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Executive Summary

Firozabad city, famous for its glass industry is located in North Central India in Western
Uttar Pradesh. It is an industrial city and is well known for its beautiful bangles and other glass
products. The city meets 70% requirement of the country’s different glass items. The glass city
falls within the Taj Trapezium Zone (TTZ). This area is located in Agra-Mathura region and
declared as air pollution protected area by Ministry of Environment and Forests, Government

of India (MoEF, GOI). ¢
1. Project Proposal

In view of the directions given by TTZ authority, the Firozabad Administration through
their District Magistrate approached CSIR-National Environmental Engineering Research
Institute (CSIR-NEERI), Nagpur to conduct a study that establishes the ambient air quality and
further source apportionment of Firozabad area. It is proposed to carry out ambient air quality

monitoring and source apportionment study in Firozabad region to arrive at the following:

» Comparison of present air pollution level in Firozabad with that of 1993, when glass
industry was using coal/coke as fuel.

~ To identify and quantify the major air pollution emission sources in Firozabad using
emission inventory and source apportionment tools.

~ To determine the impact of emission from Firozabad on Taj Mahal, if any.

» Study the possibility of reducing air pollution in Firozabad region with appropriate
source control/air quality management approach.

» During the course of the study, any other matter related to the present scenario will also
be addressed.

2. Study Area (Area of TTZ falling within Firozabad District)

Firozabad city is 44 km from Agra and around 240 km away from Delhi, at the Northern
edge of the Deccan Plateau, at 27°09'N 78°24'E. It is located 164 meters (540 ft)\ above sea
level. The city is spread in 21.35 km2 area with a population of 601970 persons having 42
wards as per 2011 census. The city is well connected by road (Delhi — Howrah National
Highway) and Railways through Main Line. The district is bounded on the North by Etah
district. on the East by Etawah and Mainpuri district and on the South- West by Agra district.

The whole district is a vast level plain. Yamuna, Sirsa & Sengar Rivers are flowing in the south

of the district.
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3. Methodology

The study begun with preliminary site survey and logistic generation followed by site

~ selection for monitoring. Three sites were selected and at each site, gaseous parameters,
PM; and PM2s were monitored. The monitoring was carried out during post monsoon
period. A meteorological station was set up at one of the sites. Parallel to the air quality
monitoring. emission inventory of the study area with respect to point sources was carried out,

which will act as a complementary tool to source apportionment.

The ultimate objective was delineation of air quality management plan that primarily requires
knowledge of ambient air quality status and emission loads. These two objectives were
achieved through monitoring of air pollutants at select locations using various
instruments/gadgets for different pollutants and carrying out emission inventory through
primary and secondary data collection. In order to exercise the source control measures, it is
necessary to know the contribution from each type of source. This was carried out by receptor
modelling (source apportionment). The work component are divided into four parts namely
ambient air quality monitoring, mﬂmmmmoz inventory, source apportionment analysis and finally

delineating an air quality management plan based on the data collected during the study.
(a) Ambient Air Quality (AAQ) Monitoring

Air Quality Monitoring was performed by NEERI at 3 locations which are Raja-ka-Tal
(Industrial area). Tilaknagar (Residential area) and DIC (Mixed area). Additional monitoring
was also carried out by GRIMM portable aerosol spectrometer to check diurnal variation

of PMio and PMa s particulates.

Some of the important air pollutants covered in this study are particulate matter (PMio, PMa23s),
sulphur dioxide (SOz), nitrogen dioxide (NO2), ammonia (NH3), carbon monoxide (CO),
benzene (CsHe) and ozone (Os). Crustal elements Fe, Al, Mg, K, Ca, Si, other elements (Co,
Cr. Cu. Mn, Ni, Ti, V, Sr, Ba, Na, Pb, Al, Hg, Zn, Cd, As), non-metals (Se, S), secondary
inorganic aerosol (SIA), carbonaceous matter (organic and elemental carbon) and poly nuclear

hyvdrocarbons (BaP) were also characterized in PMo.

Average PM o and PM2 s concentrations at all the sites were exceeded by 1.6 to 2.2 times to
that of daily average of PMjo (100 pg/m3) and by 1.2 to 1.4 times to that of daily average of
Pl (60 pg/m3) of Indian National Ambient Air Quality Standard (NAAQS), guidelines
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promulgated by CPCB respectively (Ref. Table 3.6.5). Hi gher concentration levels were found
at DIC (site located at downwind during study period) followed by Tilak Nagar and then by
industrial area (Table 3.2.3a). Average concentrations of SOz, NO2, NH3, CO and Os at all the
sites were much below the NAAQS regulatory limit whereas benzene levels are exceeding the
NAAQS limit at all the sites.

v

The average concentration of Pb was found to be well below the NAAQS limit of I pg/m?
(24hr average) at all the sites. Arsenic (As) detected in PM o at all the sites and levels were
exceeding the NAAQS limit of 6 ng/m® (annual average) except at Raja-ka-Tal. The average
concentration of Ni was exceeding the prescribed limit of 20 ng/m* (annual average) at DIC.

Levels of BaP are also exceeding the NAAQS limit at all the sites.

Present study shows that the levels of SO are decreased drastically by two times while levels
of NO; are increased by 1.4 to 2.6 times when compared with the levels of SO, and NO»

measured in 1993 (when the coal was in use).

(b) Emission Inventory and Source Dispersion Modelling

Emission inventory (EI) is a tool for identifying the sources of pollution and
quantifying emissions of pollutants. The study involved preparation of emission inventory for
stack (point) and vehicular (line) sources. The data/information was obtained from the office
of District, Firozabad and District Industry centre (DIC), Firozabad. All the available sources
of primary as well as secondary data were referred. Appropriate methodologies/ techniques

were adopted for the development of emission inventory.

In order to understand the movement of emission from the stack top, simulation of emitting
plume is carried out using source dispersion model. State-of-the-art CALPUFF model is used
for this purpose. Study domain of 100 km x 100 km, which covers the important places within
Taj Trapezium Zone is constructed. The main places covered in the study domain are
Bharatpur, Mathura, Agra, Hathras and Firozabad. Meteorological data of the complete study
area at a resolution of 4 km x 4 kme is prepared using prognostic model. The wind direction for
February and July is towards Taj Mahal, the simulation is carried out for these two months
and the resulting GLC of NOx (Ref. Fig. 5.20 and 5.21 in Chapter 5). In both (February &
July) the months, the wind is from two different directions thereby merging the isopleths. The
isopleth indicates that the pollutants ceases within a very short distance from the cluster of

sources and is not likely to reach Agra.
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(¢) Source Contribution (Apportionment) Analysis

The contribution of co:Emim by various sources and their respective share with respect
to ambient air quality in any given area can be assessed in two ways. One is through the
calculation of emissions from various activities or source categories using emission inventory
data and the other is the estimation of percent fraction contributed by different source

categories to ambient air using recegfor modelling.

In this study, receptor data includes chemical species concentration of particulate matter
collected at three AAQ stations at Firozabad. Particulate matter collected from these sources is
chemically analyzed for various species and signature of sources was identified. The chemical
species data generated for PMio of pollution sources is called source signature profile. As
indicated above. the contribution of pollutants from different sources is carried out by receptor
modelling through appropriate markers using Chemical Mass Balance (CMB) model. The
contribution of pollutants from different sources mma:_m:.& for any sampling (receptor) site
would help in preparing the stratggy for pollutant control. Source apportionment study of PMio
showed that at Raja ka Taal the contribution of glass industries (40%), waste burn Am._ﬁx.v and
DG set emission (17%); at Tilak Nagar: road dust (33%), domestic burning (25%) and glass
industries (10%) and at DIC: waste burn (49%), road dust (15%) and glass industry (12%) were

observed. The overall source contribution of glass industries to PMio is found to be 20%.

4. Environmental Management Plan

—  The best available technique such as flue gas recirculation (FGR) and low NOx burners
and bag filter system in conjunction with a dry or semi-dry acid gas scrubbing system is
recommended to be adopted for control of dust emission from furnaces in the glass industry.

— Two post combustion technologies recommended for application to natural gas-fired
boilers to reduce NOx emissions are selective non-catalytic reduction (SNCR) and selective
catalytic reduction (SCR). The SNCR system injects ammonia (NH3) or urea into
combustion flue gases (in a specific temperature zone) to reduce NOx emission (Ref. US
EPA document: AP42, Fifth Edition, vol-1, chapter-1, 2009).

—  Periodic performance evaluation of control systems should be done and the efficacy of
efforts made towards pollution control should be evaluated through independent agency on
regular basis.

— Apart from the continuous monitoring of pollutants at source, regular ambient air
monitoring should be carried to assess the level and tracking the reductions in pollutants
levels in areas that may be impacted due to industries.

v
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— Vehicle movement related re-suspension of dust can be reduced by having better paved

roads and plantation along the roadsides. It is recommended to improve the traffic

management.

In order to control/mitigate air emissions from various activities in glass industries, and to
improve air quality in surrounding area, the proposed measures suggested based on the study

finding needs to be implemented.

F Conclusion
.

The scope of the present study is addressed to assessment of present air quality and
source apportionment of particulate matter including metal and organics to depict the dominant

contributories in air pollution from various sectors.
*

Presently the levels of particulates matter are exceeding the norms where the contribution of
secondary inorganic aerosols are emerging. NOy, VOCs, CO, COz and trace SOy, emit from
CNG based glass industry, transport sector (vehicular activities), fossil fuel burning
tagricultural and domestic burning) etc. Some of these pollutants also contribute to particulates
formation. In order to control/mitigate air emissions from various activities in the study area,

the measures recommended in the management plane based on the study data needs to be

mmplemented.

The predicted isopleth of source dispersion model (CALPUFF model) shows that the pollutants

weases within a very short distance from the cluster of sources in Firozabad and is not likely to

reach Taj Mahal, Agra.
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Chapter 1:

1 INTRODUCTION

1.1 Project Background

v

Firozabad, a city famous for its glass industry is located in North Central India,
in Western Uttar Pradesh. It is an industrial city and is well known for its beautiful bangles and
other glass products. City meets the 70% requirements of the country for different glass items.

Since Mughal era, rejected glass articles brought to India by invaders, were collected
and melted in locally made furnaces at Firozabad called "Bhainsa Bhatti*’. This practice is still
continued and has given Firozabad city, the distinction of Glass Manufacturing Hub.

The glass city falls within the Taj Trapezium Zone (TTZ). This area is in Agra-Mathura
region and declared as air pollution protected area by Ministry of Environment and Forests,
Government of India (MoEF, GOI). TTZ comprises over 40 protected monuments including
three World Heritage Sites — the Taj Mahal, Agra Fort and Fatehpur Sikri. Taj Mahal is one of
the Seven Wonders of the World notified in the World Heritage list of the United Nations
Educational, Scientific and Cultural Organization (UNESCO). It is located in >.m_‘m, Uttar
Pradesh. Emperor Shahjahan built Taj Mahal in 17" Century A.D. in memory of his beloved
wife, Mumtaj. This trapezium-shaped area of 10.400 sq.km around the Taj Mahal have Agra,
Firozabad. Mathura (all in UP) and Bharatpur in Rajasthan as its corner cities. (Figure 1.1) This

area is bounded by Longitude 77°15'E on the West, 78%3 O'E on the East and lines joining
Latitude 27%45 N to Latitude 27°30 N on the North and Latitude 26745 to 2700 N on the South.

Figure 1.1 TTZ area around the Taj Mahal and Cities Agra, -.::.oum_uma Mathura (all in UP) and

Bharatpur in Rajasthan as its corner cities.

CSIR-NEER] 1
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Earlier wood was used as a fuel during the old days which was later changed to coal and
coke. Emissions from coal/coke burning were ignored until early nineties however,
industrialization and urban growth in TTZ region has endangered the world famous Taj Mahal
and other historical monuments from the ever increasing environmental pollution. The concern
for protection of environment around Taj Mahal has raised objection to the large amount of coal

burning in the furnaces of Glass manufacturing units at Firozabad.

Litigation followed and in a landmark judgment Honble’ Supreme Court passed an order
Dt, 30-12-1996 (writ petition —civil No. 13381 of 1984) prohibiting use of coal/coke and
directed use of cleaner fuel i.e. Natural Gas. At present, 199 Glass-units are operating on Natural

Gas and remaining 30 to 40 units are awaiting release of Gas supply.

Uttar Pradesh State Pollution Control Board (UPSPCB) is monitoring 3 air quality
parameters. Respirable Suspended Particulate Matter (RSPM), Sulphur Dioxide (SO:) and
Nitrogen Dioxide (NO:) at 3 stations in Firozabad. It is reported that SO is below the stipulated
regulatory norms, while NOx and RSPM are above the regulatory norms. Following the practice
of monitoring the environmental status of TTZ, the committee had a meeting on May 6, m..o_mv
wherein issue of releasing gas supply to 30 to 40 glass manufacturing units was considered.
Matter of air pollution levels in Firozabad was also discussed and it was decided to ascertain
sources of increase of air pollution before taking any decision on the matter of releasing gas
supply to the new glass units. Directions have been given by TTZ authority for study of sources
of increase in air pollution specially NOx and RSPM to make the contribution of industry and

other sources clear. 2

In view of the directions given by TTZ authority, the Firozabad Administration through
their District Magistrate approached National Environmental Engineering Research Institute
(NEERI), Nagpur to conduct a study that establishes the air quality and further source

apportionment of Firozabad area (June 2013).

1.2 Taj Trapezium Zone (TTZ): Status and Chronology of Events

A decision was taken in 1973 by GOI to set up a Petroleum Oil Refinery at Mathura under the
Indian Oil Corporation of India. Concerns were expressed about the possible undesirable effects
on the historic monuments in the Agra-Mathura region, from the gaseous emissions to be
discharged from the Refinery. This was the first episode to raise concern regarding the

snvironmental safety of the Taj Mahal.

CSIR-NEER!
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In 1974, Expert®Committee (EC) constituted by GOI under the Chairmanship of Dr. S.

Varadarajan, concluded that there was no harm to the Taj from the proposed Mathura Refinery.

Based on the recommendations in the report of the EC on the Environmental Impact of Mathura
refinery, Vardarajan Committee (1978) recommended 3
» Closure of two thermal power plants in Agra
* Use of diesel in shunting yards in order to stop the use of steam locomotives

* Shifting of foundries from Agra City to an area south east of the Taj Mabhal.

In the meantime, the work on the Mathura Refinery started. The disapproval of the conclusions
of the Varadarajan Commitiee in 1979 necessitated the setting up of a joint Committee of
Parliament under the Chairmanship of Dr. Karan Singh. This Committee suggested shifting of

most polluting units to Etawah Region.

Subsequently, the GOI constituted a High Power Committee (HPC) and an Expert Group (EG)
to assist the HPC to make a detailed and in depth study of the whole problem and to make
suitable recommendations. The Chairman of Central Pollution Control Board (CPCB) was
appointed as the Chairman of the EG. Thus, in 1881, the Government closed two thermal power
plants. started the use of diesel in shunting yards resulting in stoppage the use of steam
locomotives at Agra and initiated the monitoring of Ambient Air Quality with the involvement
of Archeological survey of India (AST), CPCB (both continue monitoring till date) and NEERI
at Taj Mahal. The CPCB demarcated the Taj Trapezium Zone in 1981-1982,

In 1984, Mr. M.C. Mehta filed a writ petition before the Supreme Court against GOI, Mathura
Refinery, U.P. Govt. and other Govt. departments and requested to take suitable measures to
conserve the Taj Mahal from threat of air pollution caused by Mathura Refinery. For this, the

petition suggested the shifting of Mathura Refinery that started in 1983.

Recognizing the need to preserve precious monuments like Taj Mahal from air pollution point
of view, MoEF, GOI initiated another study by NEERT in 1993. NEERI’s report suggested a
slight modification of the TTZ boundary and recommended shifting of small-scale industries
out of the TTZ. Guided by this report, the Supreme Court asked industries in Agra to give
information relating to shifting vide their order of 11.04.1994. Sensing that such a step would
Kill the small industries, directly affecting 305 entrepreneurs, 57,800 workers and their families,

the Supreme Court disregarded the study done by NEERI in February 1994 and directed GOI,

CSIR-NEER] 3

































































































