 4.20 342 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
CvV 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 PM».s at GSKF for winter (W) and summer (S) seasons

G(%VK)F 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 g,:ﬁls
Mean | 8.94 | 829 | 431 | 558 | 9.90 | 7.61 | 452 | 1.69 | 8.35 | 3.26 | 530 | 597 | 1.30 | 6.95 | 220 | 0.11 | 3.49 |87.74
SD | 6.15 | 1062 | 1.57 | 540 | 335 | 2.83 | 2.40 | 1.02 | 3.86 | 2.12 | 2.84 | 2.82 | 049 | 243 | 071 | 009 | 1.12 | 2147
Max | 1637 | 28.66 | 6.23 | 17.36 | 14.34 | 11.34 | 8.69 | 3.02 | 1331 | 6.21 | 10.71 | 11.34 | 2.02 | 9.80 | 3.02 | 028 | 4.76 |130.07
Min | 117 | 032 | 1.95 | 1.43 | 495 | 2.21 | 1.66 | 026 | 2.92 | 0.85 | 2.90 | 345 | 058 | 3.73 | 1.12 | 0.00 | 2.01 | 63.05
Ccv | 069 | 128 | 037 | 097 | 034 | 037 | 053 | 060 | 0.46 | 0.65 | 0.54 | 0.47 | 0.38 | 0.35 | 0.32 | 0.86 | 0.32 | 0.2
G(SSI?: DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA |B(a)A| Chr | B(b)F | BK)F | B@P | InP | D(ah)A [B(ghi)P gzﬁls
Mean | 14.84 | 5.86 | 469 | 546 | 0.50 | 0.08 | 0.62 | 0.10 | 2.09 | 0.27 | 0.16 | 007 | 007 | 0.10 | 027 | 015 | 0.19 | 3552
SD | 838 | 335 | 357 | 743 | 0.76 | 0.14 | 0.78 | 0.01 | 2.82 | 011 | 003 | 001 | 0.01 | 0.10 | 0.42 | 041 | 0.03 |19.43
Max | 30.19 | 10.59 | 9.98 | 18.89 | 2.14 | 039 | 1.73 | 012 | 634 | 0.50 | 0.21 | 0.09 | 0.09 | 032 | 1.06 | 1.08 | 0.25 | 59.98
Min | 446 | 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 | 056 | 057 | 0.76 | 1.30 | 1.54 | 1.74 | 1.25 | 0.16 | 1.35 | 039 | 0.16 | 0.16 | 0.16 | 0.95 | 1.57 | 2.65 | 0.16 | 0.55
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Table 2.51: Statistical results of molecular markers (ng/m%) in PM;s at GSKF for winter (W) and summer (S) seasons

. . . 17 B(H) 17 a(H) 17 a(H) - 22,29,30 -
GSKF (W) ([Tritriacontane Hentriacontane Pentriacontane DTN e Pile(E)) o e 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
Ccv 0.23 0.26 0.35 1.18 1.02 0.29 0.18
. . . 17 B(H) 17 a(H) 17 a(H) - 22,29,30 -
GSKF (S) |Tritriacontane Hentriacontane Pentriacontane T o RllaE) T e 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
Ccv 0.80 0.18 0.07 0.28 0.55 0.37 0.07
Table 2.52: Statistical results of chemical characterisation (ug/m?) of PM;o at GSKF for winter (W) season
GSKF PMio oC EC F CI- NOs~ | SO42 | Na* NH4* K* Mg | Ca* 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 1473 | 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 0.63 565 | 1521 | 031 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 \Y 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
CvV 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 (ug/m?) of PM>.s at GSKF for winter (W) season

GSKF (W)| PM.s | OC EC F- Cl" | NOs | SO«2 | Na* | NHs | K* | Mg? | Ca? | 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 | 1094 | 29.18 | 1.06 | 3.4l
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 0.4 314 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 4.51 046 | 241 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 \Y 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 | 034 | 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 | 043 0.42 1.37 | 044 | 0.61 0.56 | 0.04

Table 2.54: Statistical results chemical characterisation (ug/m®) of PMy9 at GSKF for summer (S) season

GSKF (S)| PMiw | OC EC F Cl" | NOs | SO«2 | Na* | NHs | K* | Mg? | Ca? | 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 1.29 449 | 1154 | 094 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 8.78 124.05 | 3.74 | 2.82
Min 72 8.2 1.9 0.3 33 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
CvV 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
GSKEF (S) Ca Cr Vv Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R
Mean 3.08 0.06 0.01 0.06 248 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 0.04 094 | 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
Ccv 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 (ug/m3) of PM, s at GSKF for summer (S) season

GSKF (S) | PM2.s OoC EC F- Cl NOs~ | SOs2 | Na' | NHi4" K* Mg"? | Ca'™ Na Mg Al Si P K

Mean 59.79 | 10.19 3.04 0.32 4.69 2.92 248 1.52 1.82 0.69 0.24 | 0.62 1.99 | 070 | 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 | 026 | 056 | 0.27 | 0.88 | 2.13 045 | 022

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 | 379 | 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 0.24 040 | 042 | 028 | 038 | 042 | 041 1.15 | 0.24

GSKEF (S) Ca Cr \ 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 | 075 | 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 1.08 002 | 0.02 | 3.07 | 044 | 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

()Y 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 PM1o and its composition at GSKF for winter season

GSKF (W) PM.o TC oC EC F- Cl- NOs~ SO42 Na* NH.4* K* Mg Ca® Metals

PMio 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
NOs~ 0.21 0.45 1.00 0.79 -0.40 0.53 0.08 -0.02 0.68 0.67
SO42 043 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 PMzs and its composition at GSKF for winter season

GSKF (W) PMa.s TC 0oC EC F- Cl- NOs SO42 Na* NH.* K* Mg* Ca? | Metals
PM..s 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
0oC 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
NOs 0.39 0.58 1.00 0.81 0.11 0.71 0.36 0.06 0.86 0.93
S04 0.60 0.36 1.00 -0.11 0.83 0.38 -0.04 0.83 0.85
NH.* 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) PMio TC 0oC EC F- Cl- NOs S04 Na* NH.* K* Mg* Ca*” Metals

PMio 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
NOs~ 0.70 0.84 1.00 0.80 -0.27 0.40 0.33 0.19 0.72 0.76
SO42 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 PMzs and its composition at GSKF for summer season

GSKF (S)

PMo..5

TC

oC

EC

F- Cl NOs~ SO+ Na* NH4* K* Mg* Ca™ Metals
PM..s 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
NOs- 0.53 0.84 1.00 0.80 -0.18 0.37 0.34 0.20 0.91 0.89
SO42 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 (PM9, PM2.s)

The seasonal comparison is shown for PMio (Figure 2.55), PM2.s (Figure 2.56) and the ratio of
PMaz.s to PMio (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 s in winter was 283 pg/m> and PMio was 378 pg/m>. The PM2 s
levels are about 4.71 times higher than the NAQS (60 pug/m®), and PMio is about 3.78 times
higher than the NAQS (100 pg/m?). Both PM2s and PMio levels were highest at GCRF, the
residential site (318 and 429 pg/m?), followed by levels at SJIF (291 and 379 pg/m?), the
industrial site. The PM2s and PMo levels were lowest at JMDF (253 and 354 ug/m®); these
levels also exceed the air quality standards. The highest variability was seen at SJIF (CV: 0.34)
for PM2.s, followed by GSKF (CV: 0.31). The highest variation for PMio was seen at JMDF (CV:
0.26) and the least at GCRF (CV: 0.18).

Ratio of PM2s to PMio is a useful parameter to indicate the relative abundance of fine particulate
(i.e. PM2:s) and toxicity of particulate matter. The overall city ratio is 0.74, and it was highest at

GSKEF (0.76), followed by SJIF (0.75).
Summer

The overall city average of PM2.5 and PMig levels in summer drops sharply to 61 pg/m® and 138
ng/m> respectively, in winter. The PMa s levels generally meet the standards, while PMo is 1.38
times higher than the standard. Both PM2.5s and PM 1o levels were highest at GCRF, the residential
site at 67 and 155 pg/m?, followed by levels at IMDF (62 and 142 pug/m?), the commercial site.
The PM2 s levels were lowest at SJIF (56 pg/m®) while PMio levels were lowest at GSKF (107
ng/m?). The highest variability was seen at GSKF (CV: 0.28) for PMas, followed by JMDF (CV:
0.27). The highest variation for PMio was seen at SJIF (CV: 0.4) and the least at GCRF (CV:
0.22). The overall PM2.s to PMo 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 PMjy levels for all Sites
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Figure 2.56: Seasonal comparison of PM: s concentrations for all Sites
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Figure 2.57: Seasonal comparison of PM».s /PMjo ratio
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2.4.5.2 Gaseous Pollutants (NO; and SO»)

The seasonal comparison is shown for NO2 and SO:2 (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 SOz levels were quite low and were always within the air quality standards (80 pg/m?).
Levels were below detection limit in summer almost at all sites. The SOz levels, being very low

have not been further discussed.

It was observed that NOz levels were within the air quality standards (80 ug/m?) during both the
seasons. The overall city level average NO: levels are 48.3 pug/m® in winter and 26.36 ug/m> in
summer. The highest NO: concentration was observed at JMDF during both seasons 56.86 pg/m?
(winter) and 30.17 ug/m® (summer). Rather being under the limits still NO is the emerging
pollutants which can largely be attributed to vehicular emissions. The commercial area has the
higher vehicular emission of NOa. 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 NO».

Although the NO: 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.

Seasonal: NO: and SO:
ENO, mSO,

Concentration (ng/m?)

SJIF
Sites and Season

Figure 2.58: Seasonal Comparison of NO: and SO: 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 pg/m? in winter and 5.12 pg/m? in summer.
The highest BTX concentration was observed at SJIF (10.58 pg/m?) in winter and GCRF (11.41

ng/m?) in summer seasons.

Seasonal: VOCs
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Figure 2.59: Seasonal comparison of VOC:s for all Sites
2.4.5.4 Carbon Content (EC/OC) in PM35

The seasonal comparison for OC and EC is presented in Error! Reference source not found. f
or PMio and Error! Reference source not found. for PM2s. The PMa2s contained the high
fraction of TC (OC+EC) 20% in winter and 29% in summer seasons. The organic carbon is
observed higher than the elemental carbon at each site during winter than summer; this is
generally true that in atmosphere volatile and semi-volatile organic compounds continuously
undergo nucleation, oxidation, condensation and convert into organic particles, whereas EC
remains unchanged, as a result the ratio of OC to EC further increases. However, the ratio of
OC3/TC is observed higher in winter while the ratio of OC2/TC is observed higher in summer
than other OCs, this indicates the formation of secondary and primary organic carbon particles
respectively, in atmosphere. It is also observed that the OC and EC are higher in winter season
than in summer season probably because of poor dispersion in winter and more combustion

sources including biomass and solid waste burning. It is observed that average TC to PM2 s ratio
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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
OCI1/TC, OC2/TC, OC3/TC and OC4/TC) is presented in Table 2.63 - Table 2.64 for winter and

Summer s€asons.
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Figure 2.60: Seasonal Comparison of EC and OC in PM;j, for all Sites
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Figure 2.61: Seasonal Comparison of EC and OC in PM: s for all Sites

2.45.5 PAHs in PM;;s

The average concentrations of PAHs are shown graphically for winter season Figure 2.62) and
summer season (Figure 2.63) for all sites along with overall average concentration for Firozabad.
Average concentrations are shown in Table 2.65 - Table 2.66 with the standard deviation and

coefficient of variation CV for Firozabad. The PAHs compounds analyzed are (i) DmP, (ii) AcP,
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(ii1) 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/m®) in winter compared
to summer (33 ng/m?).

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.
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E DmP mAcP m DEP ®mFlu ® Phe H Ant
H Pyr = BbP H BeA EB(a)A = Chr u B(b)F
Figure 2.62: Variation in PAHs in PM; 5 for winter season
30 PM..s: PAHs, Summer
E 25
on
£ 20
= 1
= 15
S 10 -
=}
g 5
= h I
=
O 0 A
JMDF GCRF SJIF GSKF Overall
B DmP mAcP = DEP EFlu H Phe H Ant
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Figure 2.63: Variation in PAHs in PMzs for summer season

83



8257

B DmP
150 Seasonal : PM..s PAHs
m AcP
E = DEP
& 100
E = : — = = EFlu
< — . = = i
E; 50 - — . ® Phe
g | B H Ant
S
0 ® Pyr
Y S w S W S Y S w S
JMDF GCRF SJIF GSKF Average = BbP

Figure 2.64: Seasonal comparison of PAHs in PM; 5
2.4.5.6 Molecular Markers in PMz s

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/m?®) compared to summer (71.47
ng/m?®). The presence of significant quantities of molecular markers, especially alkanes and
hopanes conclusively establishes contribution of coal burning, gasoline and diesel combustion

in vehicles.

PM,.s: Molecular Markers, Winter W Tritriacontane
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JMDF GCRF SJIF GSKF Overall =17 a(H) - 22,29.30
Sites - Trisnorhopane

Figure 2.65: Variation in molecular markers in PM3 s for winter season
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Figure 2.66: Variation in molecular markers in PM: s for summer season
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Figure 2.67: Seasonal comparison of molecular markers in PM; 5
2.4.5.7 Chemical Composition of PM;oand PM; s

Graphical presentation for seasonal comparison for chemical species [(a) Anions, (b) Cations
and (c) Elements) are shown for PMio (Figure 2.68 (a), (b) and (c)) and PMa.s (Figure 2.69 (a),
(b) and (c)). Overall summary of average concentrations for all sites along with overall average,
standard deviation (SD) and coefficient of variation (CV) for PM (PMio and PMa2s), its
composition [carbon content (EC and OC), ionic species (F-, CI, NOs~, SO472, Na*, NHas", K*,
Ca*™2, Mg*?) 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)] along with mass percentage (% R) estimated in composition are presented
in the Table 2.69 - Table 2.72 for winter and summer seasons.

The statistical summary of the major components (i.e. crustal elements — Si, Ai, Fe, Ca;
Secondary ions - NOs~, SO42, NH4"; TC) in PM1o and PMa2s are presented in Table 2.74 - Table

2.77 for winter and summer seasons.
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Figure 2.68: Seasonal comparison of ionic and elemental species concentrations in PMjo

for all sites
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Figure 2.69: Seasonal comparison of ionic and elemental species concentrations in PM3 5

for all sites
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2.4.5.8 Comparison of PM;o and PM25 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, CI-, NOs~, SO472, Na*, NH4", K*, Ca*?, Mg*?) and elements (Al, Si, Cr, V, Mn,
Fe, Co, Ni, Cu, Zn, As, Cd and Pb). Compositional comparison of PM2.s Vs PMio 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,
NOs~, SO472, NH4*, K*, Na, V, Zn and Pb.

The average ratio (PMa2.s/PMio) 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 PMio. Therefore, the percentage of EC (70%) and OC (83%) are constant for all sites
by converting from levels known in PM2.s and translating these into EC and OC levels of PMio.

Compostion: Carbon and lons, PM,.s Vs PM;o moc
100 mEC
mF
80
< mCl-
? 60 - mNOs~
£ 40 - | WSO,
S~
S ™ Na*
S 20 - ]
[-% | | NH4+
0 - K+
u Mg+2
Ca*?

Figure 2.70: Compositional comparison of carbon and ions species in PM.5 Vs PMjy
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Figure 2.71: Compositional comparison of elemental species in PM25 Vs PMjg

Table 2.60: Overall summary of experimental results of PM (Mean+SD pg/m?)

PM.o PMo.s PMb.s/PMio
Sites Winter Summer | Winter | Summer | Winter Summer
354491 142+42 | 253+64 62+17 | 0.72+£0.07 | 0.46+0.12
JMDF (0.26) (0.30) | (025 | (0.27) | (0.09) (0.25)
429+75 155+34 | 318£70 6715 | 0.74+0.06 | 0.4420.09
GCRF (0.18) (0.22) | (022) | (0.23) | (0.08) 0.21)
379+96 148+59 | 291+100 | 56+15 | 0.75+0.09 | 0.41+0.14
SJIF (0.25) (0.40) (0.34) (0.26) (0.12) (0.34)
352489 10740 | 270+£83 60£17 | 0.76=0.09 | 0.57+0.06
GSKF (0.25) (0.37) (0.31) (0.28) (0.12) (0.10)
Overall 3789 138+11 | 283+16 | 61+l | 0.74+0.02 | 0.47+0.03
(0.02) (0.08) (0.06) (0.02) (0.02) (0.07)
Values in brackets are CV: Coefficient of Variation

Table 2.61: Overall summary of average concentration (ug/m?) of gaseous pollutants

(S0O2, NO; and VOC:s) for winter season

Winter NO: SO: | 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 0.23 542 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
CvV 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 (ng/m?) of gaseous pollutants

(S02, NO; and VOC:s) for summer season

Summer | NO: SO: | 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

CvV 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 PM: s for all sites for winter Season

Winter | PM;s 0C1 0oC2 0C3 0C4 (06 EC TC OC1/TC | OC2/TC | OC3/TC 0C4/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 PM; 5 for all sites for summer season

Summer | PM2.5 0C1 0C2 0C3 0C4 ocC 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 2.92 245 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
Ccv 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/m%) of PAHs in PM: s 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 gztﬁls
JMDF 7.50 5.44 6.94 8.84 7.20 596 | 5.13 | 291 | 5.67 151 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 | 395 | 248 | 4.28 5.91 4.62 6.36 1.32 5.83 1.82 0.06 3.38 79.43
GSKF 8.94 8.29 431 5.58 9.90 761 | 452 | 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 | 483 | 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 5.22 339 | 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/m?) of PAHs in PM s for all sites for summer season
. Total
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 PAHs
JMDF 18.82 | 5.30 126 | 096 | 040 | 0.11 | 032 | 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 | 022 | 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 7.81 579 | 3.08 | 0.56 | 537 | 1.40 | 097 | 0.22 | 2.51 0.41 0.23 0.11 0.06 0.12 | 0.01 0.00 0.23 28.89
GSKF 1484 | 586 | 469 | 546 | 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 1691 | 5.83 | 257 | 1.80 | 1.74 | 043 | 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 | 3.57 193 | 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 071 | 0.61 | 075 | 122 | 1.79 | 1.83 | 093 | 1.60 | 0.93 | 0.69 | 0.66 | 086 | 090 | 0.85 | 1.68 2.65 0.36 0.64

92




3266

Table 2.67: Overall summary of average concentration (ng/m?) of molecular markers in PM, s for winter season

17 a(H) -

17 (H) 21 17 a(H) 21 22,29,30 - Total
Winter Tritriacontane Hentriacontane | Pentriacontane | B(H) hopane | o(H) hopane Trisnorhopane
JMDF 65.42 19.91 15.25 5.68 131 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/m?) of molecular markers in PM> s for summer season

17 a(H) -
Summer 17 p(H) 21 17 a(H) 21 22,29,30 - Total
Tritriacontane Hentriacontane | Pentriacontane | B(H) hopane | o(H) hopane Trisnorhopane

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 9.23 441 14.82 0.79 0.40 71.47
SD 49.84 5.88 2.29 6.46 0.41 0.18 53.98
CvV 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 PMjy for all sites for winter season

Winter | PMw | OC EC F CI NOs | SOs2 | Na* | NH+ K Mg*" Ca*? Na Mg Al Si P K

JMDF 354 47.1 28.0 1.35 994 | 2487 | 19.06 | 4.17 | 11.38 | 3.18 1.25 4.75 5.45 342 | 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 1031 | 2.22 0.35 7.32 4.84 0.90 | 16.77 | 43.53 | 0.07 3.07

GSKF 352 48.9 25.0 034 | 17.17 | 2096 | 17.10 | 11.04 | 12.05 | 3.63 0.93 487 | 1473 | 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 0.67 543 6.80 1.92 | 1541 | 4239 | 0.57 3.82

SD 36 42 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 A\ Mn Fe Co Ni Cu /n 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 1830 | 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 0.41 826 | 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

CvV 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 s for all sites for winter season

Winter | PM.s | OC EC F Cr NOs | SO42 | Na* | NH« K Mg*" Ca*? Na Mg Al Si P K

JMDF 253 33.0 23.3 0.96 7.19 | 19.59 | 1437 | 3.14 8.36 2.27 0.89 3.21 3.99 248 | 10.26 | 28.16 | 0.47 2.97

GCRF 318 39.6 22.3 039 | 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 | 1943 | 2.86 7.90 1.66 0.22 5.52 3.34 0.62 12.85 | 3446 | 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 | 1.06 341

Overall 283 352 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 \Y 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 | 0324 | 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 | 0.00 040 | 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 PMjy for all sites for summer season

Summer | PMw | OC | EC F- CI | NOs | SO | Nat [ NHe+ | K° | Mg? | Ca? | 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 | 033 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 1.56 882 | 21.55 | 033 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 1.29 449 | 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 A\ 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 | 0917 | 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 0.12 490 | 0.025 | 0.021 | 0.119 | 0988 | 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 0.06 248 | 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 s for all sites for summer season

Summer | PM:s | OC EC F CI NOs | SO+2 | Na' NH+ K* Mg*" Ca*? 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 44 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
(0)% 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 \Y 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.s and PMj for all sites for winter

(W) and summer (S) seasons

Sites JMDF GCRF SJIF GSKF Overall

Season W S \ S W S W S W S
PMio 354 142 429 155 379 148 352 107 378 138
PMa.s 253 62 318 67 291 56 270 60 283 61
PM:z.sPMio 72 44 74 43 77 38 77 56 75 44
TC (PMz.s/PMio) 75 73 74 74 74 73 74 73 74 73
OC (PM:.s/PMao) 70 70 70 70 70 70 70 70 70 70
EC (PMz.s/PMao) 83 83 83 83 83 83 83 83 83 83
F~ (PMa2.s/PM.o) 71 62 81 59 77 56 66 57 73 58
CI" (PM..s/PM.o) 72 57 81 56 78 55 79 56 78 56
NOs™ (PM2.5/PMio) 79 55 85 57 78 55 86 54 82 55
SO472 (PM2.s5/PMio) 75 57 78 57 78 54 86 61 79 57
Na* (PMz.s/PMio) 75 53 78 59 77 55 74 57 75 56
NHa" (PM2.5/PMio) 73 56 80 55 77 56 76 60 77 57
K* (PMa.s/PMo) 71 56 81 59 75 55 71 56 74 57
Mg*? (PM2.s/PMio) 72 60 80 58 64 56 71 56 71 58
Ca'? (PM2.5/PM.o) 68 29 75 30 75 29 76 47 74 32
Na (PM2.5/PMo) 73 52 91 59 69 54 73 56 73 55
Mg (PM2.5/PMio) 72 58 94 58 68 57 63 55 70 57
Al (PM2.5/PMo) 69 26 70 24 77 21 75 46 73 27

Si (PM:.s/PM.o) 70 25 71 23 79 23 77 44 74 27

P (PM2.5/PM.o) 64 29 54 31 56 29 77 42 71 35

K (PM2.5/PM0) 71 55 81 59 74 56 72 57 74 57

Ca (PM:2.5/PM.o) 69 27 72 26 81 25 78 46 75 29

Cr (PM..s/PMo) 73 30 78 27 81 32 73 38 74 30

V (PM..s/PM.o) 73 28 58 29 48 26 75 44 72 31
Mn (PM2.5/PMo) 72 27 58 27 52 26 75 38 72 28
Fe (PM2.5/PM.o) 72 27 72 24 79 22 76 45 75 28
Co (PM..s/PMo) 71 32 82 29 87 31 79 43 76 35
Ni (PM2.5/PMo) 69 33 75 51 57 29 73 42 70 41
Cu (PM..s/PMo) 70 33 83 28 84 29 75 44 73 33
Zn (PMz.5/PM.o) 70 83 85 85 83 63 78 87 79 79
As (PMz.5/PM.o) 71 34 74 38 73 31 77 53 74 38
Se (PMz.s/PMio) 73 86 85 76 86 41 72 33 79 55
Rb (PM..s/PMo) 74 29 75 28 74 29 76 37 75 30

St (PMz.s/PMio) 70 28 39 28 30 25 74 39 67 30
Cd (PM..s/PM.o) 80 79 84 76 83 53 70 86 81 73
Cs (PMz.s/PMo) 71 30 84 61 85 32 74 42 78 51
Ba (PMz.5/PM.o) 67 28 51 26 47 24 76 42 67 28
Pb (PM2.s/PMo) 73 80 84 80 84 60 70 89 79 76
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Table 2.74: Statistical summary of major components: PMyy, winter (ng/m?)

. Crustal (Si + Ratio Sec Tons (NOs~ + | Ratio Sec Ratio
Winter | PMio | A1 e ¢ Ca) | Crustal/PMyy | SOu2 +(NH4+) Tons/PMpo | 1C | TC/PM
JMDF 354 74.8 0.211 55.3 0.156 75.2 0.213
GCRF 429 96.6 0.225 717.5 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: PM, s, winter (ug/m?)

Wi | P, | L | | Selers(uor | Rt | e | Rt
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: PM;o, summer (ug/m?)

Summer | PMio Crustal (Si + Ratio Sec Ions (NOs™ + | Ratio Sec TC Ratio
Al + Fe + Ca) Crustal/PM;q SO42+ NH4+) Tons/PMo TC/PM o

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: PM;.s, summer (ug/m?3)

Summer | PMs Crustal (Si + Ratio Sec I(ins (NOs™ + | Ratio Sec TC Ratio
Al + Fe + Ca) | Crustal/PM;s SO42 + NH4") Ions/PM s TC/PM; s

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
CVv 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.s, PMio,
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 (PMio) whereas residential and other areas show low
variability. Higher variability for PM2s seen in winter month than summer at all sites.
Highest variability for PM2s at SJIF in winter. It is to be noted that variability is much

higher in winter than in summer.

PM,,
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Figure 2.72: Box plot distribution for PM;o (winter and summer)
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Figure 2.75: Box plot distribution for OC (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 PM1o, PM2.s, NO2, SOz and carbon content (EC
and OC). It is observed from Table 2.78 that PMio, PM2.s, OC, EC and NOz levels are higher
at all sites. There is no significant difference in SO2 levels at all the sites in summer and

winter.

In general, PMio 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

aramete
Sitey > | PM PM, oC EC NO,
JMDF 1 1 1 1 1
GCRF L L T 1 T
SIIF L] 1 1 1 1
GSKF 1 1 1 1 1
<> No significant difference Evin te(rI;evels higher in
* No pollutant showed lower concentration

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 PMio, PM2s and their compositions

have been referred to bring the important inferences to the fore.

- Particulate pollution is the main concern in the city where PMio levels are 1.4 — 3.6
times higher than the national air quality standards in summer and winter months and
PMas levels are 1.0 —4.7 times higher than the national standard in summer and winter

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

- The chemical composition of PM1o and PM2:s carries the signature of sources and their

harmful contents. The chemical composition is variable depending on the size fraction
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of particles and the season. The PM levels and chemical composition are discussed

separately for two seasons.
Winter - PM;yy

The overall average concentration of PMio in winter season is 378+36 pug/m? against
the acceptable level of 100 pg/m®. 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 PMio
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 (NOs~ + SOs2 + NHa4"),
which account for about 16% of total PM1o 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 PMio.

The CI content in PM1o 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 CI” content is observed
at GCRF at 18.15 pg/m? compared to overall city level of 14.7 ug/m>. The high level
at GCREF signifies some local burning of waste either in industrial processes or as a

means of disposal of solid waste.
Winter - PM3 5

The overall average concentration of PM2s in winter is 283+28 pg/m’® against the
acceptable level of 60 pg/m>. The highest levels are observed at GCRF 318+70 pug/m?
and lowest at JMDF 253464 pg/m?®. The crustal component increased to 22% in PM2.s

in winter compared to 15% in summer.

The other important components secondary particles (NOs~ + SO+ 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 PMa:s at about 337%. Highest level of TC was observed at GCRF at
61.9 ng/m>.

The CI" content in PM2.s winter is not consistent and varies between 2 — 5 percent

which is an indicator of burning of municipal solid waste (MSW).
Summer - PMjo

The overall average concentration of PMio in summer season was 138+21 pg/m’

against the acceptable level of 100 pg/m?>.

The crustal component (Si + Al + Fe + Ca) accounts for about 24 percent of total PMio
in summer. This suggests airborne soil and road dust are the major sources of PMio
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
PMo). 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 (NOs~ + SOs72 + NH4"),
which account for 10 percent of total PMio 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 NOs™,
SO+, and NH4". The combustion related contribution is relatively less in PMio in

sSummer.

The CI" content in PM 10 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 - PM» 5
The overall average concentration of PMa.5 in summer season is 6144 pg/m* within

the acceptable level of 60 pg/m?>.
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The crustal component (Si + Al + Fe + Ca) accounts for about 15% of total PMzs. This
suggests airborne soil and road dust is a significant source of PMa2s 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 PM2s and secondary particles (NOs~ + SO42 + NHa4")
accounts for 13%; both fractions of secondary particles and combustion related
carbons account for a larger fraction in PM2s than in PMio. All three potential sources,
crustal component, secondary particles and combustion contribute consistently to

PM25 in summer.

The CI content in PM2.s 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 PMaz.s

and PMio. This is relatively lower in summer than in winter.
Potassium levels

In general potassium levels are moderate and consistent for PMio (1.02 to 3.63 pg/m?)
in winter and summer and in PM2s5 (1.66 to 2.59 ng/m?) in winter. In general potassium
level should be less than 2 pg/m?. 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.
NO; levels

NO:z levels in winter are higher than those in summer at all sites and the levels meet
the national air quality standard of 80 pg/m®. The highest NO: levels were at IMDF
(56.86 pg/m?), 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 PMio and PM2s. SOz levels in the city were

well within the air quality standard.
General inferences
Levels of PM2.s and NOz are statistically higher (at all locations) in winter months than

in summer months by about 42-60%. The levels of PMio 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/m?;
However, PAH levels in summer drop significantly to 33 ng/m®. The highest PAH

levels observed at GCRF in winter (99 ng/m®) and in summer (39 ng/m?).

The concentrations of molecular markers in PM2s (total of 6 compounds) are also
higher in winter (233 ng/m?) than in summer (71 ng/m?) indicating presence of

common sources of emissions from coal, gasoline and domestic fuel.

The total BTX levels are higher in winter (7.4 pg/m?) than in summer (5.12 pg/m?).
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 pg/m?).

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 PMio and PMz.s 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.

Identification of sources Collection of source S
(vehicular, road dust, information activity data Categorlaztllon ofds?urces
industrial etc.) (population, fuel uses, (area, point and line)

vehicle count, road length
etc.)

ArcGlIS: Map digitization and . ) Selection of emission factors
grid formation from base ArcGIS- input data: Grid- and emission estimation
map specific data management

Development of emission
inventory

Generation of spatially

resolved emission map

methods

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.

Source Category
Y A l
Area Source Point Source Line Source
(Stack Height < 15 m) (Stack Height > 15 m)

l 1 A 4
Hotel/Restaurants Power Plants Vehicles
Domestic Cooking Industries
MSW Burning Incinerator +
Construction/Demolition DG Sets W
Road Dust IW
glgussmes AW
Bi cts Sumi LCV

iomass Burning Buses
Trucks

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 3.4: Agricultural area map
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Figure 3.6: Industrial area map
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Figure 3.8: Road network map
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Figure 3.9: Settlement area map
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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 x
500 m.

TERLeTE 78°22'30"E THO2E R
N
2.
~ 1219 !
£ ) oro4 w B
m Gao1 | G202 | G203
5 s z
S Glgd | GI8S | G186 | G187|1 § £
=1 g 3 L=
£ —
& G163 G166 | G168 | G169 | G170 | G171 ;1-}& £
G | Glea T Gles) G167
Glas| G147 | Glas | G149 | Giso | Gis1 | Gis2 | G153 | G154 | GISS [ Gs6 | =
- MY
s
f12d G130 | G131 | G132 | G133 | G134 | G135 | G136 | G137 | G138 | G139 | G140 Gldl ;D&
. Ge7
i E] P i 3 H 22 312, 12 G125 | G126
G113 g4 | Gus | Gue | Gz | Gus | G | Gi2o [ G121 | G122 | G123 | G124 | G 120 -
) e | G
99| oo | cio1 | Groz | Glos | Gro4 | Gios | Gios | Glo7 | Gios | G109 | G110 I
g z
£ j c ; s
2] k;& Gas | Gss | Gse | Gs7 | Gss | Gso | Goo | G91 | Go2 | G93 (-M(‘%, -2
h &
o7l Ges | Geo | 670 | 6m | 672 | 6713 | G | G5 | G76 | G7T | G i@
Gst| G52 | Gs3 | os4 | Gss | Gse | Gs7 | Gss | Gso | Geo | G6l | G62 | G63
35| G5 37| Gas | Gao | Gao | Gar | G492 | Ga3 | Gad | Gds | G 647
= . = =
L d G2 | G | G25 |
egen 5 -
: i Fa
£ | [ Firozabad Grid 500M x 500M G7 = £
o4 =g
B ] . Kms 2
& 0 03507 14 21 28 &
T r . :
T8210"E 78922307 E LA OE F——

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:

E=AxEF x (1 —ER/IOO) .............. 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 (PMio, PM2s, 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., PMio per sq. km) for each ward
was calculated for different pollutants (PMio, PM25, SO2, NOx, and CO). The emission
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density in terms of kg/d/m? in each ward was calculated based on the population and area

of the ward.
Emission Density (kg/d/ m?) = Emission of Ward (kg/d) / Ward Area (m?)...... 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

ny (areaof fractionwardiin grid X

id Emissi =) o . e Equati
Grid Emissions = 2y emission density of ward, i) quation3

Where

N=no. of wards in the grid
i = i" 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.

Domestic
3500 3157
3000
N
<
5 2500
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& 2000
v
§ 1500
2
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5 . 561 5
[ m
0 ||
PMm PMz.s SOz NOX CO

Figure 3.13: Emission load from domestic sector (kg/d)
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Figure 3.14: PMo Emission load from domestic sector (kg/d, %)
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Figure 3.15: PM,s Emission load from domestic sector (kg/d, %)
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Figure 3.16: SO; Emission load from domestic sector (kg/d, %)
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Figure 3.17: NOx Emission load from domestic sector (kg/d, %)
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Figure 3.18: CO Emission load from domestic sector (kg/d, %)
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Figure 3.19: Spatial distribution of PM1o Emissions from domestic sector
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Figure 3.20: Spatial distribution of PM>.s emissions from domestic sector
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Figure 3.21: Spatial distribution of SO, emissions from domestic sector
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Figure 3.22: Spatial distribution of NOx emissions from domestic sector

120




8294

TE2I'0ME T8°22'30"E T824'0"E TE25'30"E

n
T
277100300 N

27°10'30"N

27990 N
27°9'0"N

Legend

Domestic
CO (kg/day)
0-6
616
W 16-27
M 27 - 34
I 34-38

N — — s
0 03507 14 2.1 28

277 30N
L
27°7T'30"N

T T T L)
T82I'0"E T8°22'30"E T8°24'0"E 828 I0"E

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 PMio and PM2s 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.
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Figure 3.25: Emissions from construction and demolition (kg/d)
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Figure 3.26: Construction material and debris near construction sites
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Figure 3.27: Spatial distribution of PM;¢ emissions from construction/demolition
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Figure 3.28: Spatial distribution of PM3 s 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 PMio, PM25, 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
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Figure 3.30: Emission load from hotels, bakeries, and restaurants (kg/d)
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Figure 3.31: Spatial distribution of PM;¢ emissions from hotels, restaurants, GHs and
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Figure 3.32: Spatial distribution of PM3 5 emissions from hotels, restaurants, GHs and BHs
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Figure 3.33: Spatial distribution of SO, emissions from hotels, restaurants, GHs and BHs
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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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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

Figure 3.36: MSW burning in Firozabad city

spatial distribution in Figure 3.38 to Figure 3.42.
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Figure 3.37: Emission load from MSW burning (kg/d)
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Figure 3.38: Spatial distribution of PM;o emissions from MSW burning
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Figure 3.39: Spatial distribution of PM; s emissions from MSW burning
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Figure 3.40: Spatial distribution of SO; emissions from MSW burning
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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)
DG set Average
e 8% PMy | PMas | SO, | NOx | €O
No. of Hospitals apac y.
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
Hospitals
3.2
3 2.7
Q24
en
&
% 1.6
5
Zos . 0.6
= : 0.2 0.2
- 0.0 I I I -
PMio PMaz.s SOz NOx CO

Figure 3.44: Emission load from hospitals (kg/d)
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Figure 3.45: Spatial distribution of PMo emissions from hospitals
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Figure 3.46: Spatial distribution of PM>.s emissions from hospitals
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Figure 3.47: Spatial distribution of SO2 emissions from hospitals
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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)

. . No of
Boiler/Furnace F}lel used in Furnaces/ | PMyo | PMas | SO, | NOx | CO
Type Boiler/Furnace .
Boilers
Natural Gas,
Pot Furnace LPG 80 54 54 414 | 991 594
Tank Furnace Natural Gas 70 81 81 626 | 1498 | 899
Folding Natural Gas 1 04 | 04 | 3 7 4
Furnace
Boiler Natural Gas 1 1 1 9 22 13
Hot Air Natural Gas 1 ] 111 | 27| 16
Generator
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.
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Figure 3.51: Emission load from industries as area source (kg/d)
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Figure 3.52: Spatial distribution of PM1o emissions from industries as an area source
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Figure 3.53: Spatial distribution of PM» s emissions from industries as an area source
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Figure 3.54: Spatial distribution of SO; 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
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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.
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spatial distribution of emissions from industries (point source) lying within the boundary is

presented in Figure 3.58 to Figure 3.62.
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Figure 3.57: Emission load from industries as point source (kg/d)
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Figure 3.58: Spatial distribution of PM;o emissions from industries as point source
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Figure 3.59: Spatial distribution of PM:.s emissions from industries as point source

142



38316

TRO20"E 78°22'30"E T8°24'0"E. T8°25'30"E
N
W = —
= =
= =
= =
5 5
] 5
z 2
= =
a a
] 5
Legend
Industry Point Source
502 (kg/day)
0
3-11
. 1-2s
B 25 - 60
- 10
P B 60 - 105 z
= | W o0s-171 B
1 e — — Kms s
slo 03507 14 2.1 28 5
T T T T
TRO20"E 78022'30"E T8°24'0"E, TRO2S'INE

Figure 3.60: Spatial distribution of SO, emissions from industries as point source
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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 KV A 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 3.64: Emission load from industrial DG sets (kg/d)
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Figure 3.65: Spatial distribution of PM1 emissions from industrial DG sets
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Figure 3.66: Spatial distribution of PM2.s emissions from industrial DG sets

146




8320

TEOZ10"E
M

TE2'IE
L

T8°24'0"E
M

THO2IS'30"E
L

z z
= Y
= =
= =
Iy 3
b~ 5
z £
=S | =
& g
5 5
Legend
Industrial DG Sets
S02 (kg/day)
0.00
0.01 - 0.04
B 0.04-0.16
z Bl 0.16- 0.60 z
2] mmoco-1.06 | 2
| e — w— Kms )
«]0 03507 14 21 28 a
T T T T
78°21'0"E 78°22'30"E 78924'0"E 78°25'30"E
Figure 3.67: Spatial distribution of SO, emissions from industrial DG sets
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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)

= 3W CNG Retro < 500 cc Post 2005 = 3W CNG OEM 4S8 < 200 cc Post 2005
* 3W CNG Retro 2S <200 cc Post 2005

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.
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Figure 3.74: Emission load from vehicles (kg/d)
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Figure 3.75: PM;o Emission load contribution of each vehicle type (kg/d)
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Figure 3.76: PM,s Emission Load contribution of each vehicle type (kg/d)
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Figure 3.77: SOz 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)
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Figure 3.79: CO Emission load contribution of each vehicle type (kg/d)
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Figure 3.80: Spatial distribution of PM;o emissions from vehicles
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Figure 3.81: Spatial distribution of PM:.s emissions from vehicles
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Figure 3.82: Spatial distribution of SO emissions from vehicles
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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
S. Da Karku New BgPass Jain Santi
No. = : haurah : ¢
1 Sunday

3 Tuesday

4 | Wednesday == '

6 Friday

7 Saturday

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 pm
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:

[k (%)0.65 y (¥)1.5 XVKT]

F=—————"— . Equation 4
1000

Where;
E = emission from road dust (kg/d)

VKT = vehicle kilometer travel

sL = road surface silt loading (grams per square meter) (g/m?), and

W = average weight (tons) of the vehicles travelling the road.

k = constant (a function of particle size) in g VKT (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™!) 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
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Figure 3.87: Road dust sampling in the city of Firozabad
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Figure 3.89: Emissions from road dust in Firozabad (Kg/d)
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Figure 3.90: Spatial distribution of PM;¢ emissions from road dust re-suspension
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Figure 3.91: Spatial distribution of PM:.s 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 PMio, PM2.s5, 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.
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Figure 3.92: Location of Brick kilns in Firozabad
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Figure 3.93: Emission Load from Brick kilns (kg/day)
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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
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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
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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 PMio | PMas SO, NOx CO
Brick Kilns 164 115 213 64 408
Domestic 743 561 144 425 3157
MSW Burning 75 51 5 28 396
Hotels, Resta;;’lasnts, GHs and 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 PMio emission load in the city is estimated to be 14687 kg/d. The top three
contributors to PM1o 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.

PM: s emission load in the city is estimated to be 4427 kg/d. The top three contributors to
PM: s 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%).

PM,, = 14687 kg/day

Hotels, Restaurants
and GHs, 186, 1%

[ o 0
MSW Burning, 75, 1% = Industrial DG Sets,

0.2, 0%

* Domestic, 743, 5%

* Brick Kilns, 164, 1% 7 i
= Road Dust, 12735,

87% -

* Hospitals, 0.2, 0%
* Industries, 137, 1%
= Vehicle, 612, 4%

= Construction and
Demolition, 35, 0%

Figure 3.99: PM;9o Emission load contribution of different sources
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Figure 3.100: PM: s Emission load contribution of different sources
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Figure 3.101: SO2 Emission load contribution of different sources
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Figure 3.102: NOx Emission load contribution of different sources
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CO = 11569 kg/day
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Figure 3.103: CO Emission load contribution of different sources
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Figure 3.104: Spatial distribution of PM;o emissions in Firozabad
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Figure 3.105: Spatial distribution of PM:.s emissions in Firozabad
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Figure 3.106: Spatial distribution of SO; emissions in Firozabad
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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:

e Chemical elemental balance or chemical mass balance (CEM/CMB), and

e 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 PMioand
PM:s 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 M;j mass of particulates to the receptor (Watson et al., 2004),

172



8346

mziM.f

Jj=1

F'. =F

/A
where, m is the total mass of the particulate collected on a filter at a receptor site, F’jjis the
fraction of chemical species i1 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:

Where, Mj;j 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
)4
Ci = Z E;S,
j=1

where, Ciis 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 Ciand 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).

42 CMB Modelling: Source Apportionment of PM;o and PMa.s

Since for PMas, 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

PMio and PM2s were adopted from USEPA (2006, 2020).

The PMioand PM2.s 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 PMio and PMzs 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]

PM o (winter)

The average PMio concentration was 354 pg/m>. Figure 4.1 (a), (b), (c) represents PMio
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 PMio source contributing to PMio was soil and
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road dust (99 pg/m? ~ 28%) and vehicular emission (82 pg/m? ~ 23%) followed by biomass
burning (51 pg/m?® ~ 14%). The other major sources are SIA (50 pg/m? ~ 14%), coal and
flyash (36 pg/m* ~ 10%), Municipal solid waste (MSW) burning (6.9%), construction

materials (3.3%), and industrial emission is zero.

PM; s (winter)

The average PMa.s concentration was 253 pg/m® (i.e. about 0.32 of PMio). Figure 4.2 (a),
(b), (c) represents PM2s 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 PMio
source contributing to PMio was soil & road dust (63 pug/m® ~ 24.9%) and vehicular
emissions (61 ug/m?® ~ 24%) followed by biomass burning (46.1 ug/m* ~ 18.2%). The other
major sources are SIA (34.8 pg/m?® ~ 13.8%), coal & flyash (24 ug/m® ~ 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

e Vehicular emission has major contribution to PM (23% for PMio and 24% for PM2.5)
at JMDF.

¢ Biomass burning has significant contribution (15% for PM1o and 18% for PM2) to
the PM at JMDF.

e Soil & road dust contributes significantly to PMio and PM 2.5 (28% for PMio and
25% for PM2.s).

e 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.

e 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 PM;o at JMDF for winter season
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(a) PM,.s: Source, Winter, JMDF
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Figure 4.2: CMB modelling for PM»s at JMDF for winter season
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Table 4.1: Statistical summary: JMDF, winter season

PMj (ng/m’) PM.s (ug/m?)
Parameter | Measured | Calculated | % Mass | R2? | Measured | Calculated | % Mass R?
Average 354 358 101.4 0.73 253 260 104.1 0.90
SD 94 93 35 0.08 64 55 6.8 0.08
CcvV 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
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Figure 4.3: Backward trajectories at JMDF for winter season

4.3.1.2 Summer Season [sampling period: April 29 — May. 14, 2023]

PMj (summer)

The average PMio concentration was 142 pg/m>. Figure 4.4 (a), (b), (c) represents PMio
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 JIMDF.Table 4.2 presents a summary of performance and acceptability of
CMB model. It is observed that the major PMio source contributing was soil & road dust
(47 pg/m® ~ 33%) followed by vehicular emission (28.1 pg/m* ~ 19.8%) and biomass
burning (20.2 pg/m* ~ 14.2%) in PMio. Other significant sources are MSW burning (14.5
ng/m? ~ 10.2%), coal and flyash (14 pg/m> ~ 10%), SIA (9.8 ug/m> ~ 7%) and construction

material (2.7%) in PMio. The contribution of the industrial emissions was Zero PMo.

PM;. 5 (summer)
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The average PM2.s concentration was 62 pg/m?; the PM2.s/PMio ratio is about 0.33. Figure
4.5 (a), (b), (c) represents PM2.s 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 pg/m* ~ 27%) followed by Biomass burning
(11.4 pg/m® ~ 18.4%), and MSW burning (10.3 pg/m* ~ 16.6%) in PM 0. Other significant
sources are Vehicular emissions (9.6 pg/m® ~ 15.5%), SIA (6.2 pg/m® ~ 10.1%), Coal &
flyash (5 pg/m® ~ 8%) and construction material (4.3%) in PMio. The contribution of the

industrial emissions was Zero PM o.

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.
(a) PMso: Source, Summer, JMDF

250
— H Vehicles
% 200 B MSW Burning
% 150 m Soil and Road Dust
-f—’_. B Construction Material
2 100
S B Coal and Flyash
§ 50 ® Industrial

0 W Biomass Burning
(22] (22} (22} (22} [22] [22] (22] (22} (22} [22] [22] [22] (22} (22} (22} (V]
S g g g g g gy g oy o ESA
= = > > > > > > > > > > > > > o
Q Q ® ® ® ® ® ® ® ® ® ®© ®©® ®© ©
T £ =2=23==2=23=23=2=232=253=2°3=2:=2°3z2z2
A @ ¢4 & h h O N 0 O H N o
i - - — —
(a) PMyo: Source, Summer, JMDF

100% -

N THEEEEEEEEEEEEEEE s
o 111 iifi11i1111111 ,
s RRRRRARRRRRRRRRR oo
(=] .

s 60% - H Soil and Road Dust

Rl F R R NN nnnngnl . .

S 20% 111 I EEEEEEEE B Construction Material

eeml 1 1 1 ifTii11111111

O 30% - M Coal and Flyash

apelll 1 1 1 ifii1i1i1i1i1ii1 ,
ndustria

S AEEEEN R E R R =t

0% - | ii i i iiillil B Biomass Burning

m [22] [22] (28] [22] [22] [22] [22] [22] o m m m (321 (321 ()]
A g g g g g g g g g g g Qg Qg Qg B0 mSIA
a S_ > > > > 0> > > > > > > > > —
© © © © © © © © © © © O © (]
¥ £ >332 2322525232°2z
AR ¢ N h O N O H N M <
— - - - -

179



8353

(c) PMyo: Mean, Summer, JMDF Mean PMyo: 142 pg/m?3

SIA, 9.83,7%

Biomass Burning,

20.21, 14%
MSW Burning, Coal and Flyash,
14.47, 10% 14.03, 10%

Construction
Material, 8.31, 6%

Figure 4.4: CMB modelling for PM;o at JMDF for summer season
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(c) PM3.s: Mean, Summer, JMDF Mean PM,.s: 62 ug/m3
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5.02, 8%

Figure 4.5: CMB modelling for PMz.s at JMDF for summer season

Table 4.2: Statistical summary: JMDF, summer season

PMo (ng/m?) PM..s (ng/m’)
Parameter | Measured | Calculated | % Mass R? | Measured | Calculated | % Mass | R?
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
(0\Y% 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

Backward Wind Trajectories : JIMDF (SUMMER)

Coordinates : 27.16 N, 78.40 E

Backward trajectories ending at 1200 UTC 01 May 23

Backward trajectories ending at 1200 UTC 09 May 23

GDAS Meteorological Data GDAS Meteorological Data

Backward trajectories ending at 1200 UTC 14 May 23
GDAS Meteorological Data
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Figure 4.6: Backward trajectories at JMDF for
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The major sources contributing to PMio and PM2.s 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]

PMio (winter)

The average PM1o concentration was 429 pg/m?. Figure 4.7 (a), (b), (c) represents PMo
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 PMio source contributing was soil & road dust
(110 pg/m? ~ 26%) followed by Biomass burning (83 pg/m?* ~ 19.5%) in PMio and
Vehicular emission (82.9 pg/m> ~ 19.3%). The other sources are SIA (71.6 pg/m> ~
10.5%), MSW burning (40.7 pg/m? ~ 9.5%), Coal & Flyash (24 pg/m? ~ 6%) and
construction material (3.7%). Contribution of the industrial emission was estimated to be

zero in PMio.

PM; s (winter)

The average PM2.s concentration was 318 ug/m>. Figure 4.8 (a), (b), (c) represents PM2 s
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 PM2s was
Vehicular emission (72.8 pg/m? ~ 22.9%) followed by soil & road dust (72 pg/m> ~ 23%),
SIA (61 pg/m?® ~ 19%) and Biomass burning (56 pg/m® ~ 17.6%). The other sources are
MSW (35 pg/m® ~ 11.0%), Coal & flyash (18 pg/m® ~ 6%), and construction material

(0.5%). Contribution of the industrial emission was estimated to be zero in PMzs.

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.
(a) PM,o: Source, Winter, GCRF
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Figure 4.7: CMB modelling for PM;o at GCRF for winter season

183



8357

(a) PM,.s: Source, Winter, GCRF
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Table 4.3: Statistical summary: GCRF, winter season

PMj (ng/m?) PM..s (ng/m’)
Parameter | Measured | Calculated | % Mass | R? | Measured | Calculated | % Mass | R?
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
CvV 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

Backward Wind Trajectories : GCRF (WINTER)

Coordinates : 27.14 N, 7840 E

Backward trajectories ending at 1200 UTC 29 Nov 22
GDAS Meteorological Data

Backward trajectories ending at 1200 UTC 04 Dec 22
GDAS Meteorological Data

Backward trajectories ending at 1200 UTC 08 Dec 22
GDAS Meteorological Data
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Figure 4.9: Backward trajectories at GCRF for winter season

For PMio, 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.s, soil

& road dust contribution reduced to 23% (from 26% in PMio). Vehicular contribution

increases significantly in PMzs 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]

PMjo (Summer)

The average PMio concentration was 155 pg/m?. Figure 4.10 (a), (b), (c) represents PMio

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
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presents a summary of performance and acceptability of CMB model. It is observed that
the major PM1o source contributing was soil & road dust (55 pg/m?® ~ 36%) followed by
Vehicular emission (27.4 pg/m*® ~ 17.7%). The other significant sources are biomass
burning (20.6 ug/m?® ~ 13.3%), MSW Burning (19.3 pg/m* ~ 12.4%), coal & flyash (14
ng/m* ~ 9%) and SIA (13.2 pg/m> ~ 8.5%). Contribution of the industrial emission was zero
in PMo.

PM; s (summer)

The average PM2.s concentration was 67 pug/m>. Figure 4.11 (a), (b), (c) represents PMas
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.s was
Vehicular emission (20.2 pg/m* ~ 30.3%) followed by Soil & road dust (16 pg/m? ~ 24%)).
The other significant sources are MSW burning (10.1 ug/m* ~ 15.1%) and biomass burning
(9.4 pg/m® ~ 10.9%), coal & flyash (7%) and SIA (8.4%). Contribution of construction

materials is 1.8% and industrial emission was zero in PM2s.

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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(b) PMso: %Source, Summer, GCRF
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Figure 4.10: CMB modelling for PM;9 at GCRF for summer season
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(b) PM,.s: %Source, Summer, GCRF
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Figure 4.11: CMB modelling for PM:.s at GCRF for summer season
Table 4.4: Statistical summary: GCRF, summer season
PM (ng/m?) PM:.s (ug/m?)
Parameter | Measured | Calculated | % Mass | R? | Measured | Calculated | % Mass | R?
Average 155 166 106.4 | 0.85 67 75 1119 | 0.78
SD 35 41 5.0 0.04 15 18 5.4 0.06
CvV 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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Backward Wind Trajectories : GCRF (SUMMER)
Coordinates : 27.14 N, 78.40 E

Backward trajectories ending at 1200 UTC 07 May 23 Backward trajectories ending at 1200 UTC 12 May 23 Backward trajectories ending at 1200 UTC 16 May 23
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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 PMio (36% -
18%) and PM2.s (24% - 30%), at the same time MSW and biomass burning are prominent
both in PMi1o and PMas.

4.3.3 St. Jhon Industries (SJIF)
4.3.3.1 Winter Season [sampling period: Dec. 09 — Dec. 23, 2022]

PMio (winter)

The average PMio concentration was 379 ug/m?. Figure 4.13 (a), (b), (c) represents PMio
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 PMio source contributing was soil & road dust (134
ng/m? ~ 35.5%) followed by biomass burning (77.4 pg/m> ~ 20.5%). The other significant
contributing sources are SIA (66.9 ug/m*® ~ 17.7%), vehicular emission (43.3 pg/m?® ~
11.4%), coal and fly ash (34 pg/m® ~ 9%), MSW burning (16.8 pg/m* ~ 4.4%) and
construction material (1.5%). Contribution of the industrial emission was estimated to be

zero in PMio.

PM; 5 (winter)
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The average PM2 s concentration was 291 pug/m?. Figure 4.14 (a), (b), (c) represents PM2 s
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 PMa2.s was soil
&road dust (98 pg/m® ~ 34%) followed by biomass burning (72.8 ng/m? ~ 26.4%). Other
major sources are SIA (41.2 ug/m> ~ 15.7%), vehicular emission (36.3 pg/m? ~ 14%), coal
& flyash (29 pg/m*® ~ 10%), MSW burning (3.2%), Construction material (1.8%) and

industrial emissions is zero in PMas.

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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(c) PMyo: Mean, Winter, SJIF Mean PM;o: 379 pug/m?
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Figure 4.13: CMB modelling for PMjo at SJIF winter season
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(c) PM,.s: Mean, Winter, SJIF Mean PM,.s: 291 pg/m?

Construction
Material; 5.12;
1.8%

Soil and Road
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W Burning;
.17;2.8%

Figure 4.14: CMB modelling for PM; s at SJIF, winter season

Table 4.5: Statistical summary: SJIF, winter season

PMo (ng/m?) PM: s (ng/m°)
Parameter | Measured | Calculated | % Mass R? | 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

Backward Wind Trajectories : SJIF (WINTER)
Coordinates : 27.17 N, 78.37E
Backward trajectories ending at 1200 UTC 09 Dec 22 Backward trajectories ending at 1200 UTC 16 Dec 22 Backward trajectorles ending at 1200 UTC 23 Dec 22
GDAS Meteorological Data GDAS Meteorological Data GDAS Meteorological Data
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Figure 4.15: Backward trajectories at SJIF for winter season
Inferences
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e Soil & road dust is the highest contributing source for both PM (36-34%)).

e Secondary PM (17-14%) and biomass burning (20-23%) are the major sources
followed by vehicular emission (12%) —for both PMio and PM2:s.

4.3.3.2 Summer Season [sampling period: May 19 - June 02, 2023]

PMjo (Summer)

The average PMio concentration was 148 pg/m?>. Figure 4.16 (a), (b), (c) represents PMio
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 PM 1o source contributing was soil & road dust (61 pg/m?
~41%) followed by vehicular emission (22.2 pg/m? ~ 14.9%) in PMio. The other significant
sources are MSW burning (18.6 pg/m? ~ 12.5%), Coal & flyash (14 ug/m> ~ 10%), biomass
burning (8.9%), SIA (7.3%) and construction material (5.7%). Contribution of the industrial

emission was estimated zero in PMio.

PM;.s (summer)

The average PM2 s concentration was 56 pug/m?. Figure 4.17 (a), (b), (c) represents PM2 s
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 pg/m?® ~ 33%) followed by biomass burning (11.7 ug/m* ~ 20.7%). Other
significant sources are vehicular emission (9.1 pg/m? ~ 16.1%), MSW burning (6.8 pg/m?
~12.1%), SIA (10.4%), coal & flyash (4 pg/m® ~ 6%), and construction material (1.5%).

The contribution of the industrial emission was estimated zero in PMa2:s.

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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(a) PMyo: Source, Summer, SJIF
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Figure 4.16: CMB modelling for PMjo at SJIF for summer season
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(a) PM,.s: Source, Summer, SJIF
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Figure 4.17: CMB modelling for PM; 5 at SJIF for summer season
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Table 4.6: Statistical summary: SJIF, summer season

PMj (ng/m’) PM..s (ng/m’)
Parameter | Measured | Calculated | % Mass | R? | Measured | Calculated | % Mass | R?
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
CvV 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

Backward Wind Trajectories : SJIF (SUMMER)
Coordinates : 27.17 N, 78.37 E

Backward trajectories ending at 1200 UTC 09 May 23
GDAS Meteorological Data

Backward trajectories ending at 1200 UTC 01 May 23
GDAS Meteorological Data

Backward trajectories ending at 1200 UTC 14 May 23
GDAS Meteorological Data
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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 PMio
and PMas, at the same time MSW burning and vehicles are prominent both in PMio and

PMass.
4.3.4 Gauri Shankar Kotla (GSKF)

4.3.4.1 Winter Season [sampling period: Dec. 14 — 29, 2022]

PMio (winter)

The average PMio concentration was 352 ug/m?. Figure 4.19 (a), (b), (c) represents PMio
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
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CMB model. It is observed that the major contributing source was soil & road dust (105
ng/m? ~ 30%) followed by vehicular emission (75 pg/m* ~ 20.6%) and biomass burning (66
ng/m?® ~ 18.7%). The other significant contributing sources are SIA (38.2 ug/m* ~ 11%),
MSW burning (26.5 pg/m® ~ 7.5%), coal and flyash (27 pg/m* ~ 8%) and construction

material (4.4%). Contribution of the industrial emission was estimated to be zero in PMio.
PM; 5 (winter)

The average PM2s concentration was 270 ug/m>. Figure 4.20 (a), (b), (c) represents PMas
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 ug/m?® ~ 25%) followed by biomass burning (62.2 pg/m* ~ 23%) and soil &
road dust (57 ug/m> ~ 21%). The other significant contributing sources are SIA (35.4 pg/m?
~ 13.1%), MSW burning (7.4%), coal and flyash (18 pg/m*® ~ 6.5%), and construction

material (4.4%). Contribution of the industrial emission was estimated to be zero in PMas.

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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(b) PM1o: %Source, Winter, GSKF
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Figure 4.19: CMB modelling for PM¢ at GSKF for winter season
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(b) PM,.s: %Source, Winter, GSKF
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Figure 4.20: CMB modelling for PM>.s at GSKF for winter season
Table 4.7: Statistical summary: GSKF, winter season
PM;o (ng/m?) PM..s (ng/m?)
Parameter | Measured | Calculated | % Mass R? | 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
Ccv 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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Backward Wind Trajectories : GSKF (WINTER)
Coordinates : 27.17 N, 78 41E

Backward trajectories ending at 1200 UTC 15 Dec 22 Backward trajectories ending at 1200 UTC 22 Dec 22 Backward trajectories ending at 1200 UTC 29 Dec 22
GDAS Meteorological Data GDAS Meteorological Data GDAS Meteorological Data

Source » at 2717N 7841E

AGL

Meters

Figure 4.21: Backward trajectories at GSKF for winter season

Inference

Soil & road dust is major contributor in PMio. 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]

PMjo (sSummer)

The average PM1o concentration was 107 pg/m?>. Figure 4.22 (a), (b), (c) represents PMio
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 PMio source contributing was soil & road dust
(34 ng/m?> ~ 32%) followed by Biomass burning (15.4 pg/m> ~ 15.3%). The other significant
sources are vehicular emission (18.4 pg/m® ~ 15.2%), MSW burning (13.8%), SIA (8.8%),
Coal & flyash (9 pg/m? ~ 8%) and construction materials (6.7%). Industrial emissions were

zero in PMo.
PM;.5 (summer)

The average PM2 s concentration was 60 ug/m’. Figure 4.23 (a), (b), (c) represents PM2s
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 PM2.5s was soil &

road dust (15 pg/m® ~ 26%) followed by biomass burning (12 ug/m? ~ 20.1%). The other
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significant sources are vehicular emission (10.8 pg/m* ~ 18.1%), MSW burning (14.5%)
SIA (5 pg/m® ~ 9%), coal & flyash (8%), and construction materials (3.8%). Industrial

emissions were zero in PMas.

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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(c) PMyo: Mean, Summer, GSKF Mean PMso: 107 pg/m?
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Figure 4.22: CMB modelling for PM¢ at GSKF for summer season
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(c) PM,.5: Mean, Summer, GSKF
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Figure 4.23: CMB modelling for PM:.s at GSKF for summer season

Table 4.8: Statistical summary: GSKF, summer season

PMj (ng/m’) PM..s (ng/m?)
Parameter | Measured | Calculated | % Mass | R? | Measured | Calculated | % Mass | R2
Average 107 120 109.8 | 0.71 60 68 1146 | 0.77
SD 41 46 5.4 0.15 18 17 10.1 0.09
(0\Y% 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

Backward Wind Trajectories : GSKF (SUMMER)
Coordinates : 27.17 N, 78 41E

Backward trajectories ending at 1200 UTC 24 May 23
GDAS Meteorological Data

Backward trajectories ending at 1200 UTC 28 May 23
GDAS Meteorological Data

Backward trajectories ending at 1200 UTC 01 Jun 23
GDAS Meteorological Data

w sy b b . L O s
by iy S L : [ s TN
= [MF v & < y L ¥ o L2
2 ¢ =
i / / ~  \ / // 7 \ \

z 7N e N W 5 } / e
= [ ¥ AT N % \

/ & N\ X e \ \ \
B - £ i \ \ A~
> J [ [d— A B ‘-m\ >
. R e 14

{ |
* e soak B \ /
8 A\ X & \ \ \mw Vs
3 Yoo N P / ARG .\ w00k / P
> W\ ; 45
N a0 km- I 3 \\\ 4500 k> < // f \
e /

52400 keh— ~—20004m—"
-
T T | I T | R e
K] SELAL SIS SLETUSTONNENSS =< 24500 \ m
@ .- 28
2 L s ] : 183
gl .. SEEsssiosoTe A SE S 1500 b ¢
L IR S 0l g 100 T O AN S S 500

00 12 00 12 0 12 (IIIl 12 0 2 00 12 60 12 00 12 o 12 0 12 IT 12 W 12 0 12 l‘j 2 2 12 m 12 (I’\ 12 00 12 00 12 Q0 12 'Il'l 12 00 12 n
ovpe 823" 0672 0t | 0Ag0 080 - oane oanr o59n 007 0Sgn 0835 osgs 07y 0520 0891 ot ToS30 " oize g osge 0535

Figure 4.24: Backward trajectories at GSKF for summer season
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Inference

In summer both PMio and PMazs 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.

e Ranges of source contribution to PMio 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 %).

e Ranges of source contribution to PMz s 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 %).

e Contribution of SIA particles (PMio: 11.21 — 7.9 % and PMas: 14.98 — 9.47 %),
biomass burning (PMio: 14.48 — 12.95 % and PM2.s: 20.91 — 19.32 %), are higher
during winter season compared to summer season both in PMz.s and PMo.

e Contribution of soil & road dust (PMio: 36 — 30 % and PMas: 27 — 26 %),
construction material (PMio: 5.39 — 2.9 % and PM2s: 2.85 — 2.64 %) and MSW
burning (PMio: 12.23 — 6.64 % and PM2s: 14.57 — 6.7 %) 1s higher during summer

season compared to winter season.
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e Contribution of vehicular emission higher in PM2.s (about 20 %) than PMio (about

17%).
(a) PMso: Overall Source contribution
500
= 400 1 Vehicles
E B MSW Burning
:_:.D 300 m Soil and Road Dust
g H Construction Material
L= 200 B Coal and Flyash
2 .
= M Industrial
+ 100
s B Biomass Burning
) mSIA
b) PM,o: % Overall Source contribution
100%
T 80% m Vehicles
“':' = MSW Burning
2 60% m Soil and Road Dust
,g M Construction Material
'E 40% M Coal and Flyash
8 20% M Industrial
(o]
H Biomass Burning
0% HSIA
Figure 4.25: Overall results of CMB modelling for PMio
(a) PM,.s: Overall Source contribution
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205




8379

Contribution (%)

100%

o}
=}
X

60%

40%

20%

0%

(b) PM,.5: % Overall Source contribution
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Figure 4.26: Overall results of CMB modelling for PM2.s
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PM..s: Winter Mean PM,.s: 283 pug/m?

MSW Burning
6.9%

Coal and Flyash

7.7%
Construction
Material
2.5%
PM.:.s: Summer Mean PM,.s: 61 pug/m?

Biomass Burning
18.2%

Coal and Flyash
7.5%

Construction
Material
2.8%

Figure 4.27: City level source contribution to ambient air PMio and PM: 5 levels
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Table 4.9: Statistical summary of the source apportionment in PM;o for winter season

% Source Contribution

Site Measured | Calculated o, . Coal . ’
. Parameter PM;o PMo R Biomass Constructio Soil & MSW .
location 3 3 Mass STIA . and . . Vehicles
(pg/m) (ng/m’) Burning Flyash n Material | road dust | Burning
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
JMDF 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
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
GCRF 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
Mean 354 358 101 0.73 14.1 14.4 10.1 3.3 28.1 6.9 232
SD 94 93 4 0.08 3.8 9.1 3.1 1.7 4.1 3.2 5.4
SIJIF 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
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 32 6.8 3.8 0.4 4.7 2.7 3.1
GSKF (0% 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 PM;o for summer season

Measured

Calculated

% Source Contribution

Slt? Parameter PM PMio 7 R? Biomass Cloxl Constructio | Soil & road MSW .
location 3 3 Mass SIA . and . Burnin | Vehicles
(png/m’) (ng/m) Burning s n Material dust 5

Mean 155 166 106 0.85 8.5 13.3 9.1 33 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

GCRF 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

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

GSKF 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

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

JMDF 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 15.7 324

Min 58 60 94 0.69 34 0.0 1.6 3.6 40.9 6.5 12.1

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

SJIF 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 18.4 104 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 PM; s for winter season

5 —
Site Measured | Calculated o . Coal ol BUICE C01.1tr1but1(s)1(1)ﬂ &
. Parameter PMy s PM; s R? Biomass Construction MSW .
location o /m®) e /m®) Mass SIA Sty and Material road e Vehicles
Flyash dust

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 32 6.8

GCRF [0\ 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 34 0.0 10.7 8.2 2.6

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 32 6.7

GSKF CvV 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

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

JMDF CcV 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

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

SIIF CvV 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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3384

Site Measured | Calculated o . Coal % Source Co.rltrlbutlo?
location Parameter PM; s PM; 5 Mass R? SIA Blom.ass and Construc.tlo Soil & MSW Vehicles
3 3
(pg/m) (pg/m) Burning Flyash n Material | road dust | Burning
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
GCRF 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 5.7 335 35.5 53.5
Min 46 54 102 | 0.61 5.5 0.1 1.8 0.4 4.0 2.0 4.2
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
GSKF 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
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
JMDF CVv 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 | 147 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
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
SIIF (0% 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 | 097 | 139 40.8 22.0 3.9 42.8 27.1 29.1
Min 34 35 97 10.62 3.5 1.0 3.7 0.3 22.3 3.1 7.4
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Table 4.13: Concentration apportionment: winter PM;y (Concentration in pg/m?)

Site PMio SIA Biomass | Coal and | Construction Soil & MSW Vehicles
location (ng/m?) Burning Flyash Material road dust Burning
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 PM» s (Concentration in ng/m?)
Site PMas SIA Biomass Coal and | Construction Soil & MSW Vehicles
location (ng/m?) Burning Flyash Material road dust Burning
GCRF 318 60.0 55.1 17.6 1.5 72.3 34.9 72.8
GSKF 270 354 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 54 4.7 18.0 11.4 16.1
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Table 4.15: Percentage apportionment: winter PMy

Site PMio SIA Biomass | Coal and | Construction Soil & MSW Vehicles
location (ng/m?) Burning Flyash Material road dust Burning
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 14.1 144 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 PM: s
Site PMas Biomass Coal and | Construction Soil & MSW .
) 3 SIA . . . Vehicles
location (ug/m>) Burning Flyash Material road dust Burning
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 3.9 249 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 PM;o (Concentration in pg/m?3)

Site Biomass Coal and | Construction Soil & MSW .
location PMio (pg/m’) SIA Burning Flyash Material road dust 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 PM; s (Concentration in pg/m?)
Site PMas Biomass Coal and | Construction | Soil & MSW .
location (ng/m?) SIA Burning Flyash Material road dust 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 PMjy

Site Biomass Coal and | Construction Soil & MSW .
location PMio (pg/m’) SIA Burning Flyash Material road dust 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 40.9 125 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 PM; 5
Site PM2s Biomass Coal and | Construction Soil & MSW .
location (ng/m?) SIA Burning Flyash Material road dust 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 56 104 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 PMio and PMz s, and these tables are frequently referred to bring

the important inferences to the fore.

The sources of PMio and PM2s contributing to ambient air quality are different in

summer and winter.

- The winter sources (% contribution given in parenthesis for PMio - PM2s 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 PMio and PM2 s are generally the same.

- The summer sources (% contribution given in parenthesis for PMio - PM2:s 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 PMio
and PMaz s are generally the same.

The consistent presence of SIA, biomass burning and vehicles in PMio and PMa.s 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 PMioand PM2:s. 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 PMio and PM2s5in

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 PM25). 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.

e MSW burning is contributing exceptionally high to both PMio and PM2s. 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
e 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.
e Vehicular pollution

This source is the fourth largest source and most consistently contributing source to
PMio and PM25 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.
e 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.

e MSW burning
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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.
e (Coal and flyash

In summer coal & flyash contribute about 9.3 percent of PMio 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.
e Soil & road dust

In summer this source contributes about 30 % to PMio. 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 PMio 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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5.1 Approach for Quantifying Carrying Capacity
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Figure 5.1: The multi-index multi-factor synthetic discriminant model for the
evaluation of the RECC (Kaiyuan Li, 2019)

As shown in the EI section, the following emission sources were inventoried:

5.1.1

a) Domestic fuel uses (LPG, dung, biomass coal etc.) and emission

b) Coal-based tandoors in the hotels, restaurants and dhabas and other areas

[OPOWI JURUTWILIISTP SAISUSTRIAUIOD 10198 NN

¢) 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.

Atmospheric Assimilation Capacity

Assessment of Carrying 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:

Wind velocity »

Figure 5.2: Schematic of box model (De Nevers, 1995)

Mathematically,
V% =qCin —qCout + S5 = Kgqg CLW — Ky CoutV- e Equation 5

where, q = volumetric flow rate (m*/sec)

Cin = influent concentration of a pollutant (g/m?)

Cout = effluent concentration of a pollutant (g/m?)

Kdd = dry deposition velocity (m /sec)

Ker = First order chemical reaction constant (1/sec)

S = source emission rate(g/sec)

Kada.C.L.W = the amount of pollutants removed by dry deposition (g/sec)
Ker.C.V = the amount of pollutants converted by chemical reaction (g/sec)
u = wind speed (m/sec)

In the equation, V=LxWxH volume of City m* (L: length (m), W; Width (m), H;
height (m))

The model is further simplified with the following assumptions:
e Steady-state condition (i.e. concentration is time-invariant); dc/dt = 0

e Pollutant is not subjected to deposition in the box; kdda =0
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e Pollutant does not undergo any chemical transformation: Ker =0

One can estimate the carrying capacity, Qcc as per the following equation:
Qec=(C-Co)xuW.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 (Co) 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
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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 PMa.s

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:

e AERMOD
e [SCST3
e [SC-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.

224



38398
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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.
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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).
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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.
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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 s concentration plots
for all sources in Firozabad city are given in Figure 5.8 to Figure 5.10. The first highest values
of PMzs 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 pg/m?
(1** December 2019), the monthly average PMa.s levels for the critical month (October) were
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80 ug/m* and the annual average was 50 pg/m>. The dispersion modelling was performed on
an area of 30x30 km? to cover the city. The emissions were considered from the grids of 500

m x 500 m. Both 24-hour and annual air quality standards for PM2.s are exceeded in the city.
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Figure 5.8: Iso-Concentration plot of highest 24-hour PM; s levels
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Figure 5.9: Iso-Concentration plot of monthly average PMzslevels
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Figure 5.10: Iso-Concentration plot of annual average PM: s levels

The highest 24-hour average PM2.s 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 PMzs 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.
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Figure 5.11: Highest 24-hour average PM; s 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.s 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

PMa2.s concentration was seen to be elongated along the prevailing wind direction (N-E).
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Figure 5.12: Monthly highest average PM; s 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

PM: s from Road dust, Vehicle and Domestic sources.

Table 5.1: Maximum PM; 5 levels (different time averages) from all sources

Maximum PM; s levels (ug/m?)

BOUEES 2 ANDE Monthly average | Annual average
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 pg/m? (1% December 2019), the monthly average PM2 s

levels for the critical month (October) were 80 pg/m?® and the annual average was 50 pg/m?.

From the annual average plots, it is seen that PMa2s 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 pg/m?) is exceeded in the area.

The city's highest contributing source for the critical day (1% 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.s contribution to

the city is given in Table 5.2.

Table 5.2: Rank sources in different regions based on their contribution to PM; 5

Rank 1 2 3 4 5 6 7 8 9 10
Brick . . . . . DG
Sources [Road dust Kiln Vehicle [Domestic|HotelMSW burning|Construction({Industry|Hospital sels

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

domestic sources (9 %), and hotels (4 %), shown in Figure 5.13 at the hotspot.
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Hotel MSW burning

Domestic .
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Figure 5.13: PM,s 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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Diurnal variation of Mixing height and Wind speeds for the Winter
months (2019)
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Diurnal variation of Mixing height and Wind speeds for the Post
Monsoon months (2019)
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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 m?/sec, medium contamination potential with VC = 6000 - 12000 m?/s and
high contamination potential when VC < 6000 m?/sec (Goyal et al., 2006).

Diurnal variation of Ventilation Coefficient (VC) for the Year 2019
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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 m?/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).

= Emission Data Meteorological Data Digital Terrain Data

\ Y
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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 PMo2.s 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 PM,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.s
concentration should not exceed the threshold value of the NAAQS in a given period which is

60 pg/m? for 24-hour and 40 pg/m? 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.
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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 s standard may not be achieved.
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24 Hr Peak PM, 5 Concentration in months - 2019
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Figure 5.18: 24-hour peak PM2.5 concentration in months

The PM2s 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.

NAAQS

— X Emission Load  ......... Equation 7
Max. concentraion

Carrying Capacity (CC) =

The estimation of carrying capacity is based on 24 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 PMa2s for 24-hour maximum

concentration based on emission load are shown in Figure 5.19 and given in Table 5.3.

CC and PM, ; concentration based on emission load - 2019
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Figure 5.19: Carrying Capacity (CC) and PM:5 concentration
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Table 5.3: Carrying Capacity, PM:s 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., 1 December 2019).

Table 5.4: Proposed Source-wise emission reduction

Emissions (kg/d) - Sou.rces - . .
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 PMas is achieved with the proposed reductions. The peak
concentration based on daily and annual (periods average) are 60 ng/m?* (4™ December 2019)
and 20.1 pg/m? (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

UTM East [m]
238000 235000 240000 241000 242000 243000 244000 245000 245000 247000

UTM North [m]
3003000 3004000 3005000 3006000 3007000 3008000 3009000

FLOT FILE OF PERIOD WALUES AVERAGED ACROSS 0 YEARS FOR SOURCE CROUP: ALL ug/m”3

Max: 201 [ugim*3] at (241897 60, 3006767 88)

critical day (4™ December 2019)
l

Figure 5.21: Iso-Concentration plot with emission reductions for an entire year

Model: AERMOD Version 151381 |

242



38416

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.s. 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
. . Sources
Emissions (kg/d) - - - - -
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 PM1o and PMa.s. There are several prominent sources
within and outside Firozabad city contributing to PMio and PMz 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 PMio — PM2s levels are 378 — 283 pg/m’. The overall city-level contribution
of sources to ambient air PMi1o — PM2s 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 PM1o — PM25 levels are 138 — 61 pug/m>. The overall city-level contribution
of sources to ambient air PMio — PMa.s 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 PMio (130 kg/d) and PM25 (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 2KV A 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 PMio and PMa.s contribution from MSW burning is about 7%, and
stopping this burning is the simplest way to reduce PMioand PM2s 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

Hz2S, 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:

e Wet suppression of building material (except cement)
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e wind speed reduction barriers (for large construction sites)

e Waste should be properly disposed of and not stored on the premises or on the roadside.

e Proper handling and storage of raw material: cover the storage and provide the
windbreakers.

e Vehicle cleaning and specific fixed wheel washing on leaving the site and moving on
haul routes.

e The actual construction area is covered by a fine screen.

e No storage (no matter how small) of construction material near the roadside (up to 10
m from the edge of the road).

e 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 PMio (17.5 kg/d) and 72%
in PM25 (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 PMio (609 kg/d) and 81%
in PM2s (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
(DQG) 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 PM1o and PM2.5 emissions.
The average silt load, an important factor in PM emissions from the road is 8 g/m?. 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 PMio emission estimated is
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12735 kg/day and PM2s 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 PMio and 1511 for PMa.s.

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 PMio (5348 kg/day) and
PM25 (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 PMio (9041 kg/d) and PM2.s
(2063 kg/d).

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.

If the silt road is greater than 2 g/m?, the vacuum-assisted sweeping should be
carried out along with water washing by the municipal council.

NHAI should ensure that the silt load on highways is less than 2 gm/m?.

The condition of the roads must be maintained properly with no potholes and
shoulders paved by interlocking concrete to have a proper sidewalk.

Convert all unpaved, partially paved roads to fully paved roads. PWD (Public
Works Department) and city administration may take action in this regard.

The truck carrying construction material, or any airborne material should be
covered.

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.

Shrubs and perennial forages, or grass covers should be planted on the medians
wherever possible.

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, PMio, and PM2s. The source

apportionment results show that commercial area GCRF have large vehicle contributions with

an overall contribution of 20% in PM2.s 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 PMa.s emissions. This option must be explored as
Bharat stage VI (BS-VI) fuel is available and this technology can be adopted.
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.

By the end 0f 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
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.
Restriction on the bike-operated commercial rickshas in the city and encourage to use
CNG/electric vehicles for commercial activities.
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%.
Heavy Vehicles Like buses and trucks on BS-II must be scrapped off and at least the
fleet be on BS-IV.

. 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.

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.

Linking of PUC centres with remote servers and elimination of manual intervention in
PUC testing.

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).

Restriction on plying and phasing out of 10 years old commercial diesel-driven
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vehicles.

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.

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.

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.

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.

Route rationalization: Improvement of availability by rationalizing routes and fleet
enhancement with requisite modifications. Ensure integration of the existing metro
system with bus service.

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.

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.

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.

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.

e 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%.

e 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.

e 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 PMio and PMzs. There are about 153 air-polluting units in the city (see section: 3.2.10,
Chapter 3). The total PMio and PM2.s 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:

e 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.

e 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.

e The area and road in front of the industry should be free from any storage or disposal
of any waste or raw material.

e 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.

e Adequate and quality electric supply should be available to the industries for an
effective industrial operation and avoidance of the DG sets.

e [t 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.

e 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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e 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, (i1) 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 SOz and NO: 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.s (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 PM2s is estimated as 22.16 pg/m® in winter (i.e., about 8% of PMa.s). 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 PM2.5s and PMio.

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

Time Frame

Source Control Action Responsible authorities (within a
specified time)
All Restaurants small or large should not use coal and
shift to gas-based or electric (for sitting capacity of Municipal corporation Firozabad (MCF) 1 year
more than 15 persons) appliances.
Hotels/ Municipal corporation Firozabad, Department
Restaurants/ | Link Commercial license to clean fuel of Food, Civil Supplies and Consumer Affairs 1 year
Banquet Halls and Oil Companies (Indian Oil/HP, etc.)
Ash/residue from the tandoor and other activities
should not be disposed of near the roadside. Requires Municipal corporation Firozabad 1 year
ward-level surveillance.
LPG to all. Some of the populations are still using Department of Food, Civil Supplies and
wood, biomass and dung cake as cooking fuel, Consumer Affairs and Oil Companies (Indian 1 year
especially in surrounding areas of city. Oil/HP, etc.)
No new building complex or society be allowed Department of FOOd’ Clv.ﬂ Supphes. and .
without a PNG supply distribution network C(‘)nsumer Affairs and Oil Companies (Indian 2 years
Oil/HP, etc.)
. By 2035, the city may plan to shift to electric cooking | Department of Food, Civil Supplies and
Domestic Sector : ) . . . .
(common in western countries) or PNG at the Consumer Affairs and Oil Companies (Indian 5 -7 years
minimum, that is completing shifting from LPG Oil/HP, etc.)
Strengthening of grid pf)wer‘supply, uninterrupted State Energy Department, UPEBL 2 years
power supply to the residential areas.
Renewable energy should be used to cater to the need
of residential houses requirements in the absence of State Energy Department, UPEBL 2 years

power failure to stop the use of DG Set.
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Time Frame
Source Control Action Responsible authorities (within a
specified time)

Any type of garbage burning should be strictly stopped.

) ) Municipal corporation Firozabad
Current waste collection and surveillance are poor. P P

S i1l 1 ired that hazard t t .. . .
urveillance is required that hazardous waste goes to Municipal corporation Firozabad, UPPCB

TSDF.
Municipal Solid | Desilting and cleaning of municipal drains Municipal corporation Firozabad
Waste (MSW) | Waste including discarded packaging material burning | The U.P. State Industrial Development Immediate
Burning in Industrial areas should be stopped. Corporation Limited (UPSIDC), UPPCB

Daily, Monthly mass balance of MSW generation and

) Municipal tion Firozabad
disposal and keep the record unicipat corporation Tirozaba

Sensitize people and media through workshops and Municipal corporation Firozabad, UPPCB,
literature distribution so as not to burn the waste. and NGO
Wet suppression of open areas and material MCEF, 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 MCF, Urban Development Department, PWD
Construction processing fa‘cility _

and Demolition Proper handling and.storage O,f raw material: covered MCEF, Urban Development Department, PWD )

the storage and provide the windbreakers. Immediate

Vehicle cleaning and specific fixed wheel washing on

MCEF, Urban Devel t Department, PWD
leaving the site and damping down of haul routes. >, rban Levelopment Lepartment,

The actual tructi hould b db
e actual construction area should be covered by a MCF, Urban Development Department, PWD

fine screen or vertical tin covers up to 6.0 m.
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Time Frame
Source Control Action Responsible authorities (within a
specified time)

No storage (no matter how small) of construction
material near the roadside (up to 10 m from the edge of | MCF, Urban Development Department, PWD
the road)

Builders should leave 25% area for green belt in
residential colonies to be made

mandatory. Haul roads inside large construction area be
brick roads.

MCEF, Urban Development Department, PWD

Sensitize construction workers and contract agencies MCF, Urban Development Department,
through workshops. PWD, UPPCB, and NGO

The average silt load in Firozabad roads varies upto 8
g/m?. The silt load on each road should be reduced to MCF, National Highway Authority, PWD,
under 2 gm/m?. Regular vacuum sweeping should be UPPCB (for silt load compliance)

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

Convert unpaved roads to paved roads. Maintain
pothole-free roads. Remove encroachment from the
paved shoulders

MCEF, National Highway Authority, PWD,
UPPCB to carry out surveillance

Road Dust Implementation of truck loading guidelines; use Immediate
appropriate enclosures for haul trucks and gravel MCF, National Highway Authority, PWD
paving for all haul routes.

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 MCF, National Highway Authority, PWD

month on major roads with road washing.
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Time Frame

Source Control Action Responsible authorities (within a
specified time)

Diesel vehicles entering the city should be equipped
with DPF which will bring a reduction of 40% in .

.. . . . . State Transportation Department 5 years
emissions (This option can be implemented with
vehicles of the BS-1V category as well)
Industries must be encouraged to use BS-VI or BS-1V . .

i . i Industrial Associations and State transport )
(with DPF) vehicles for the transportation of raw and Immediate

) Department
finished products
Restricti lyi d phasi tof 10 1d

estric 1qn og p ylng'an p a§1ng out 0 years o Transport Department 2 years
commercial diesel-driven vehicles
Restriction on the bike-operated commercial rickshas in
the city and encourage to use CNG/electric vehicles for
) commercial activities.
Vehicles - - -
Introduction of cleaner fuels (CNG/ LPG) for all Department of Food, Civil Supplies and
vehicles (other than 2-W). All new 2-W may be Consumer Affairs and Oil Companies (Indian 2 years
mandated to be electric vehicles. Oi1l/HP, etc.)
Check t load: Expedited installati f weigh-in-
moiicon gr(i)(;] eers():nd nﬁz:ehiil:s ;121? eitlon (zm:: 1iitolrl Transport Department, Traffic Police, Six-months
) g P Firozabad, NHAI, Toll agencies

Firozabad.
Electric/Hybrid Vehicles should be encouraged; New
residential and commercial buildings to have charging Transport Department. RTOs Firozabad | vear
facilities. All new city and school buses should be P P ’ Y
electric.
All int d inter bus st d thei king should b .

{1t anic Inter bus STops and Hell patiiig SIouia be Transport Department, RTOs Firozabad lyear

rationalized to ensure more efficient utilization. The
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Time Frame
Source Control Action Responsible authorities (within a
specified time)

depots should include well-equipped maintenance
workshops and adequate charging stations.

Enforcement of bus lanes and keep lanes free from

. MCF, RTOs Firozabad 1 year
obstruction and encroachment.
Route rationalization: Improvement of availability by
rationalizing routes and fleet enhancement with RTOs Firozabad, Traffic Police, Firozabad 1 year
requisite modification.
IT systems in buses, bus stops, control centers, and
passenger information systems for the reliability of bus | RTOs Firozabad, Traffic Police, Firozabad 1 year
services and monitoring.
Movement of materials (raw and product) within the Transport Department, Firozabad, RTOs |
city should be allowed between 10 PM to 5 AM. Firozabad, Traffic Police, Firozabad yeat

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- Transport Department, Firozabad, RTOs
vehicle or on CNG. All new public transport should be | Firozabad, Traffic Police, Firozabad
CNG or electric buses. Diesel buses below BS-IV must
be restricted in the city.

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

2
Firozabad, Traffic Police, Firozabad years
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Time Frame
Source Control Action Responsible authorities (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
zjgst;c:;r;rs, who will have to build required vehicle Transport Department, Firozabad, HMDA, 2 years
.. ) ) ) RTOs Firozabad, Traffic Police, Firozabad
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.
Public transport to be strengthened with adequate
number of buses, route plan based on commute surveys | Transport Department, Firozabad, RTOs 25 years
and Mobile App based ticketing and seating system is Firozabad, Traffic Police, Firozabad
developed in all major cities
Ensur%ng famlssu?n standards in industries. Shifting of UPPCB, Industries Department
polluting industries.
Strict action to stop unscientific disposal of hazardous year
. . MCF and UPPCB
waste in the surrounding area
] There should be separate Treatment, Storage, and Industrial Associations, Industries
Industries and ) s 2 years
DG Sets Dlsposa}l Facilities (TSDF s) for hazardous waste. Department, UPPCB

Fndustr.lal waste burning should be stopped Industrial Associations, UPPCB Immediate
immediately
Following best practices to minimize fugitive emissions
within the industry premises, all leakages within the Industrial Associations, UPPCB Immediate
industry should be controlled
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Time Frame
Source Control Action Responsible authorities (within a
specified time)

Area and road in front of the industry should be the

s ) Industrial Associations, UPPCB
responsibility of the industry

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, | Department of Food, Civil Supplies and
Rise Husk, Wood, HSD, Furnace Oil, Waste, Firewood | Consumer Affairs and Oil Companies (Indian 2 years
and other dirty solid fuels which must be shifted to Oi1l/HP, etc.), Industrial Associations, UPPCB

natural gas and electricity. A regular surveillance
should be done frequently to identify illegal operations.

Multi-cyclones should be replaced by baghouses.
Ensure installation and operation of air pollution Industrial Associations, UPPCB 2 years
control devices in industries.

Diesel Generator Sets

Strengthening of grid power supply, uninterrupted

State E Department, UPEBL 2
power supply to the industries. ate Tnetgy Lepattinent, years

Renewable energy should be used to cater to the need
of office requirements in the absence of power failure Industrial Associations 2 years
to stop the use of DG Set.

Efficient recovery system for solvents in chemical
industries: The technologies suggest 95% recovery of | Industrial Associations, UPPCB 1 year
VOC:s is feasible and same may be adopted
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Source

Control Action

Responsible authorities

Time Frame
(within a
specified time)

Decongestion of

Strict action on roadside encroachment. Disciplined
movement of tempos to stop only at designated spots.
Action on driving in the wrong lane.

MCEF, RTOs Firozabad, Traffic Police,
Firozabad

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

RTOs Firozabad, NHAI, Traffic Police,

Roads in high .. . 1
oacs I Als traffic systems for lane-driving. Firozabad year
traffic areas o cchanized multi-story parking at bus stands, and bi
echanizec Mull-story parking at bus stands, and be | oo pirozabad, MCF, NHAL Traffic
commercial areas. Remove at least 50 percent of on- ) )
L. . Police, Firozabad
street parking in the city.
Identify traffic bottleneck intersections and develop a
smooth traffic plan. For example, Karku Kothi Tiraha, | RTOs Firozabad, MCF, Traffic Police,
Jain Temple Tiraha, Shanti Road Chauraha and New | Firozabad
Bypass Chauraha are the main bottlenecks for traffic.
P?rking policy in cong.este.d a.rerfls (high park.ing cost, at RTOs Firozabad, MCF, NHAL Traffic
city centers, only parking is limited for physically . .
Police, Firozabad
challenged people, etc).
The important points of congestion are Jain Temple RTOs Firozabad. Traffic Police 2 years

Tiraha and New Bypass Chauraha. Parking on these
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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).

Units of
Source Emission PMio PM,; s SO: NOy CcO
factor
Wood g/kg 5.04 4.54 0.48 1.4 31
Crop
residue g/kg 11 9.90 0.12 0.49 58
Domestic 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
g/lit and
LPG ke/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
) . wood g/kg 15.3 13.7 0.2 1.4 1154
Brick Kiln
coal g/kg 10.15 7.10 13.3 3.99 24.92
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
Industrial Wood g/kg 17.3 15.57 0.2 1.3 126.3
6 13
Natural -} kg/(10)"m™ | 5 ¢ | 1094 9.6 2240 | 1344
gas (SCM)
Coal g/kg 10.15 9.14 19S 11 0.25
Diesel g/lit 0.0266 0.024 0.0248 0.376 | 0.0812
2 g/vkt 0.035 0.03 0 0.29 2.12
wheelers
3 g/vkt 0.27 0.24 * 0.5 0.54
wheelers
Vehicle 4 g/vkt 0.06 | 005 * 0.25 1
wheelers
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/m? 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 PMio SOz NOx CO
Gl 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
Gl1 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
Gl4 0.00 0.00 0.00 0.00 0.00
G15 0.00 0.00 0.00 0.00 0.00
Gl6 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 PMio PM; s SO; NO« 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
G359 207.39 58.58 18.08 94.72 124.33
G60 124.10 38.57 1.76 55.91 127.04
Gé61 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 PMio PM; s SO; NO« CO
G82 0.00 0.00 0.00 0.00 0.00
G8&3 0.56 0.42 0.10 0.31 242
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 22341 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
GI1 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
GY% 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 22598
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
Gl14 42.99 29.78 5341 16.82 107.13
G115 35.12 10.42 0.50 11.79 27.14
Gl16 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 PMio PM; s SO; NO« 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
Gl61 0.00 0.00 0.00 0.00 0.00
Gl62 0.00 0.00 0.00 0.00 0.00
G163 42.00 16.08 43.00 122.98 89.94
Gl64 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 PMio PM; s SO; NO« CO
G168 12.04 7.53 1.61 6.62 40.63
G169 185.00 5243 244 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 PMio PM; s SO; NO« 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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améodoTONR0 |2 THOTOY/
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$re3 wEEs a9 01
FEew s #
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areow & gl
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FREFRNEH FREANEN
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smso¥odoH0 & we R & s Agr
JqaETy  THOHON0 vd o 551
v & RAE FowoHoH &
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FATE e A TG e BAwEr (T ®UEE U3 HAS
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. B

Results (DLRs) & fARd &1 H0N03R0 & Iwadfer Iuaa THFd Faed & DLIs
# wits #; Faa A I g Programme for Results (P for R)
Mechanism tmmmmuvmaﬁmmmlm
¥ e aRAiser & oA RRaeags ¥ HewaoT oF i BT FEr o
fla 1 = 3, Oed IR W wrefaua Ramr @ e st Fll| oW
Horemer W URE” @R H0N0NR0 F BRE FHAE F Regt F
frawaga &t JHepHaor wd FLWFF‘I‘ fFar S, arf$  Programme for
Results (P for R) Mechanism & deedigd e et &1 AEAEaR o
Rear ST gRAREE 8 W

B I WY FG TR AdeRer W & e dRaser Raé
(D0N0HRO T§ 2024-25 | 2029-30) H J+FHAEAW FEAEr F ﬁﬁaﬂ *
Rraeaas ¥q qator, & vE ey g e ganr At A F e
frar SR R ¥ el SEaRd FaaE & Regit F Raeaad &g
ST WA FAE TR Aeeee Wowe ¥UREY ¥ @R At arfdw
FRLSAT & HTAR TATROT, & W Forarg IR T ganr wrafeua e
i ¥ eaeta aote WY FET SR Jur RS ¥ fraage e
F AT WU FE O Ao Weiee A # IERET § UR W
AR HERE $r Sl oRdeEr F ot Rt gawr smEfea gt
¥ wner AuniFarAcar dRsfdT wifd & RBawor & @ sy
THETON AT YT FA A Adedee Mo FuRE F 3ueey FIET SR
RS F Hahd Y T s #r o uien wefld Favaaa e @
Frr S

7-  weed REeEr # Reg #F @ OfR| S I @ FAa e dw
¥ ¥eddia fava &% @R Energy Sector Management Assistance Program Clean
Cooking Fund (ESMAP) Grant ¥ 3eeidid ST WHN HI Helal (Grant) 39ered
FAT AT SR §1 weaera aREise 3 Tow e HOl W ae a9R A
sars adf, faftesr #gmait # frg #F (IBRD) %UT & (lending rates) e &
Rt gereTers aRevdt & 3R W RE w@ aww apafae aRaser e
Zar g dF & W@ F HUR W T IR FAE T AATHT

SIorEe” ST HOT Japanese Yen (¥) # frar smam oRdieem & wwafewd %0 v@
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ANNEXURE 3

I U A
TR, o v srary ofada sepi-7
HTAl- 897/81-7-2024
Tuas: A (2. GEeR, 2024
AT AT

W U ST & eevid faw O & wear § CSex ued Fer
TR e Weire fraftda R o & geaeu d rEdrRl [dedl-
£83/81-7-2024, f&ies 08.11.2024 fadid fem I/ &) 3R WA TSU &
s fau & & woma @ TR WS FEE TR SdeiRe Ueedt &
frarerma & A ToUue TAegRT U3 Ul Feie TR deediee Weiae

3RMEA - fadu wisE ars (SPV) @ Tow fAeaad f6d S| & Ged ¥
dgfa ved o € -

]
1. IName of the ‘

. . |
“Uttar Pradesh Clean Air Management Project Authority™ |

Authority andd it shall work in Uttin Pradesh duly embedded  in
! Department of Envitonment Forest and Climate Change
F(DOEFCC). GoLp ‘

2. [Registered The Authority shall have its own separate otfice which will
| Office of the | inidally be'in Directorate of Environment, Vineet Khand-1, |
! Authority | Gomiti Nagar, Lucknow, Pin Code-226010, i
| " | This addiess may be changed by adopting and passing the |
'| tesolution by the Governing-Body oi the Authority. [

| : !

3. Aims and CThe aims and  objectives for which the  Authority is
lobjectives cstablished shall be:

1. To tacilitate implementation of World Bank financed
UPCAMP program under the umbrella of National
Clean A Program, as per the approved DPR ot
UPCAME i the selected  project  geographies
through regular guidance, supervision, maonitoring
and evaluation measuses. : '

1. Bu  duly ompowcrcdh and  enabled  with  1he
implementing structure inclusive of all stakcholders !
to achieve the nationally determined air quality |
| standards for the state of Uttar Pradesh. ’
|

|

i

|

M. T will have complete  flexibility  and  financial
delegation to implement the World Bank financwd
project.

Planning. design, maintenance and prioritization |
of waorks in the

cconomic/financial - analysis
investments, '

project including ;
ol returns op

]

———
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V.

Vil

VL.

XI.

XI1.

XII.

XIV.

8465 C

= - SR

: ) ’

ltor  the | \
Provide technical support. and mmcms | \
activities of the implementing dcpanfn ;,
agencies with respect to implementation ol the

World Bank financed UPCAMP and overall clean

air actions across the state through regular review, -

site visits, and feedback for course corrections. if
ANy requirecl.

Development of the data and knowledge of the
Indo- Gangetic Plain
of mitigation

and adaptive measures based on
scientilic analy

sis. modelling and forecast.
Facilitate and coordinate actjv

implementing agencies and dep
state for sharing and d

Ay ’

rawing of knowledge and
experiences n support  effective planning  and
implementation of qair pollution control measures
in Unar Prades),

Advise the Stare Government iy martters of Ajr
pollution and i also take responsibility  (or
development of Inter State coordination assigned
by GoUP as ang when opportunity

Coordination with

submitting of all (he
lime,

arises,

he Worlq Bank

and ensuring
Progress and

annual repons in

airshed 10 support planning

ities among’' the ¢
artments within the |

" ’

|
]
Oversee Capacity building of gove

mment officerg |
via exposure visits and training Programs bath
nationally and internationally anq assisting i
handholding of implementing agencies and other
stakcholders. This includes

doveloping and
retaining a best practice epository (Mode] REP
documents. Draft DPRs, Financial models. begg

practices in SPV  formation, use ol financiy]
instruments and risk mitigation (echniquos) and i
mechanism for knowledge sharing across States

(through publications, workshops, seminars ),

Promote awareness through various outreach
programs.

Establish an appropriate planning.. dt:signing._,
implementation, maintenance. comd!nauon -;11;“'.
monitoring  mechanisms ~ for m‘r( q:“: ()‘
improvement and to delegate appropr ate p “(.lr.,
as may be necessary for the implementation of the
sdme,

Support all air pollution control mcasur?sl_;.;d
l . 3 nt o ndia
.ntgn-cnlions financed b)f Goxlem:leer ol 0;1
l | other funding agencies when

and o

asls.
case to case b o g
. MoUs. agreements, contracts with
Enter into :
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[

XVL

XVIL

XVIiL.Mobilize resources within

itutions of any Jegal entity tO

T al entity
o als and objectives of

persons incl
ate to meet the go

enable the st
the program.

Take all such actions.
mentioned above but consl
incidental towards achieveme .
objectives of the authority in consl
prioritics of the state governmen(
approval of the governing body.

les and procedures for the smooth
y and time (O time

including those not

dered necessary for or
at of the goals and
stent with the
after due

To make ru
functioning of the authorit
modifications of the same as re

centre of excellence and fund rese

quired.

To establish arch

activities.

timelines and take
measures necessary for the mobilization of
resources under the UPCAMP. '

-

|

perty for the E

XIX. To acquire movable and immovable pro
: attainment of the objectives.

XX. . To co-ordinate with other IGP states for the purpose of
well-co-ordinated clean air.actions across the IGP
airshed. ' ' ’ :

XXI. Any other work assigned by the state govefnment.,

4. Governing The names, addresses and occupations of the first
Body of the members of the Goveming Body to whom by the Rules
Authority and Regulations of the Authority, the management of the

affairs of the Authority is entrusted are as follows: -

S. Name, Occupaﬁun and | i i

0 ‘ | Status in the

No. Address of the office held i~ Authority

1 2 %
1. Chief Secretary :
cretary : Chalrperson

2. ACS/PS Finance, Govt f :

Uttar Pradesh e Member
3. ACS Agriculture, Gov

. t. of

Uttar Pradesh Vieigber

4, ACS/PS Environment, M
Forest and Climate Change, SmERE
Govt. of Unar Pradesh Secretary

5. | ACSPS Medical h I e =
family welfare, G Fah Member

. Govt. of Uttar
—— ]
Page 3 of 31




1. Name and

extent

2. Registered
office of
the

Authority

38467

Pradesh

——

ACSPS, Planning, Govt. of

Department, Gavt, of Uttar
Pradesh

ACS/PS Rural Development, Govt, | Member
of Uttar Pradesh

Chairman, UPPCB, Gowt, of

Member

'| Unar Pradesh

"—%,__ —_— — -}
' ACS/PS Utb,

an Development,

Member
Govt. of Utar Pradesh
ACS/PS Transport. Govt, of Member
\ Uttar Pradesh

13, | Principal Chief ¢

Member
Uttar Pradesh 1 A
ACS/PS MSME. Govt. of Member
Uttar Pradeshy E
ACS/PS Infrastructure and Member
Industrial Development

onservator of | Member
Forests and HoFF. Gour, of Urtar
Pradesh [
14. Department of External Member
| Alided Project, Govt of
| Uttar Pradesh
Tre——
5. \ Head of PMC {TERI) Member
S B e
This will be the highest decision-making body of the !
Authority,  This Commite

¢ may invite any

oncerned
N as special invitee,

|
:SH CLEAN AIR MANAGEME

) AUTHORIT\'
esh Clean: Ajr M
and it shall work in Utar
Depariment of Epy

(DoEFCC), Goup,

"Uttar Pro

andgement Py
Pradesh duly

et Authoriy™
ironment Forest

embedded in :
and Climare Change -

y shall have its awn sy
initially be in Directorate of Env
Gomti Nagar, Lucknow, Pin Coql

The Authorit

drate ottice which will
frommeny, Vineet Khand-1,
¢-226010).

This address may be chinged by resoly

tion adopiel and
approved by the General Body of the

Authority

Page 4 of 31
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% | Alms and The aims and objectives for which the Authority is
Objectives established shall be: |
of World Bank financed |

| I, To lacilitate implementation
‘ UPCAMP program under the umbre
Clean Alr Program, as per the app
? UPCAMP In the sclected projec!
| | through regular guidance. supervision,
|

|

|

lla of National
roved DPR of
geographies
monitoring

and evaluation measures.
1. Be duly empowered and enabled  with the
jve of all stakeholders

implementing structure inclus i ’ ;
to achieve the nationally determined air quality

standards for the state of Uuar Pradesh.

II. It will have complete flexibility and ffnanc':al
delegation to implement the World Bank financed
project.

and prioritization of

IV. Planning. design, maintenance 122 _
g economic/financial

works in the project includin
analysis of returns on investments. 4
and monitor the
artments and
ation of the

V. Provide technical support
activities of the implementing dep

agencies with respect to implement
World Bank financed UPCAMP and overall clean

air actions across the state through regular review.
if

site visits, and feedback for course corrections, 1
any require

VI.  Development of the data and knowledge of the Indo-
Gangetic  Plain aitshed o support planning of
mitigation and adaptive measures based on
scientific analysis, modelling and forecast.

VII. Facilitate and coordinate activities among the
implementing agencies and departments within the
state for sharing and drawing of knowledge and
experiences to support effective planning and
implementation of air pollution control measures in
Uttar Pradesh. '

VIIl. Advise the State Government in marers of Air
pollution and will also take responsibility for
development of Inter State coordination assigned by
GoUP as and when opportunity arises.

IX. Coordinadon with the World Bank and ensuring
submining of all the progress and annual reports in
time.

X. Qversee Capacity building of government officers
via exposure visits and training programs both
nationally and intemationally and assisting in
handholding of implementing agencies and other
stakeholders. This includes developing and retainin
a best practice repository (Model REP documentsg

Page 5 of 31
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111 : 4
——— = Financial models, best practices in Spy 7
Draft DPRs, ncial instruments and rigk

| {ormation. use of fina i edhaion o
iigation  techniques) 4 Bitonst
| :" gl dge sharing  across States roug
1 nowle T ‘ |
publications, workshops. seminars) |
various - outreach |

X|. Promote ~awareness through

programs. o

. . : o

Establish an appropriate plannmg..dc'SIg:m g,
& - . l

implemenmlion. maintenance. coordination anc

monitoring ~ mechanisms for —air qua}n_v
improvement and  to. delegate appropriate

powers as may be necessary for. the |

implementation of the same.

XIL

Support all air pollution control measures and
interventions financed by Government of India
and other funding agencies whenever asked on

XML

case to case basis.

XIV.  Enter into MoUs. agreements. contracts with
persons including institutions of any legal entity .
to enable the state to meet the goals and |

i
[

objectives of the program. ,

XV.  Take all such actions, including those not
mentioned above but considered necessary for
or incidental towards achievement of the goals
and objectives of the authority in consistent with
the priorities of the state government after due
approval of the governing body.

XVIL.  To make rules and procedures for the smooth’
functioning of the authority and time to time
modifications of the same as required.

'XVII.  To establish centre of excellence and fund
research activities.
XVIIL. ~ Mobilize resources within timelines and take

measures necessary for the mobilization of
resources under the UPCAMP.,

XIX.  To acquire movable and immovable property for
the attainment of the objectives.

XX. l'o co-ordinate with other 1GP states tor “the
purpose of well-co- ordinated clean air actions
across the [GP airshed.

XXI. Any other work assigned by the state government.

S ————

Definitions In the interpretation of these rules the following expressions shall
have the following meaning unless inconsistent with the |

subject or context: - !
a) "Act” means the Sacieties Registiation Act. 1860 ]
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(Act Mo. XXI of 1860):

"ACS" means Additional Chief Gecretarys

»pS" means Principal Secretary i
incipal ie

"PCCF 1 HoFF" means principa ;

o " and Head of Forest Forces:

Conservator of Forests
"CAMPA" means Clean Air Manage

Authority
"CEQ" means Chicef Executive Officer:

ment Program

person of the Authority

Authority:
e Government of

means Chair
Body of the
' means th

nChairperson”
and Governing
"Central Government'
India:

i) "Special Secretary’
Jent in Gover
ator of Forests”

orests or equivalent

' means Special Secretary Of

nment of UP;
means Chief

in Department

equiva
j) »Chief Conserv
Conservator of F
of forest;
k) “Department’ means Department of Environment,
Forest and Climate Change. Uuar Pradesh;
"Executive Committee” means the Executive
Committee as constiruted under rule 28 of these

Rules;

m) "Governing Body
Authority as constitute
means the State Govern

overning Body of the

* means the G
e Rules;

d under rule 27 of thes

n) "Government"” ment of
Uttar Pradesh;

o) "State” means State of Uuar Pradesh;

e Uttar Pradesh Clean Air

p) The «Authority” means th

Management Program Authority;

"pMU" means Project Management Unit.

q)

r) "PMC" means Project Management Consultant.

s) "Project Legal Agreement(s)” refers to the
the Government of Uuar

agreement between
Pradesh, Government of India and the World Bank

for the financing of the UPCAMP.
t) “DPR" refers to Detailed Project Report.

Members of
Authority

The Authority shall consist of all the members of Governing

Body and Executive Committee.

Terms of
non- official

members of

The term gf office of nominated non-official members in
the Authority shall be two years: Provided that non official
members may be renominated; Provided further that total

rerms of office of the non-official members shall not exceed

Authority

Page 7 of 31



G years.
| 4

7. Terms of ex—
offido member
of Authority

i > ex-officio members P
The membership of the ex ‘ il the )
or its any commitree/body shall terming ¢ whep hosgy, iy
Ceases/coase o hold office by virye

. LT N
of whicl, 1“"3‘1@::;“ \
wasiwere  members of the Authority and his”‘“”lhm“
successor(s) will awomatically become

the mempe, Unlg,

. 5 |
moditied by Chairman or the competent authority,
8.1 Roll of

The Authority shall maint

\

—— A
ain a Roll of memberg and eyer,
|
ity ' Iand state in |
Members member of t)e Authority shall sign the Roll an e e i(hemm !
histher occupation and address. N person shall he deemeq
0 be member unless heishe s signed the Ry as
aforesajd,
‘ —_—
9. Change of IFa member of he Authority changes his‘her address, hesshe
dd Mav notify his/her ey address in the Ro| of members, But
Address if hershe fails 1o notify histher new address, the address i
the Roll of members shal| he deemed 10 be
10, Cessation of

correct address,

T ——

==
to be Mmember jf
ound ming, becomes
al offence involving

ed by the Covernmenl
Y orif he/she

A member of the Authority sha)) cease
membership hesshe dj igns, becomes of uns
i i victed for 5 crimiy

il he/she is remqv

Authorijt

withoug

of the

Post they helg in
ase to be 5 member of (he .
an rolinquishing the chay F

Resignation A member of

Authorily
the Gover

aulomatica||y

, —_— =
the Aulhonit_v. other ¢

. han (e Membey of the
who is Membey by virnye of the POSt he holds in
nMent. may rec;

Y a letter addressod to

Person ang such resj ion sha|y take eftecy from

the date iy ig accepted by the Chairpersnn.

12, Vacancy vacancy in the Governing Body o Exe
Committee shall he filled iy by Nomination ang it
office of 4 member Nominated 1 fill g Casugq| v

continue for the remainder of the tern

whose place he is hominateq,

Any

T ——
Cutiv
1€ termy of !
acaney shall

Vot the Membey jy,
13. Effect of

No act or
Vacanc_v

Proceedings of (e

Commitee  shqy be invalig merely by
existence of any vacancy therein ar of
aPpaintment or Nomination of

—_— —_

(30\.'0rninp, Bodv or Executive
feason of the
any irregularit_v in |

any of its memhers ‘

—_— —_——

—_—
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g — _—
14. Meehng‘ of The Governing Body shall meet at Jeast twice a year and ;
| Governing whenever the Chairperson thinks fit.

\ Body

| mect ones every 3 months
r interval as may

| 15.

The Executive Committec shal

but it may also meet earlier of at such othe

be decided by the Chairperson-
-

Meeting of
Executive
Committce

P

_  —

For every meeting of the Governing Body or E_xccutive ',
Committee fifteen day's notice shall be given: provided that

in case of emergency the Chairperson may reduce the

period of notice to such period as he deems fit.
e

———

Not less than half members of the Governing Body or
Executive Committee as the case may be shall con'slilul‘e
quorum for any meeting: provided that if a meeting.1s
adjourned for want of quorum, 2 fresh meeting shall be

immediately convened.

Notice for
Meeting

17. | Quorum

at. shall preside at every meeting

The Chairperson, if prese
Committee concerned.

18. | Presiding
of the Governing Body or Executive

Officer of :
Meeting In the absence of the concerned Chairperson: meeting shall
| be presided by person nominated by the Chairperson for

| the meeting. |

[ P —

19. | Vate Each member of the Governing Body ©f Executive |
Committee shall have vote and all the matter shall be

equality of

decided by the majority of votes. In case of
votes. The concerned Chairpersen shall have a casting |

vorte.
- ——

i 20. Resolution Agenda of the meeting of the Governing Body or '
‘ Executive Committee shall be circulated among the
t members at least seven days before the meeting: Provided
that a member of the Govering Body or Executive
Committee may move a resolution at a meeting of the
Governing Body or Exccutive Commitiee after giving a
notice of one clear week or with the permission of the
concerned Chairperson 0f the person presiding over the

| meeling.

Any business which it may be necessary for the Governing
Body/Executive Committee to perform may be performed
by a resolution in writing. circulated among all its members
and approved by a majority of the members recording their
consent of such resolution and it shall be as effective and
binding as if such resolution has been passed at a meeting
of the Governing body/Executive committee.

L

21. | Ruling of Ruling of the concerned Chairperson in regard to all
the questions of procedure shall be final.
Chairperson

22. | Minutes The minutes of the proceedings of a meeting of the

Page 9 of 31




‘23. Authenticatior

24. Copy to
Government

overnment
25, Rules for

Various
Allowances

—_—
26, Functions of
the /\ulhorit_v
I
—_

1
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o e S
- or Executive commiqee shayy N
) ning Body or I circulareq ey
Governil b“ her-Secretary anc c41 Med amgy o
LR o or Executive Eey
up by of Governing Budy e .m
members along with any amendments sygg
T inutes ¢ : N nieg
the mmul for confirmation at the ne o
i * ey
be placec Bodv or Executive (,c;mtml ‘ri(,
SOV nill 2 B ipnec " 10
(J(‘)\,elfv\ ?re confirmed and Sl%:::dud-in
“‘I"“_‘ sorson they shall be rec
Chairy .
Book.

N
-

M, ‘

iy
Sted :"\
ting of t

A iler ‘}s

Concer
the

’ 1 / ing Bml\ O
lers and decisions of the ('()\L‘r_lml;li,(l od m;
(4]¢ » )

Il:” m('w committee shall be authentic: \

Necutiv e

signature of the concerned Meiber

etary or any
other

on authorized by the Governing Body
pers . A
'Executive Committee in this behalf.

Apart from the matters ro
Government under these

submitted 10 the Gov
detail thereof, 3 copy
meeting  of
Executive

G

quiring approval of (}ye
Rules. which - shall be
ermment  separately _L',i\.'inp,‘lull
of the praceedings of cacly of the
the Authority ) Governing Body

or
committee  shall he furmished (o

the

A non-officia| memb
constituted by the
Executive

Authority ang
or the Gov
Il be entitled (o
ance as may he
andbook Volume |
S.l~4-|487/hu<-
1988 of Vita
Uttar Pradesh:
Govornmem or
the Aulhorit_v

Executive Committee will be

Governmene rules for travellin
respe

er of the
.»\uthuril_\'
committee sh
allowance and daily ajlgy,
rule-20 of Financial H
memorandum

December 1.

Governmen, of
the Cenral
members  qf

any committee
erning Body or

such travelling
admissible under
['read wigpy office
88-600/85 dated

(Saman_va) Anubhag--l
Provided

the Govory
or the

in Connection

ith the business
Governing Budy

or Execu(ive C

.

OMmittee,

—_—
Au(horily sh;
[mplemenling.
pollution Mitig
aCross  he state
world  bank
BOvernmen,

M;limaining a4 separate bank
of the funds feceived anq p,,
amounts spey,.

Creatin

OVerseeing

pron
ation and

0ting air
Measuyreg

R
fNeg |
Minuu,-s \

——

\
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e

mobilizing citizen engagement and support.

(iv)  Authority shall do the monitoring and cvaluation'of
the works undertaken related to UPCAMP in line
with  funding  program agreement and
implementation of state Clean Air Action plan.

(v) Engage and facilitate third-party independent
verification agency as required for the Worlfi Bank
program for Results Finance and submit DLI
verification reports entwined to the World bank.

(vi)  Ensure monitoring and follow up of the Project legal
agreements and Detailed Project Report.

(vii) Coordinate with the implementing agenc'fes arld
departments and receive physical and f_lnancml
progress reports and audit reports in time for
implementation of UPCAMP.

(viii) Establish its own salary structure and allowances
and benefits structure and to employ. retain or
dismiss/terminate personnel as required.

(ix)  Accept, make, enclose or otherwise execute |
cheques. drafts, receipts, bills of exchange or other
instruments and securities as are required for the
conduct of the authority's business.

(x) Make rules and byelaws for the conduct, of the |
aqtivities of the authority and to add, rescind or vary
them from time to time as deemed necessary.

(xi) Constitute such committees as the authority may
deem fit to carry out its functions or to provide
advice on matters related to authority's activities.

(xii) Develop the reporting mechanism for all
implementing  agencies/departments w.r.t 10

activities being  undertaken/financed  under |
UPCAMP. '

l
(xiii) Do all such other things not mentioned above as the |

authority may deem fit for the attainment of all or
any of the project objectives.

(xiv) After phasing of the World Bank, project may
continue to facilitate the implementation of the

long-term strategy for air pollution management in
the state.

(xv) To coordinate with related State Government
Departments and Gol to ensure maximum possible
allocation under Centrally Sponsored Schemes
related to Environmental and Air

Management. Quielity
27. | Governing 1) The general superintendence, direction and control
Body of of the affairs of the Authority and its funds and
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0

the '
. Authority

able and immovable slmm\
praperty, Mova ! :
in the Governing Body.

V4
v managed by the Cnvumin
The Authority shall be m 2 v =
2) e icting of the following:
Body consisting ) . T——
. Occupation and Status m'lhe
\ S. Name, Oc I I flice held Authority
Address of the ¢
l No
. —— 3
‘h 1 2 3 3 — et |
‘ - Chairperson
Fl. Chief Secretary . e
B ' , Member
| 2. ACS/PS  Finance. Govl. of
l Utiar Pradesh _
T - e , er
L3 acs Agriculture, Govt. of Memb
i Uttar Pradesh LN | |
I~ s T T——— T o e
4. ACS/Ps Environment, Member
Forest and Climate Secrelary
Change, Govt, of Utar
Pradesh
[ 5. ACSPS Medical health and Membe;
family welfare, Govt. of Uttar
[ Pradesh }
6. Acsips, Planning, Gow, of Member
Uttar Pradesh
| 7 Acsips MSME, Govt, of Membey
Uttar Prades)y
e . ‘
8. ACS/ps Infrastrucryre and Member
Industria) Developimen
| Dep.irtmem. Govt. ur Uuar
Pradesh
9. ACS/pS Rura| Developmem. MomBor T
Gowvt. ¢f Uttar Pradesh
TP — =
| © Chairmap, uppCy, Gawy, of Member
| Uttar Pradesh
—_— o i
i L ACS/ps Urban Dovolnpmem. Membgy
Gowvt, gf Unar Prades|
12, ACS/pS Transpor, Gowt, McmbL-r i
of Utaar Pradesly
| 131 T )
[ B Prmclp.n[ Chief Cnnsnrvnmr of f\'I(\mber

<
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Pradesh

e —————

‘ —

l)up.mnwm of External
Aided Project, Gowt of

Forests and HoFF, Govt. of Unar

— — \

|
! Member
|
|

“ Uttar Pmdcsh

lo Head of PMC (TERI) Member

R) The Governing Body may invite and concered
officer/person as a special invitee.

4)

[t shall lay down the broad policy framework for
the functioning of Authority and review its
working from time to time. It will provide overall

guidance and play an advisory role to the
Authority regarding:

Overall policy direction and guidance for the
approved activities of the UPCAMP and
clean air actions across the state.

Appropriate  guidance and powers to the
Executive Committee chaired by ACS/PS,
DoEF&CC  for implementation of the
envisaged goals and objectives of the |
program.

Approve annual work plans, annual reports,
audit  reports, and or other such
documentation related to  UPCAMP

submitted by the Exccutive commitee for |
approval/guidance.

Approve an independent auditor for the |
Authority.

Approve the annual budget of funds based on
progress in implementation of UPCAMP.

Recommend mid-course correction in the
implementation as and when required |
and also to change the outlay in World

Bank financed UPCAMP across the

sectors and sub- components on need
basis.

Lay down andfor approve rules and

procedures for the functioning of the body
and its executive commmee

Approve . an internal pohcy for managing !
Human Resources contracted or brought on

by deputation by the Authority and its
Directorate.

Undertake half-yearly review of activities of |
the project including budget, implementation |
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Executive
Caommittee

8477

— . —_— -

' . . ) \,\
co-ordination  with — other Mission,,

and e f sie
and activities o Varioy,

schemes
departments.

Strive for greater t‘ull‘.('[‘;:vnlu- f).f differen
ochemes under nmplementation in varioys
sectors to facilitate implementation of long.
term strategy for air pollution management i

the state.

e Provide guidance regarding future actions,

«  All other works Bodv deems it

i i - embe
Exccutive Committee shall consist of the tollowing members

of the Authority:

Post

S.No. Name and Designation
" Additional Chief  Secretary” Ll
PS. DoEFCC
A ‘Socw(ar_\. Planning Member
3 Secretary, Finance Member
5 Nodal officer of Transporn Member
Department
N Nodal = officer of Urban Seriles
Development Department
¢ Nodal officer of Department i \1Vemlwrr
" of MSME ‘
P " Nodal off cer of Department - R
7 leer @ P Member
of Rural Development
[ " Nodal n!’fico?u?ﬁcpar:mom o
p 3 Ne )
8 of Urban Local Bodies Tember
I ~ Nodal officer ()f—[);a;l_];t’l_ll‘ﬁ '
< ) »
i ot Animal Hushandry Mumber
[ * Nodal officer of Department g
( 0 »
] ol Agriculture Member
1 " Nodal officer of [ipTr(m.c;m ' \ . B
of Industrics Member
* Nodal ulficer of Deparanent )
12 of  Health  and Family - Member
Weltare
 Nodal allice t;l_'ll.lll.islrllL_lil;L' P N
13 and Industrial Development | Member
Depanment
4 NS UPPCR " Member
15 Direcun, Dal » l Membiy

. )
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H 16

Chief Conservator of Forests

ber
(nominate by PCCF&HoFF) et

17
L

CEO, UPCAMP Member Secretary

LlB

‘World Bank representatives | Invited Member

19

|
L

1) This Committec may Invite any concemed

TERI representatives Invited Member

——————e e -

officer/person as special invitee. This committee
will meet at least once in three months.

The functions and powers of Executive Committee

shall be: -

[ ]

The Executive Committee will exercise 'all
executive and financial powers of the Authority
for implementation of UPCAMP.

Prepare and place rules and procedures for Ehe
functioning of the body and its Executive
Committec for the approval of the General
Body. subject to the overarching objectives and
core principles of Authority;

Manitor the progress of the utilization of funds
of UPCAMP that are spent by the authority, and
funds released by the Authority to implementing
agencies and depantments;

Ensure timely preparation Annual Plan of |

Operation (APQ) of UPCAMP for the approval
of the Governing Body.

Recommend the release of the budgets to

implementing depaniments/agencies against the
approved Annual Plan of Operation, only on
basis of which administrative departments will \
sanction the budget and releases. It will also |
have authority to 'stop payments to erring !
departments, agencies and contractors.

Ensure preparation of physical and financial
reports, annual accounts and the annual reports.

Ensure that the annual accounts of the Authority

are audited by firm of chartered accountants

within 9 months from the end of each financial
year.

Supervise the works being implemented in
the state out of the funds of UPCAMP and the
implementation of state clean air action plan.

Ensure inter-departmental coordination and co-
ordination with other missions/schemes and
activities of various Ministries/Departments for

implementation of UPCAMP and clean ajr |
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Functions
and powers
of the Chief
Executive

., Officer

8479 & ¢

————
~ action plan of the state. G

. L 7 4

Review annual work  plan of differe, |

~ \ g . |
implementation agencies prepared, as requirgg |
l Gy LN s » {
um}lor the program. and endorse the same, .

o Ensure timely ielease of hfnds o the
iﬁplcmcntinp, apencies and ldopu‘rmwms. _n'nd
expenditures  financial I'L.*(])(‘)ns ”,ﬁ
executive . committee  shall prmlrlu 0\;er'al
supervision  on  matiers  hav 'ngb' o‘;,ln'
dimensions/arbitration (o be (]L.’;l'! }vf' .llL]
authority, its implomonting .’Tgencws anc ':'c(
divisions for all issues pertaining to the pr(?;,mm
and Any other work as duc_crod l,)_» the
Gm’ernn{cm of Uttar Pradesh, from ftime 1o

time,

obtain

CEO UPCAMP Authotity will be an officer not h.olow
the rank of Secretary ro the State Government. appointed
by the State Government. The officer must have
minimum 3 years' experience of working in the field of
pollution and environment.

The CEO will function as the Memhur-hvcremr_\' ol the
Executive Committee and will be the overall in-charge
of all activities related to the Authority. The CEQ will
be  supported  with a technical, financial apd
implementation wings of the UPCAMpP Directorate in
addition 1o representatives of an Advisory group from
other relevang departments of Uttar Pradesh.

Functions and powers of the CEQO |

a) The CEO shall e supported by the officers, sraff, |
expert and consultants of all the wings of the
authority. The general funcrions and pbwors of
the CEQ are as defined and decided from time to
time by the Governinp, Body and or Executive
Commitlee as the case may be ip addition to the

following:

b) The CEO will exercise as Head of Department
for all establishmoent and Financiyl Matters of the
Authority.

¢} The CEO will be empowered o execyte the
decisions of (he Guwrning Budy and Executive
Commiuee,

d) Will carry aut the duties of the

member secretary
and convener of the executive commirteo,

¢} Will exercise the duties and functions nf the CEQ !
of the authority diligently and as delegaied, |

f) Assist, guide and super vise activities of the

___ authority In planning, (lesjgug)gﬂa_rg collection, |
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g)

h)

)

k)

)]

m) Chair project review meetin

n)

o)

p)

q)

r)

8480

S
monitoring.
f activities

management, implementation,
accounting, auditing and cvaluation 0 '
according to the praject and implementation of
clean air action plan in the state.

Assume responsibility for preparation of the

annual work plans of the authority and inclusions
of projects In pursuant to the procurement and
execution  plan approved by the higher
commitlees.

Develop and implement project management
strategies in association with all stakeholders.

Develop good relationships  with funder,
institutions and other stakeholders and manage

the implementation of agreed outcomes.
Monitor financial sanction and the release of
funds for implementation of the program
pursuant to provisions directed by higher
committees.

Assist and guide
specific Management In
enhance monitoring program
information dissemination.

the introduction of project
formation System (0
implementation and

Develop and implement internal quality control

and evaluation systems. !

gs of the program.

consultants/Monitoring and evaluation

consultants etc and delegate follow up action.

Carry out field inspection of authority activities
and initiate corrective actions where necessary.

Initiate disciplinary action against officials and
staff engaged in implementation of the program
as necessary using the procedures -of the
government.

Discharge all statutory responsibilities of the
authority as required to facilitate smooth
implementation of the program.

Carry out other responsibilities as directed by the
higher committees.

To enquire into any complaints regarding the
implementation of the project by any
department /agency. :

Take responsibility for meeting the program
financial, timeline, quality assurance and
reporting and accountability outcomes.

30.

Authority

The primary aim of this directorate is to fast-track
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Divectorate

|

implementation  of - world bank financed Upca

38481

-

i b
program tinder the umbrella of National Clean Aj

Program, as per the approved DPR in the s'(-luc(t'q Projo,
locations and implementation of State clean ajr Clion

plan,

Objectives and Functions

[,

IV,

V.

VII.

VI

X.

ML

XIl.

NHI

Take actions as recommended by the revigy,

missions of the funding agencies and or g
Tad - )

directed by government of Uttar Pradesh.

Create  technical, administrative  and  other
temporary posts in the authority as considered
necessary for the implementation of the program.

Execute activities designated for the authority in
the Project in a timely manner.

Prepare books of accounts for different activities
implemented by the authority, and obrain
expenditure statements / financial reports from its
implementing agencies.

Enter into contractagreement for purchase, hire,
dispose both movable and immovable propeny in
pursuance of the decisions of the Governing Body

as per the financial rules an government order of
UP Govrt,

Manage funds of the authority, submitting annual ]

budget and all feports to Executive Commitree and
there on to Governing Body for their approval. and
monitoring financial expenditures and fund flows,

The authority sha]] cause its accounts audited
annually by  firm of chartered accountants
appointed by Governing Body within 9 months
from close of financial year.

Consolidate and obtain in principle approval of
annual work plans,

Based on the approval of the overgl] work plan and
budgets, approve all procurements and contract
award including  recruitment of  contractual
stall7consultants carried o by the authority and jrs
implementing agencies during the putiod program.

Manitor physical and financial progress of program
Implementation. .

Submit annualquarterly financial statements and
cause action tor obtaining replenishments of fund

Supervise and closely monitar the activities of the
authority, '

Take all actions necessary for fulfilment of
authority target and objectives, This_will include |
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S I

committees  and

suggesting  to  the  higher
nt and

implementing departments  for developme
implementation of new initiatives.

XIV. Submit expenditure statements
received.

against funds

‘ XV. Take all such actions. including those not
mentioned above but considered necessary for o(;
Is an

incidental towards achievement of the goa
objectives of the authority in consistent W
priorities of the state government.

XVI1. Submit disbursement claims and Disbursement-
Linked Indicator (DLI) claims to the World Bank |
in line with agreed formats and procedures.

managing the Human

ought into deputation

ith the

XVII. Draft internal policies for
Resources contracted or br
by the Directorate.

XVIIL.  Establish well equipped office with
systems of working like biometric at
the members/staff of the authority.

serve as project

modern updated
tendance etc for |

The Authority Directorate will

31. | Details of ; ‘ '

Authority implementation arm of the authority [t will also assist the

i i i i ! air
Directorate authority to ensure implementation of States's cllce_m

nd supervision. It

action plan through proper monitoring a
will be staffed with personnel and experts drawn on
deputation from State departments and on contract basis
post-retirement and otherwise. Each unit and the office of
CEO will be suitably staffed with the supporting
ministerial staff, drivers, MPS, data entry operators elc. |
The CEO of the Authority shall distribute the work under
rules of business among the ACEO an
Administrative and Establishment works may be assigned
to ACEO by the CEO under the rules of business of the
Authority. It shall have the following units : |

[Unit Designation Level

ACEO (A&R) Minimum Level 11

l ation and officer on deputation

‘ Finance having relevant

(will experience in the field
of administratian

d DCEOs. The

Administr

undertake
all
administra
tive and
financial
functions,
RAI
interventio
] ns and

Research,
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or’ On Deputation from
Uttar Pradesh Financial
services or on Post

R ————

retirement (Last Pay-
Pension basis) or on
contract having relevant
experience in managing

external aided project.

services or an Post
| retirement (Last Pay-

‘On Deputation from

Uuar Pradesh Financial i

Pension basis} or on
contract having relevant ||
experience,

On Deputation or on
Coantract or on Post

retirement (Last Pay- L
1

Pension basis) |

Pollution Finance

Expert+

3+ years’ experience

fation or on |

Contract or on Post ¥
tetirement (Last Pavy-

Pension basis)

7 Training.
knowledge
sharing
cand
| stakeholde | |
r | P
engageme .
n) . .
o T Administration
) Finance controll
t cum Finance
| Management
‘ Expert
- Accountant
’_— Procurement
f Incharge
: |
| ‘ |
Establishmem | On Dc_l_)d
Incharge
|
" Climate/Air

— T ¢
. . _\
| Store Keeper Minimum Level 5 (on !
deputation)
| . S m——
I . Research T
: i }(;jolrl\SL{ltant C (Air | As berré}.l‘id;lir;é;(;)?“‘ﬂ
’ ? ution research | Ministry of Science &
| exper, I nos) Technology, |
Constltain C Department of Science |
(Training expert, | & Technology, Got
| nos) |
| Consultant C H
| | (public awareness 1
ol | and J |
—_—
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cbﬁ:?“ﬂiions

specialist)

Technical

1
(Agricultur
¢ and
Livestock)

|
|

|
|

| Technical

]
? -—
|
|
{

| S

|

Consultant C
(Stakeholder/Com
munity

engagement
specialist)

TDCEO

(Agriculture and
Livestock)

Consultant C
(Expertise in
Fertilizer, | nos)

Consultant B

(expertise in

| Livestock, 1 nos)

DCEO (MSME)

Consultant C
(Industries and
boiler expet.1 nos)

Consultant C
(Brick kiln expert,
1 nos)

“Minimum Level 10
officer on deputatio
pnsl-retiremem on

contract basis having

relevant experience.

As per guidelines of
Ministry of Science &
Technology,
-Department of Science
& Technology’ Gol

nor

Minimum Level 10
officer on deputation or
post retirement on
contract hasis having
relevant experience

As per guidelines of
Ministry of Science &
Technology.
Department of Science
& Technalogy, Gol

|
|
Technical [
3 I
(Clean

Cooking) |
|
s

DCEO (CC)

Minimum Level 10
officer on deputation or
post retirement on
contract basis having
relevant experience

Consultant C
(Social Science, 1
nos)

Consultant C
(Finance and
banking, 1 nos)

Consultant C
(Biogas, 1 nos)

As per guidelines of !
Ministry of Science &
Technology, :
Department of Science
& Technology, Gol or
retired government
officer from
finance/statistical/social
/relevant background
on last pay minus
p\ension basis
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—————

Carbon Marhet
Expert (1 nos)

14
(Uthan)

= éBn;Jil;nl (Solid
waste
Management. |
nos)

Consulrant (Dust
reduction, 1 nos)

Consuliant
(transport. 1 nos)

Mor;imri
&

DCEO(ME)

ng

| evaluation

\

Consultant C
(Environmental
and Social Risk
Management
Screening and

' Monitoring
Specialist)

Consultant C
(CEMS Expert, |
nos)

Consultant B (GIS
expert, | nos)

Consultant C
(Sofnware
development \
expert, | nos)

Consultant
(Pollution
Monitoring

" Systems, 1 nos)

Consultant C

Minimum
experience

03
10770

-

Mimmum  Level \IE'
nfticer on deputation

T As per guidelines of

Ministry of Science &
I'echnology.
Department of Science
& Technology. Gol

Minimum Level 10
ofticer on deputation

As per guidelines of

Ministry of Science &
Technology.
Department of Science
& Technology. Gol
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l (Research and
' Development, 1 ‘

_ | Nos)
Research | Research Manager | As per guidelines of |
and | Ministry of Science & |
[raining | Technology. _
| (RAT) ' Department of Science
' ' & Technology. Gol !
‘ ___—’__————'
| | Consultant C (Air | As per guidelines of
' Pollution research | Ministry of Science &
| expert, 1 nos) Technology. ;
‘ Department of Science
| & Technology. Gol
| Consultant C
(Training expert, 1
nos)
!
i Consultant C
| (public awareness
, and
! communications ,
| specialist) |
| Consultant C
f ' (Stakeholder/Com
[ munity
| engagement
| specialist)
Interstate Senior Consultant, | 30+ years' experience
Coordinati | 1 nos* (Salary
on (RA3) proposed under
RA3 budget)
Technical  This group consisting of representation from
Advisory | different executing departments and other
Group | domain specialists nominated by TERI shall
provide technical guidance to the Authority
in planning and implementation of UPCAMP
activities in the state.
"The UPCAMP envisages building a road map for
long term air shed based strategy in the State. This
would require augmentation of financial resources
and developing synergies with
projects/funding  from  multilateralbilateral |
agencies and philanthropic organisations. To coordinate !
with philanthropies ‘and other such institutions to l
progress the project into program mode a climate/air !
quality management finance expert would bel!
necessary. His services may be Non Stationed nature as
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boss | "'UPCAMP CELL . _ . ,
32. | UPCAMP (l)JHicor of the implementing ﬂgfnc."’d(f’f‘lr"m”'“b for |
CELL h functioning. It will be equipped with all basic
sinooth fu aff, computers etc. borne from

' facilities like supporting st

"'{'? o,
ﬁ{/
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—

s of the work.

N

T per requirement |
will be created at the level of each nodap

A
l
l’

ds of the Authority shall consist of the

The fun

33. Fund l
|

following :

e Recurring and no
Government of Uttar Pradesh,
and World Bank and any other donor age

furtherance

n-recurring grants received from

Government of India

of the objectives of the authority

e [ncome from other sources

e Such amounts as are received with

). There shall also be a special fund which consist of :

a specific

condition that the income thercof alone used for the
purpose of the Authority (with the corpus being left

intact)

«  Such other amount as Governing Body may decide
to divert from the regular fund to the special fund to
be used in the manner specified in clause(1)

3. Any expenditure on this project to be incurred by the
state government would have to pass through the
budget of the Government.

4. The monies received in the Fund shall be keprt in the
interest-bearing account(s) in Nationalized Banks as |
per the prevailing rates ol the Banks. :

34. Utilization
and
Disbursement
of Fund

1) The fund shall be utilized for meeting;: -

(i}

(i)

(iii}

(iv)

(v)

Expenditure  towards  the work as per
approved APQ; .
The non-recurring  as well as  recurring |
expenditure for the management of the
Authority  including  the  salarv  and
allowances payvable to its officers and other
employees.

The expenditure incurred on monitoring and
evaluation as per the APO subject to overall !
ceiling of 2% of amount to be spent every
year; o
Disbursement on such other related projects
for which monies has been received or
approved ‘

Expenses of Authority in the discharge of its

__tunctions having regard to the purposes for |
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35.

Accounting
Procedure

which any grants loans, or borrowings are
received and for matters connected therewith
or incidental thereto;

(vi) Expenses on the objects and for purposes
authorized by Authority and

All work at the ground level shall be executed through |
designated Departments or Agencies as decided.

2) Disbursement of fund

(i)  Authority shall release  monics in
predetermined  installments  as  per 'lhc
Annual Plan of Operation (APO) finalized
and approved subject to achievement of
targets |

(i) The fund and the bank account shall be
operated jointly by CEO and Finar}cc j

Controller or as decided by the Goverming |

Body for this purpose. ‘

1) Authority shall prepare in such form and at .such |
time in each financial year as may be prescribed,

its budget for the next financial year showing the
estimated  receipts  and  expenditure  of  the |
Authority

2) Authority shall adopt financial regulations and

procedures in particular the procedure for approval !
and implementing the APO. '

3) Authority shall maintain proper accounts and other
relevant records and prepare an annual statement '
of accounts.

36.

Audit

1) The annual accounts of the authority shall be |
audited by firm of Chartered Accountants |
appointed by the Govemning Body. The auditor
will certify the accounts and provide an audit
opinion on the State of Affairs of the Authority.
The audit report will be submitted within 9

Months for the end of each financial year (April
to March). .

2) The accounts of the Authority shall also be open
to be audited by the State Accountant General at
such intervals as may be specified by him and any
expenditure incurred in connection with such

audit shall be payable by the Authority to the
State Accountant General.

3) The State Accountant General and any other '
person appointed by him in connection with the |
audit of the accounts of the Authority shall have |
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38.  Monitoring
" and
evaluation of
the works

37 | Annual Report

the same rights and privileges anm.

connection with such audit as the Acmum“m‘; -
General generally has in connection \.vith the audiy '_
of the Government accounts and in particular’
shall have the right to demand the production of
books accounts connected vouchers and  other
documents and papers and to inspect the office of

the Authority,
The accounts of the Authority as certified by the

4
! firm of Chartered Accountants together with the
audit report thercon, shall be placed before the |
General Body of the Authority.
5). UP Government shall have the power to conduct '
special audit or performance audit of the Fund and '
of the Authority. |

1) An annual report of the proceedings of the authority |
and all work undertaken during the year shall be
prepared for the information of the Governing
Body. This report and the audited accounts of the
authority shall be placed before the authority at the |

. !
annual general meeting. ,

1) An independent svstem for concurrent monitoring [
and evaluation of the works implemented in the _
State utilizing the funds available shall be evolved |
and implemented to ensure etfective and proper

utilization of funds; ]

39 Property of the
| Authority

| forth in the memorandum of

v — e ——
All property of the Authority shall belong to the |
Authority itsclf.
The income and the property of the Authority shall only !

be applied towards the promotion of the objectives ser |
association of the Authority .

as enumerated below subject 1o such terms and conditions

as the Governing Body may impose in respect of ;r

. " . I
expenditure to be incurred from grants sanctioned to the |
r

Authority from time to time. .

a) Seek and receive grants, loans and such other goods |

and materials as the Government of India or GoUP
may sanction from time (o time,

b) Provide funds (0 the relevant  unitsiwings/ |
departments/  agencies  of  the authority  for
disbursement 1o public and private sectors.

Organize and arrange for supply of equipments, and l
other inputs to the units of (he authority and/or |
departments/ agencies. |

|

c)
d) Arange and organize training and infrastructural
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¢) Draw,

i} To en

rights

su '
PPortto government and non

negotiate with the Gol

!ulls of exchange, ch
Il'\Sll'Ul'n(.‘l’llS.

e

accept,  make,

any other promissory notes,
eques or other negotiable

l 'S \
nvest the funds or the money entrusted to the

authority as ifi '
‘ s per the specific term > grants |
e P s of the grants |

any property, movable or

immovable wherever suitable which may be
necessary.

h) Employ the grant directly or indirectly to other
institutions/persons to further the programme to be |
undertaken/supported by the authority. ‘

[
ter into contract with any Govemment orl

Authority, Local self government or authority, non |
government organizations, financing or otherwise |
that the authority may deem desirable to obtain and
carry out, exercise and comply with the agreement, I

. privileges and concessions so required in |

i
furtherance of the object of the authority. 1

a0, | Suits ﬂl.ld
proceedings

b) Every

the Authority
entitle him to
Authority In
conviction by

The Authority may sue or be sued in the name of the |
Authority through its Chief Executive Officer.

a) No suit or proceeding shall lie for rteason of any
vacancy or change in the address of the office of Chief |
Executive Officer or any office bearer of the
Authority.

decree or order against the Authority in the ‘

suit or proceedings shall be executable against the
property of the Authority and not against the person |
or the property of any office bearer Authority.

Nothing in sub rule (b) above shall exempt office bearer of

from any criminal liability under the Act, or|
claim any contribution from the property of the |
respect of any fine to be paid by them on |
a criminal court. :

41. | Alternation in
the name of
Authority

Name of the

by The G

these

Authority may be altered by the procedure

described below @

a) The Executive Committee shall submit the proposition |
for such alteration to the members of the Authority in'!
a written printed report.

overning Body shall convene a special general

meeting of the members of the Authority according to !

rules  for the consideration of the said!
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42. Bye-laws

43, - First bye-laws

of the
Authority

-44. Service R_;II:ES

¢) Such report may he delivered or sent by past ever|

proposition. \

\
H D « “

member of the Authority ten clear days Previous o

such special general meeting as foresaid; ‘

d) Such proposition should be agreed 10 by the vores of
three-fifth of the members of the Authority presen; in

special general meeting as aforesaid. |
i B o S — .

' The Governing Body shall frame bye-laws not inconsistent |
" with these rules for the administration and management of the
atfairs of Authority and likewise add amend alrer or rescind

any

bye-laws so framed. The minister of Department of

Environment, Forest and Climate Change. Uttar Pradesh will
- be authorized to approve any changes in the objectives. basic
structure ete of the authority, if needed.

2

The Governing Body shall be responsible tor having first |
' bye-laws made. These bye-laws should be consistent with the
rules for administration and management of the affairs of |

Authority,

]

The Service Rules for al| employees of the Authurity shall be |
framed and enforced by the Governing Body with the prior |
approval of the Government. Till such time as the service |
rules are enforced. Resolutions of the Governing Body shall
be applicable for all its employees,

45. Budget

46. Common Seal

and Suits
47, | Disposal of
[ Immovable
' Praperty
48 _:Evicr\;a 7
" Works and
Progress

S R

No |

(i)

(ii)

———— .-

The

of it
Gov

—_
The annual budget of the Authority shall be prepared by i
the Member Secretary and shall he placed befare the i
Governing Body in the month of February of each "
preceding year, f
On receipt of the budget proposals and the report from I
the Member Secretary, the Governing Body shall

consider the same and accord their approval thereto,

subject to such modifications as i may like to make '
therein,

Upon approval of the Governing Body, the budget
shall be send 1o the Government for the releases,

Authority shall have a common seal.

mmovable property of the Authority shall be disposed | -
1 any manner whatsoever withour the approval of the |
ernment.

 The Government may appoint one or more persons to |

review the work and progress of (he Authority and hold f
enquiries into the affairs thereof and (o report thereon in |

such manner as the Government may stipulate. Upon |
receipt of any such report (_thovormne:l(“ may take such
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e ————

action and issue such directions as it may consider
necessary in respect of any of the matters dealt within the
report, and the Authority, shall be bound to comply with |

such directions.

49, | Directives of
Governor

()  The Governor of Uttar Pradesh may from time (0
time, issue directives to the Auvthority as to the
exercise and performance of its functions in matters
involving the security of the State of substantial
public interest and such other directives as he may
consider necessary in regard to its functions. The
Authority shall give Immediate cffect to the
directive(s) if any issued as above: and

The Governor of Uttar Pradesh may cal
d other information with respect

e Authority as

| for such

(1)
retums, accounts an
to the properties and activities of th

may be required by him from time to time. -

50.

Taking Over

| Authority

tion properly, the
ke over the assels

In case the Authority does not func
t of the

Government shall have the power to ta
of the Authority, and assume direct managemen

Authority.

51. |

Winding up of
the Authority

if on the winding up or dissolution of the Authority, there
shall remain, after the settlement of its debts and
liabilities, any moncy or property, the same shall not be |
paid or delivered to any member of the Authority but shall
he disposed of in such manner as the Government may
determine in this behalf in accordance with the provisions

of the Act.

52

Modification
of the Purpose

Government, the |

Subject to prior approval of the
for which

Authority may amend any purpose or purposes
it Is established:
Provided that it carries out the procedure prescribed there

for in the Act.

53.

Modification
of the Rules

These Rules or Rules made by the Govemning Body
hereafter may be amended, cancelled or altered with the
prior approval of the Government at any time by a

resolution passed by a majority of three-fifth of the
members present at any meeting of the Governing Body duly

convened for the purpose.

All contracts for and on behalf of the Authority shall be
expressed to be made in the name of the Authority.

(M

(1) No contract for the sale, purchase or supply of any
goods or materials shall be made or financial agreement
entered into for and on behalf of the Authority with
any member of the Authority or the Governing Body |
or Executive Committee or his relative or a firm in
which such member or his relative Is a partner or share- }
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holder or any other partner in such a firm or a priva, ;
he member is 4 member- ¢! z

l

| company of which 't

Directar. /_ﬂ______’\ ‘
Creating of The Authority shall seek permission fJ( Goycrnmenx for

| Post in creation of any post in Authority. Supporting staff on |
| Authority contract basis can be engaged with the approval of the |
| Governing Body- |
keep in istered office proper
in which should be

55

its reg
following

|

S e T
g ] Records of the ' iy The Authority shall

f/\ulhorny bouoks of -accounts,
entered accurately:

! a) All sums of money
thereof all sums of money
Authority and the object or P
such sums arc expended.
assets and liabilities.

|
|
|
|
|
|

received and the source
expended by the |

urpose for which

|
! b) The Authority's
(i) The other records of Authority will be:
‘ ‘ a) Agenda Register .’
“ ‘ b) Membership Register ‘l
¢) Proceeding Register : |
d) Cash Book

e (| i
= —)-'R-l.(()rds of the Q“II’IO)'UUS of the Authoritv.

-
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W(SPV’WWWWH@@;{WH Flg et
| : L1860 % 3=a9tg Rrar

o (S e
T o Rt aia v |fua)
-l # gEed v racas
lgmmmmwmmﬁ“ﬁgaﬁa
3 R}:ﬁ'm -9 U Sy QRade #rer, Sm?f eeill
- qLT HﬁU.SOU()le WA, 7% %?(:ﬁ,




8494

TR R, ofvrE, wae v A wlAw, amnr va el s, |
Wator, danred 1, am wafaa uirsar Remr, 300 arwE|
S U I T TA MY RRmIaL 30100, RS
G- | 30T 0 wemer frrmor AS, wwas|
7o WY SRR, 3, b i
8- WA AusArE /e, sowoy
9 FRNEUF, 7 st wos R $edvege (reRn), as el
10- fovexwer, waitawe, 30w 0, waes|
U-S 3w Qs (TERD)|
12-FEE w30 w0 wguer Hase ats, quas|
13- TR T, TR, aa ©d Sy oiade T, 500 AEA|

14-TS W) N

-

(| Q& )
wial

Page 31 of 31



(i) CashinHand/Bank —

S 5

[(See Rule 238 (1)]

FORM OF UTILIZATION CERTIFICATE
FOR AUTONOMOUS BODIES OF THE GRANTEE ORGANIZATION
UTILIZATION CERTIFICATE FOR THE YEAR 2019-2020 in respect
of recurring/non-recurring

GRANTS-IN-AID/SALARIES/CREATION OF CAPITAL ASSETS
1. Name of the Scheme — NATIONAL CLEAN AIR PROGRAMME (NCAP) FOR FIROZABAD CITY

2. Whether recurring or non-recurring grants - Recurring grants
3. Grants position at the beginning of the Financial year

NIL

(i) Unadjusted advances - NIL

(iii) Total - NIL
4. Details of grants received, expenditure incurred and closing balances: (Actuals, Rs in Lacs)
Unspent [Interest| Interest |Grant received during the year| Total |Expenditure| Closing
Balancesof | Earned| deposited Available| incurred | Balances
Grants |thereon| back to the funds (5-6)
received Government (1+2-
years [figure 3+4)
as at Sl. No.
3 (iii)]
1 2 3 4 5 6 7
Sanction | Date Amount
No.
(i) (i) (iif)
05.08.2019] 12 20 0 20
16017/4
1/2019-
CPA
27.03.2020 8
16017/4
1/2019-
CPA
Component wise utilization of grants:
Grant-in-aid— Grant-in-aid- Grant-in-aid—creation Total
General Salary of capital assets

Details of grants position at the end of the year
Rs. 20 Lacs

(i) CashinHand/Bank :

(i) Unadjusted Advances

(iii) Total

NIL

Rs. 20 Lacs




FORM GER 12A

Certifiedthat| have satisfied myselfthatthe conditions onwhich grants were sanctioned have been duly fulfilled/are
being fulfilled and that | 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.

(i) There exist internal controls for safeguarding public funds/assets, watching outcomes and achievementsof
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) Tothe best of our knowledge and belief, no transactions have been entered that are in violation ofrelevant
Act/Rules/standing instructions and scheme guidelines.

(iv) Theresponsibilities amongthe keyfunctionariesforexecution ofthe scheme have beenassignedinclearterms
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 Program for
Firozabad City 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 — | duly enclosed.

(viii) The utilization of the fund resulted in outcomes given at Annexure — Il 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
fromotherMinistriesis enclosed at Annexure~ll (tobe formulated by the Ministry/Departmentconcernedas per
their requirements/specifications).

Date:
Place: Lucknow

(QMK)‘) (Ajay Kumar Sharma)

Incharge Accounts Member Secretary
Uttar Pradesh Pollution Control Board
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[(See Rule 238 (1)]

FORM OF UTILIZATION CERTIFICATE
FOR AUTONOMOUS BODIES OF THE GRANTEE ORGANIZATION
UTILIZATION CERTIFICATE FOR THE YEAR 2020-2021 in respect
of recurring/non-recurring
GRANTS-IN-AID/SALARIES/CREATION OF CAPITAL ASSETS

1. Name of the Scheme — NATIONAL CLEAN AIR PROGRAMME (NCAP) FOR FIROZABAD CITY
2. Whether recurring or non-recurring grants - Recurring grants
3. Grants position at the beginning of the Financial year

(i) CashinHand/Bank— Rs. 20 Lacs

(i) Unadjusted advances - NIL

(iii) Total - Rs. 20 Lacs
4. Details of grants received, expenditure incurred and closing balances: (Actuals, Rs in Lacs)

Unspent Interest Interest |Grant received during the year| Total [Expenditure| Closing
Balancesof Earned | deposited Availab| incurred |Balances (5-
Grants thereon |back to the le 6)
received Governme funds
years [figure nt (1+2-
as at Sl. No. 3+4)
3 (iii)]
1 2 3 4 5 6 T
Sanction Date Amount
No. (i)
(ii) (iii)
20 & = Q- 25.03.2021 190 210 0.8 209.20
16017/
41/201
9-CPA

Component wise utilization of grants:

Grant-in-aid— Grant-in-aid— Grant-in-aid—-creation Total
General Salary of capital assets

Details of grants position at the end of the year
(i) CashinHand/Bank : Rs. 209.20 Lacs
(i) Unadjusted Advances NIL

(iii) Total ; Rs. 209.20 Lacs ;;
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FORM GFR “ A ‘

Certified that| have satisfied myselfthatthe conditions on which grants were sanctioned have been duly fulfilled/are
being fulfilled and that | have exercised following checks to see that the money has been actually utilized for the

purpose for which itwas 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.

(i) 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 0 ensure their effectiveness.

(iiiy Tothe best of our knowledge and belief, no transactions have been entered that are in violation ofrelevant
Act/Rules/standing instructions and scheme guidelines.

(iv) Theresponsibilities amongthe keyfunctionariesforexecutionofthe scheme have beenassignedinclearterms
and are notgeneralin 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 Program for
Firozabad City has been according to the requirements, as prescribed in the guidelines issued by
Gouvt. of India and the performance/targets achieved statement for the year to which the utilization
of the fund resulted in outcomes given at Annexure — | duly enclosed.

(viii) The utilization of the fund resulted in outcomes given at Annexure — |l 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
fromother Ministriesis enclosed at Annexure—I| (to be formulated by the Ministry/Departmentconcernedas per
their requirements/specifications).

Date:
Place: Lucknow

(@anl%j‘l\(ﬁgﬁg' (Ajay Kumar Sharma)

Incharge Accounts Member Secretary
Uttar Pradesh Pollution Control Board




GFR12-A
[(See Rule 238 (1)]

FORM OF UTILIZATION CERTIFICATE
FOR AUTONOMOUS BODIES OF THE GRANTEE ORGANIZATION

UTILIZATION CERTIFICATE FOR THE YEAR 202%-2022 in respect
of recurring/non-recurring
GRANTS-IN-AID/SALARIES/CREATION OF CAPITAL ASSETS

1. Name of the Scheme — NATIONAL CLEAN AIR PROGRAMME /{NCAP) FOR FIROZABAD CITY

2.  Whether recurring or non-recurring grants - Recurring grants
3. Grants position atthe beginning of the Financial Year
(i) CashinHand/Bank — Rs. 209.20 Lacs
(i) Unadjusted advances - NIL
(iii) Total- Rs. 209.20 Lacs
4. Details of grants received, expenditure incurred and closing balances: (Actuals, Rs in Lacs)
Unspent Interest Interest |Grant received during the year| Total [Expenditure| Closing
Balancesof Earned | deposited Available| incurred |Balances (5-
Grants thereon |back to the funds 6)
received Governme (1+2-
years [figure nt 3+4)
as at Sl. No.
3 (iii)]
1 2 3 4 5 6 7
Sanction Date Amount
No. ~
(i) (ii) (i)
209.20 - - - - - 209.20 - 209.20
Component wise utilization of grants:
Grant-in-aid— Grant-in-aid— Grant-in-aid—creation Total
General Salary of capital assets

Details of grants position at the end of the year
(i) CashinHand/Bank :
(ii) Unadjusted Advances

(iii) Total

(

Rs. 209.20 Lacs

NIL

Rs. 209.20 Lacs

A

Ajay Kumar Sharma

Member

P Pollution Contro
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Secretary

| Board
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f"GENERAL FINANCE RULES 2017
Mimstry of Finance .
Department of Expendlture £

e

Certified that | have satisfied myselfthatthe conditions on which grants were sanctioned have been duly fulfilled/are
being fulfilled and that | have exercisad 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 sutsidiary accounts and registers (including assets registers) are maintained
as prescribed in the relevant Ac/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.

(i) 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.

(i) Tothe best of our knowledge and belief, no transactions have been entered that are in violation ofrelevant
Act/Rules/standing instructions and scheme guidelines.

(iv) Theresponsibilitiesamongthe keyfunctionariesforexecution ofthe scheme havebeenassignedinclearterms
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 Program for
Firozabad City 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 — | duly enclosed.

(viii) The utilization of the fund resulted in outcomes given at Annexure — Il 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 Il (to be formulated by the Ministry/Department concerned as
per their requirements/specifications).

Date: 2. +% . 20227
Place: Lucknow

(Pa% (Ajay Kumar Sharma)

Incharge Accounts Member Secretary
Uttar Pradesh Pollution Control Board
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[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

Cash in Hand/Bank:20920000
Unadjusted advances:0
Total: 20920000

4. Details of grants received, expenditure incurred and closing balances: (Actuals)

Unspent Grant received during the year
Balances Interest 2022_23
of Grants Interest deposited TthI Expenditure Closing
. Earned Available .
received thereon back to funds incurred Balances
years the Govt  Sanction No. Date Amount
2021-22
1 2 3 4 5 6 7
i ii iii
Q- 2022-
16017/144/2021- 09-30 175000000
CPA 00:00:00
20920000 2216186.00 0 211436186 16460255 194975931
Q- 2023-
16017/135/2021- 03-27 13300000
CPA 00:00:00
5. Component wise utilization of grants:
Grant-in-aid- Grant-in-aid- Grant-in-aid-creation of capital Total
General Salary assets (Rs.in
(Rs. in crores) (Rs. in crores) (Rs. incrores) crores)
Grant Received 188300000 0 0 188300000
IC:)a\l(rried forward from Prev. 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

Cash in Hand/Bank:194975931
Unadjusted advances:0
Total:194975931

6. Certified that | have satisfied myself that the conditions on which grants were sanctioned have been duly fulfilled/are being
fulfilled and that | have exercised following checks to see that the money has been actually utilized for the purpose for which it
was sanctioned:

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.

i. 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.

ii. 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.

. The responsibilities among the key functionaries for execution of the scheme have been assigned in clear terms and are

not general in nature.

was intended to operate.

. The benefits were extended to the intended be 77 Qh ich areas/districts were covered where the scheme




vi. The expenditure on various components of the ﬂﬁ@a?n 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 - | duly
enclosed.

viii. The utilization of the fund resulted in outcomes given at Annexure - 1l 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 - | (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

-y

frclty




FORBEB 32 - 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

Cash in Hand/Bank:194960355
Unadjusted advances:0
Total: 194960355

4. Details of grants received, expenditure incurred and closing balances: (Actuals)

Unspent Grant received during the year 2023_24
Balances Interest
of Grants Interest deposited Tota_l Expenditure Closing
ived Earned back to th Available . d Bal
receive thereon acktothe gsanction No. Date Amount funds incurre alances
years Govt
2022-23
1 2 3 4 5 6 7
i ii iifi
CPW- 2023-
194960355 7832716.00 2216186.00 G027(17)/2/2023- 09-18 268500000 469076885 213505471 255571414
CP 00:00:00
5. Component wise utilization of grants:
Grant-in-aid- Grant-in-aid- Grant-in-aid-creation of capital Total
General Salary assets (Rs. in
(Rs. in crores) (Rs. in crores) (Rs. incrores) crores)
Grant Received 268500000 0 0 268500000
(F:i”ied forward from Prev. 494960355 0 0 194960355
Less: Utilised 213505471 0 0 213505471
Balance 249954884 0 0 249954884

Details of grants position at the end of the year

Cash in Hand/Bank:255571414
Unadjusted advances:0
Total:255571414

6. Certified that | have satisfied myself that the conditions on which grants were sanctioned have been duly fulfilled/are being
fulfilled and that | have exercised following checks to see that the money has been actually utilized for the purpose for which it
was sanctioned:

vi.

vii.

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.

. 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.

ii. 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.

. The responsibilities among the key functionaries for execution of the scheme have been assigned in clear terms and are

not general in nature.

The benefits were extended to the intended beneficiaries and only such areas/districts were covered where the scheme
was intended to operate.

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.

It has been ensured that the physical and fi====i=! =~=fammmmmas o ~'=-*1qtional Clean Air Programme (NCAP) has been
according to the requirements, as prescribi 3ovt. of India and the performance/targets
achieved statement for the year to which tt pa/’ d in outcomes given at Annexure - | duly

Signed by Firozabad
Date: 2025.10.06 17:00:21



enclosed
viii. The utilization of the fund resulted in outcomes gl\&5@144re - Il 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 - | (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

=7

Signed by Firozabad
Date: 2025.10.06 17:00:21
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FORIBEB52 - 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

. Name of the Scheme: National Clean Air Programme (NCAP)
. Whether recurring or non-recurring grants: Recurring

. Grants position at the beginning of the financial year, 2024 _25

i.

ii.

iii.

Cash in Hand/Bank:255571414
Unadjusted advances:0
Total: 255571414

4. Details of grants received, expenditure incurred and closing balances: (Actuals)
Unspent Grant received during the year
Balances Interest 2024 _25
of Grants Interest deposited TOt?I Expenditure Closing
received Earned back to the Available incurred Balances
years thereon Govt ﬁznctlon Date Amount funds
2023-24 )
1 2 3 4 5 6 7
i i iii
255571414 4779042.00 7832716.00 NA 00:00:0000 O 252517740 231456323 21061417
5. Component wise utilization of grants:
Grant-in-aid- Grant-in-aid- Grant-in-aid-creation of capital Total
General Salary assets (Rs.in
(Rs. in crores) (Rs. in crores) (Rs. incrores) crores)
Grant Received 0 0 0 0
Carried forward from 055571414 0 0 055571414
Prev. F.Y
Less: Utilised 231456323 0 0 231456323
Balance 24115091 0 0 24115091

Details of grants position at the end of the year

Cash in Hand/Bank:21061417
Unadjusted advances:0
Total:21061417

6. Certified that | have satisfied myself that the conditions on which grants were sanctioned have been duly fulfilled/are
being fulfilled and that | have exercised following checks to see that the money has been actually utilized for the
purpose for which it was sanctioned:

vi.

. The benefits were extended to the inte "~ "~ -

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.

. 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.

. The responsibilities among the key functionaries for execution of the scheme have been assigned in clear terms

and are not general in nature.

~~" such areas/districts were covered where the

scheme was intended to operate.
The expenditure on various componen ¢?<A/’ droportions authorized as per the scheme

Signed by Firozabad
Date: 2025.10.06 17:02:09



guidelines and terms and conditions of the graa \

vii. It has been ensured that the physical and finamCia ance 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 - | duly enclosed.

viii. The utilization of the fund resulted in outcomes given at Annexure - |l 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 - | (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

=7

Signed by Firozabad
Date: 2025.10.06 17:02:09
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%4 | 9 BRI BT A IMTVE g | fAfasT e ao‘reilpﬁ SPHaR /| A - Fd 91 &Fid || Y YA | Afgfad
o CEICg q P A [
BRANT dlcHIdh alfedl # Hamarasl ggid 4| 2619854.00 2484931.52 | 03.12.2023 | #Ho T | UF [ 2251347.00 2251347.00 | ®rI gUf
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RO BT B |
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W FHaAT ALOCISNS0 Tb GFT ASS Uy SEEIN
6 44 |R TS Rgu & A1 010 ATell HRE |
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B |
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EINS kil qed Wie gy db SIES el WX b QEIEE M
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|fdd e A A DI gferar dd e ATl
13, I8t R aftid 9@ R gicfad gRT 98&
14 | 35, [, &= wFT # @S 30a0 T[S o
38 Ig ST @ <rer gERIYT BT B |
e T gform § FON TR o™ B 8T 14365495.00 | 13647220.00 | 11.09.2023 [ #o = [1I/F| 13383432.00 | 13383432.00 | &g gof
HPIS; BIS] AR TP TR S B gl QUERITE TSl
15 |35 20[9ES TEd W DHelS 00 T[S I,

fSarer AT T RS @ A1 GeTRIue B
B |




are 90 35 @ 38 H W& AT W AeD SR 16907095.00 1608756 () 25:08.2023 50 IR [1I/F| 16095687.00 | 16095687.00 | b goI
WR B U GBI ed & U dd “ R3S [ Rp
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17 | 13 [ATel #R¥d 9 @efs 30410 Tl o q
RIS & AT JEIRMIYT &l HT |
qre |0 17 @ 10 H b AT AReAds|  3260515.00 292794247 | 03.10.2023 |#o #ew == [I/F | 2919977.00 2919977.00 | @ goi
Bledh? @I URMT | ST B g 5T dISUTd
18 | 17 [Rre a@ @rean s @1 Ml wedl wigs ued)
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JETRIT &HT B |
qre 0 11 @ 33 Bl WIgS b ¥ FoH| 12446268.00 | 11823954.60 | 26.08.2023 | #Ho T [MI/F| 11704178.00 | 8880741.00 | < goi
R ¥ N @ gRRn 9@ ATen wed W) TUCRHTESIST 2572 faer
AR 9s% W Ecfad §RT 9s® R, oS APl
19 (11, 33|pey s ¥ Bors soem0 orEew o @ iRl
RIS & AT JEIRMIYT &l HTY |
e |0 01 9 62 H gHT AU Wil S| 9995740.00 9590912.53 | 26.08.2023 | #o w@Ra® [ II/F [ 9333420.00 9333154.00 | @i qUI
gferan ¥ Y AR 9 3R R Oh il Js SAATI IS 266 fder
20 01,62253[ T &fdId / el Ags TSN TR hols Bl Tog A
SO0 TTSed TN @ SITIe & AT JeTRIvv] T
B B |
Tells MR & < IR Sflbl § 30aM0 <Tged|  3482721.00 3320774.47 | 26.07.2023 [ %o sm e [ 1/F [ 3080881.00 | 3080881.00 | wri gol
o 10, [T T EIE & Wer g 1 | afgaed [ A 4426 faer
21 [ 75" Tos U
Ty
s 0 35 Tl 9IS H AH s A BR[| 1182643.00 1006665.72 | 31.07.2023 | #o Rie 79 | IR [ 803623.00 723261.00 BRI gol
fifre d& I H FE AEC e W FHels it faat
22 | 35 [Soc0 T g TRUMS & WY JARMT P Y 9 2

P |
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45

qre o 45 TArol Hell H M M D ABE A
AR Rig @ AP dd Ags U W Hals
Rea & A1 3010 T TAT ASS TS W
TR G RIS T ST B |

1324523.00

11%501 C’ 06.08.2023

Ho g gu

I/R

795804.00

716224.00

ord ol
arf~ad faet
T 9T B

A AT

149702900.00

141787809.09

139954665.00

131102257.00



L 4

L4

s = Py o

=rn

. oy o A -

J A3 o TR WU (N-CAP) a¥ 2023—24 @ =
. ywrfad @14 | (PART- B)

L e ) =3 #
|

technology gas Based Animal carcass Plant.
With small and big box.

Summary
S.No. Description of Work Quantity mount |‘
, | == /@i Gs®i 9 Wigs e &1 i @ 21 13,97,68,500.00 |
" | eI &1 |
ar$ o 13 g TR Vae— 02 ¥ Q¥ TP A i
2. | arcvdiara, IR, TR-¥ &, STE-gaTE, e v 1 2504794.00
FARIYYT BT B |
fpRIoTETe R M AETd §e AN U9 dNel
. w® IRoWMoW T YfS ¢d MR T TS | 550 Nos 2389960.00
| SrREYT BT B |
Design, Erection and Commissioning new
1,69,44,127.00




- . %
¥y LW Yy s
T comme 5. opeas BN
B oo SR ommmey
g
A R L L gr—
AT L T N i T
en— S . EEEINNE.

. Tanker Mounted On Two Wheels Trailer and 2

Supply of 5 Tractor With 5000 Ltr Water
23,97,736.00

$attery Ogerated Selfstart as Well as Recoil
ype Starting Portable Pump Set.

~16,40,05,117.00

Total Amount
- AR | I
16.40(Cr)

Say Rs. In (Cr) i

G 7

arferemy afrar=r (Rifa) Areei(N-CAP) / ggn s
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| ANE Tl Q4R WU (N-CAP) a¥ 202324 & arertar sreanfda &7 |
q (Part -B)
g FORM - J

[ () — ot/ afrs vt @ g wed n P o et o o1 |

S.No. Description of Work Length Amount

Mtr
ars 50 01 SREBET Yferam & %l AAlell Yed A A= —
REE | Mt 9@ axodiodo el fmfor, Aowdo
gRT e AHiv, wige SIaud< 9 @ & 9
JETRIYY HT R |
e 0 12 e TR A IRoWMo RAE | sReM
Iqied b HPHM db ded s R IJARO[oWI0 ATell G
% <o Ted Pl T $NTE @ | gERI @1
P |
qre d0— 12 PHYSH § U HeRT dar § Hew g
qEd d HPbF dPb @afqusd AR AW ATl WA g
3 | Hozfo gRT Ted I, WIES TS W bors 300
TISed o g ¢S & AT JERIY Bl B |
are do0 12 e TR ¥ TMifds Biell & AGE A
o9 ARER & HHM ddb, SHI D FBM W < D
B db, TCT o B AHHE A 0" B AGE TP,
W ed A REGAR & AbH I el Aferdl H
aRoiodo Al @ doMo gRT Wed fHior Ud
| MNre o5l & 76F ¥ A AR & ddH dd
I FAS 30a0 B AR Heur fFEivr gd g & |
| GETRIUT BT B |
[ 5 |3 o 18 3Md TR d<! ¥ WdeEE s b
[ aRoio0 ATl Td oo gRT T i |

627.00 12334857.00

—

_@ @ T e T e e e T

250.00 3054405.00

300.00 2719876.00

600.00 11140745.00

210.00 3940333.00




T do 18 omE AR W Gk & 4R @
aRoowo e v Wowo grr wed Ffor w1

IR Fo— 18 omd TR A @nr A A i, e
Wﬁgﬁw,mwﬁm,zﬂwﬁ‘ﬁa
ﬁm%émﬁv@wmﬁﬁwnﬁﬁﬁﬁﬁ
ﬁﬂﬁ@?ﬁoﬁommﬁﬁwml

TS Fo—18 JAYV YW1 Gw0dioTH0 A waEEg I8
a@ e Y, ONiftie dfer gd RMowlo §RT WS

fmior st |

ars =0 19H‘TOWWNNW
g9 gg Y odl 9 U i gl arelt e A
aﬂm?ﬁoﬁom?ﬁaﬁoﬁomﬂwﬁﬂﬁﬁm

10.

aﬁ#o45,4a$ﬁﬁﬁgéﬁ?@m
$wmﬁﬂgﬁ1$ﬂﬁ?ﬁ$?ﬂ0@0§mm
ﬁawa;‘ﬁqﬁwqaﬂwaﬁéﬁfq%?'m
gomwmﬁwmwmm
BT 1 |

540.00

8425671.00

11.

ars 10— 19@3@#%%@?%@6%
WW@O@OWWW,WEOWOW
ms@'uaﬁqﬁ;ﬁm@‘a%wqam?ﬂél

400.00

7091910.00

12.

m@‘#o—%WWeﬂTmﬁﬁGﬁoé’roaﬁ
g a@ Aodo wed v, FAS Fod0 ENT
dee s, Wigs SqauHT Bl fomfor ¢ 3RO
qﬂo@o;ﬁw@%m-@WWM|

450.00

11516906.00

[ 1a. =S 0 34 "ERRd TR Yforr 9l Uedl § SREGST

| “Ta1S A0 45 Galol Gd A HHAEIS Hiex § T qfh

15

mé#ossﬁomwﬁg%ﬂiﬁaﬁﬂﬁﬂﬁsﬁ
maﬁéﬁﬁﬂwﬁawﬂﬁﬂmﬂ,g‘hﬁw

oRT S d@RU 9 TF WES el W Hels
soaroamﬁra;ﬁméa‘?mqermwma?m

525.00

7479777.00

yferar 9@ aRoWodo Arel fAator, Hiodlo gRT AS®
frafor tRifie dfcl @ SIS @ WTRT GETRIYYT BT B |

375

8901070.00

410.00

§786727.00

P B gY WA @ HPHH dP o Ho gRT HSD




. BAS 300M0 GRT WgS U vd & S B A
FIRIGUT 7Y |

16 | o 45 % MER N qaq @ B A A9
didel aF Td weT SURA A WA G Tl
q9¢] A Doty MRam B gy DY T Alel A s

17. |are 70 25, 28 U-0Ud0—2 Wfdd I €ovco i+
Wﬁﬁo@oﬁg&mﬁﬁaﬁ%w%
Hfex d& &fdusd gsd W slcHied gRI ds® guR, | 600
m@aﬂ%ammﬁmmﬁm&oaﬁ?ﬂ

S G SIS @ W gERIYT BT FH |

vd Hoflo gRT TSP YR A |

4628339.00

14161287.00

8. a8 Fo— 38 Y& § YR W Q@ WA RiE b ;R
aﬁaﬁuwmﬂﬁqﬂoﬁogmwﬁﬂfw@ 450

NI @ AT GERITY BT i |

4990243.00

15, |aS A0 19 MaHT @ OR ¥ HagEIg s, AT Al
ﬁg@eﬁgaﬁ?ﬁoﬁommw.ﬁé .
gowommqaﬁq%ffﬁmé$wqw

P |

3240177.00

20. mé:ioﬂmmgﬁﬁémﬁﬁasﬁﬁmaﬁq‘hﬁ
aaaﬁﬁmqeﬁwmoﬁoﬁoﬁ,ﬁwﬁﬁ
=R GsH Py, dige YS! Ud Foeo gRT WIRe) o

qafraﬁméa%wmawwgmﬁ
a@aﬁg%maﬁwﬁﬁaﬁ?w@,ﬁaﬂ%

11705019.00

&1 P |

21 [arS 70— 65, 66 9 67 W 30 Bl S UR oI AP
S @ dgeier Vg a@ ARl AvEa 9 o w0 | 300.00

5562331.00

gRT & GUR M |

Total Part -B | 7930.00

13,97,68,500.00

: (B) — U WY G ST d FEARIAT P P |

| : Length Width
S.No. Description of Work
i (Mtr) (Mtr)

Amount

el I




V[

W

K

— e (J
e —— — ) -
70 13 fMa IR Wer- 02 A e
. W"% ¥ qrovgiare, o, ue-d 3w, | 6000 | 3200 | 250478400
TIS—YTE, S[eT Ud IRVl bl did |
: e
(C) — aTRo0w T SRS vd e BB |
S.No. Description of Work Quantity Amount
Rorare N P dwed qe a |
1. |vd dREr W oMo THA amgfd Ud 550 Nos 2389960.00
QR 9 U I¥ ARETOT BT B |
Total | 2389960.00
(D)
S.No. Description of Work Quantity Amount
Design, Erection and Commissioning new
1 |technology gas Based Animal carcass Plant. 1 e e
With small and big box.
Supply of 5 Tractor With 5000 Ltr Water
2 Tanker Mounted On Two Wheels Trailer and 2 23,97,736.00
Battery Operated Selfstart as Well as Recoil
Type Starting Portable Pump Set.
Total Amount 1,93,41,863.00
Grand Total (A¥BACHD). | 18900511700
Say total in (Cr). 16.40(Cr)

AR
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9. | 9% BRI BT A NIV &b e~ | ['e oot ffYr | Seer /wH T%I?raﬁ qd 9t ol | | gg o rfrgfea
o 55167 HT A Rerfa
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GRITOT T U aY FIRETT BT HH | I A A
81 fpam Tar
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2 | 18 [ 7o 18 3MA TR fHuR) AT A WHA| 2542829.00 | 2415687.55 |14.03.2024 | THEW | IVF | 2414380.00 | 2414380.00 | @r Wl
b UG dhH I MNfbed da oG PREAE | M
ATell Td o0 gRT ISd fH0T BT |
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ol & I drell el G ol Fe Plgaed M
wferal # syRo0[0 ATel Td Moo gRIl
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forafor o |
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e, a@@ @ ¥ Fhw, SEme 9 Al
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AP) & I=id Wigd Bl &I faavor
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M Ta% YR (N-CAP) a¥ 2023—24 @ 3r=iiid
ywIfad @1 | (PART- A)

Summary

Amount ]

Description of Work

m 4 m fﬁ"ﬁ a wigs el 1 fuior ¢d 9,19,07,363.00

g BT AidiBRoT Td qERIYOT BT B |

fxIoTETe R A =R g AT gd

GRTET WX aRoXIo el SMyfef Td dIERITer 9 AWEGE00
Uh I SRETT BT P |

Design, Erection and Commissioning new
Technology Based Gas Cremation System.

Design, manufacture, supply, erection, testing and
commissioning including comprehensive warranty

maintenance for 5 years of 500 kW Grid Interactive 2,64,99,480.00
Rooftop Solar Power Plant for captive use in SWM

Plant chanaura in Firozabad City.
Total Amount 13,43,14,068.00

16,99,545.00 4’

1,01,40000.00

say Rs. 1343(Cr)
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[ S

| ; Total Part -A | 5760.00 | 9:19.07,363.00
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|-3 . |a€ Fo 13 fMa TR H d=x U@ B
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|3 2. |91 o 13 favd TR A <YL ardl UTD
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I:_3 (C) — aRodiod el 3Myft vd dERIYT & B |
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w| ,
= | (D) — New Technology Based Gas Cremation System
W | Py comsinispiinaiBansiidiouif IR0
- w :_N_‘j_ Descriptionof Work | Quantity | [_ Amount
“wl 1. | Design, Erection and Commissioning new 1 1,01,40000.00
. | | |Technology Based Gas Cremation System. | b | ] LI
‘ Total | 1,01,40000.00
Wl — UL L L LI il
9 (E) — Solar Power Plant | L
< II S.No. Description of Work Quantity Amount
! S s —
| Design, manufacture, supply, erection,
- testing and commissioning including
1 comprehensive warranty maintenance for 5 1 2,64,99 ,480.00
S | years of 500 kW Grid Interactive Rooftop
"~ Solar Power Plant for captive use in SWM
_3 Plant chanaura in Firozabad City.
| Q Total | 2,64,99,480.00
:
| GRAND TOTAL (A+B+C+D+E) | 134314068.00
.-! SAY TATOAL IN (CR) 13.43(Cr) |
I
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- e I %
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wﬁf@ M/ TR arfad / Rrenfard #81ed aregE, (CLIC-NCAP)

-l
. SU Ot qataer i @ deer Rd, WRGR @ U W@ 16017-41-2019-CPA
faTi® 03.082023 @ arerfar Mg vige @ o ary AuiEe GUR 2 29.83 PG I
SRR @1 R NCAP @ arscrifar Roar arar &1 Suilad 5l G¥ay 6T 4 & AR
wfeenfa eI w1 00 wRve AR Riedl i Prfa fear o 21 Rrads s ¥ @1 el
§ H WU 67125000, HUA 75000 TG U 67125000 I GHR Gl TN ©F

13.43,25,00000 Wl & g & | wifenfa eeRi wud 2083 @ds b Arde B
2083 TS TR o R daR @) A & o R derer &1 oRalerEn ¥ aé-¢ @
It urd & g ueifr & wwarg & 9 wid—d & serfa ufEnfa e B

WK B arell gl @ uxra @ | sl @1 fAawer PR 2 -
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e

Summary (Part-A+Part-B)
PART- A
S.No. Description of Work _| Quantity Amount (Cr)
Pl /afouva wedl a wigs ged @1 FEivr v 9.190
1 ;
WY H B |
2 | ure! @1 AidieRor vd kI 2 0.169
fRivare R Frm WG e qel gd dREl )
3 | ro¥o el anyfed vd dleRigor 9 UF 9 JREr| 985 0.406
BT PRI |
4 | Design, Erection and Commissioning new Technology Based 1 1.014
Gas Cremation System.
Design, manufacture, supply, erection, tesﬁ_ng and
5 commissioning including comprehensive warranty maintenance 1 2.649
for 5 years of 500 kW Grid Interactive Rooftop Solar Power Plant
for captive use in SWM Plant chanaura in Firozabad City.
Total | 13.428(Cr)
Say Rs. In (Cr) 13.43(Cr)
PART-B
S.No. Description of Work i Quantity Amount
1 ¥ ' i i " 21 13.976
| ievE @1 B | )
i a1 S0 13 faMd TR Adex— 02 F e 9B A
2. | avglard, feiw, wrra ¥, FE-yar, ser v 1 0.250
JERIYT BT B |
foxIsieTe 7R fmr Wi 3@ aet v anE @
3. | SMRORMOAT et 3mgfel wd MR 9 T af IReT | 550 Nos 0.238
BT B |
Design, Erection and Commissioning new technol B
4. | Animai carcass Plant. With small and big box. T 1 1.694
Supply of 5 Tractor With 5000 Ltr Water Tanker Mounted On
S. | Two Wheels Trailer and Battery Operated Selfstart as Well as 2 0.239
Recoil Type Starting Portable Pump Set. i
s1;otal Amount 16.397 (Cr
yRs.In(Cr 16.40(C
Grand Total (Part-A+ Partﬁ} en__

29.83(Cr) |
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