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FOREWORD 

The Air ( Prevention and Control of Pollution) Act, 1981-an act of the Parliament-has been 
made effective since May 16, 1981. The Air Act came seven years after the introduction of the 
Water ( Prevention and Control of Pollution) Act, 197 4. 

The siting of a 6-million tonne a year crude processing oil refinery at 40 km away from Agra city in 
North-West direction near Mathura city caused concern in the mind of people at large and 
environmentalists in particular, in regard to the contribution of sulphur dioxide (S02) by the 
refinery and the effect of the chemicalsonthe marbles of the treasured monument-Taj Mahal. 
The Indian Oil Corporation ( IOC) who would manage the oil refinery claimed to contribute only 1 
tonne of S02 each day which would only cause 1 to 2 microgram rise of S02 in every cubic metre 
of ambient air at Agra city where Taj Mahal is located. 

Many started questioning about the existing level of S02 in the ambient air at Taj Mahal. The 
National Environmental Engineering Research Institute (NEERI), Nagpur measured at several 
locations at Agra city and found an annua.1 average of 17 microgram per cubic metre �g/cu m) of 
802 in the ambient air of Agra city. 

The two coal based thermal power stations, two ra'ilway marshalling yards operated by steam 
engine, foundries were considered the major contributors to the problem of S02 in Agra city. The 
Central Board's st4dy team made a in-depth study into the relative contribution of S02 by 
various activities in Agra city. The present report is the abridged version of the emission 
inventory of various activities including automobiles at Agra city. 
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As revealed in the emission inventory study the two thermal power stations and the foundries (J) 
contribute equal amount of 802 pollutant. The foundries contribute 60 percent of total S02 :J 
contributed by all industrial activities in the Agra city. 0 

The cooperation of the Department of Industries, Government of Uttar Pradesh, Uttar Pradesh 2-
State Pollution Control Board, Agra Iron Foundries Association is gratefully acknowledged. 

The Central Board's team who conducted the investigation under the overall planning and 
supervision of Dr. R.N. Bhattacharyya, Environmental Engineer is listed and their services are 
gratefully acknowledged. 
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1.1 

1.2 

1.3 

1.4 

INTRODUCTION 

The primary task of the Expert Group is to assist the High Power Committee who is to 
oversee the implementation of pollution control measures at Agra-Mathura Region, 
based on scientific and technical findings. In the preliminary report the Expert Group 
provided the following information. 

• Delineation of the air pollution protection area defining the boundary in the Agra
Mathura Region within which high polluting industries would not be permitted to 
operate. 

• Categori�ation of industries as highly polluting, medium .Polluting and not polluting 
so that the first category of industries need not come in the air pollution protection 
area and the second group may come with necessary pollution control. 

In the preliminary report, the Expert Group proposed the following four inter-related 
components of investigation in the same region : 

• Inventory of polluting sources and assessment of pollution emission in and around 
Agra-Mathura Region-INVESTIGATION ONE 

• Air quality monitoring in the Region in particular reference to Taj Mahal
IN VESTIGATION TWO 

• Development of a regional urban diffusion model with a view to predict the probable 
concentration of pollutants in different places of Agra and the Region
INVESTIGATIO N THREE 
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• Literature survey relating to observations about damaging effect of air pollutants -U 
(specially of sulphur dioxide) on monuments made of marble-INVESTIGATION () 
FOUR. CJJ 

In addition to highlighting salient aspects of preliminary report, the present report 
summarises the inventory of polluting sources and of pollution emission in Agra region. 
This report also includes the impact of the polluting sources of the region in terms of the 
concentration of sulphur dioxide in the ambient air near about Taj Mahal. The proposed 
studies, designated as I NVESTIGATION TWO, THREE and FOUR, are not included in 
this report as no commensurate progres's is made. 

The inventory work was carried out in three phases as follows: 
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(A) Stationary sources (mainly industries in the Agra city and its outskirts) : Period- :::J 
January-Febuary, 1981. 0 

(B) Stationary sources (mainly industries) in Ferozabad Town: Period-March-April, 
:::J 

-
1981. 

(C) Line sources (Vehicular Traffic) in and around the 3 km radius surrounding Taj 
Mahal: Period-December, 1981. 

1.5 Besides, the sulphur dioxide concentration in the ambient airat Taj Mahal was measured 
fo'r 3-day each week from January through September, 1981. Although 24-hour 
measurements for suspended particulate matter (SPM) were taken for 3-day each week 
for the calendar year of 1981 on those days when sulphur dioxide concentrations were 
measured, reporting �:>n .this parameter is done in the detailed report and not in the 
abridged report. - -



FINDINGS AND RECOMMENDATIONS 

2.1 On the basis of investigations conducted on the inventory of industries and the measure
ments of concentration of sulphur dioxide in the ambient air in and around Taj Mahal 
during the period of January through September, 1981, the findings and recommenda
tions are listed below: 

2.2 Findings 

2.2.1 Industrial activities which are in operation in Agra city and its outskirts could be 
categorized as (i) Ferrous Metal Casting using Cupolas (Foundry); (ii) Ferro-alloy and 
Non-Ferrous Castings using Crucibles, Rotary Furnaces etc., (iii) Rubber Processing; 
(iv) Lime Oxidation ard Pulverising; (v) Engineering; (vi) Chemic.al; and (vii) Brick and 
Refractory kilns (Table 4-1 ) .. 

2.2.2 Most of the industrial activities in Agra city and its outskirts are located in .4 zones 
recognized as industrial zones and in 5 other zones which are not at all recognized for 
industrial activities as seen from the present land use pattern. These 9 zones are 
presented in Map No. 1 indicating the category-wise distribution of Industries in each 
zone in the Map. The 4 recognized zones are (A) Foundry Nagar; (B) Industrial Estate 
including adjoining areas; (C) Ram Bagh; and (0) Hathras-Roa.9. The 5other zones are 
named for the present investigation as ( E1) Sultanganj;-(E2} Moti Katra; ( E3) Loha Mandi; 
(E4) Mathura Road; and ( ES} Bod la ( Para 4.3.1 }. The total number.of industrial units in the 
4 contigous zones are 128 against a total number of units of 162 in the 5 other mixed land 
use zones (Table 4-1 ). 

2.2.3 The industrial activities in Ferozabad town locate·d 40 kms East of Agra city are primarily 
confined to glass products such as (i} Glass Bangles; (ii} Glass Blowing; (iii) Block Glass 
products; (iv) Glass Beads; and (v) Potteries and Ceramic (Table 6-1 ). 

2.2.4 The 6 important road crossings located within 3 km radius of Taj Mahal which. were 
surveyed for vehicular traffic indicated movement of 6,349 (Heavy Tonnage Vehicles} 
trucks, buses etc. operated on diesel, 4861 (Medium Tonnage Vehicles} automobiles, 
and 16, 103 (Light Tonnage Vehicles} scooter-taxis in a day (Table 7-1 }. 

2.2.5 The contribution of sulphur dioxidethrough emission primarily from the combustion of fuels 
comprising hard coke, steam coal, wood and fuel oil is estimated as 3.64 tonnes per day 
from industrial activities in the Agra city and its outskirts (Table 5--3). The vehicular 
contribution as e_stimated from traffic census in 6 road crossings is only 65 kg a day or 
0.065 tonnes a day and should be considered negligible for the present ( Para 7.4). 

2.2.6 The contribution of sulphur dioxide from the 5 recognized distinct discrete sources in 
tonnes per day are 2.28, 2.28, 1.36, 1.21 and 0.065 from (i) two thermal power stations; 
(ii) foundries, (iii) other industries in Agra (iv) two railway marshalling yards, and (v} 
vehicu1ar traffic respectively. Omitting contribution from vehicular traffic as because· H 
is considered negligible, the relativecontributions from the other 4 distinct sources are ·· 
32, 32, 1 9 and 16.9 per cent. With the elimination of the first and the fourth sources-by 
closing down the two thermal power station and replacing coal fired steam engines by 
diesel engines in the two railway marshalling yards-:about 50 per cent (48.9 to be exact} 
c1,1t down of sulphur.dioxide emission is expected ( Para 8.4). 
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2.2.7 The fuel consumption in Ferozabad town as obtained through field survey is 50,737 
tonnes of combined fuel a month. The estimated emission of sulphur dioxide is 23.68 
tonnes a day which is extremely high as compared to that emitted at Agra(Table 6-2). 

2.2.8 The ambient air quality at Taj Mahal is measuredfor sulphur dioxide for 9 months during -
January-September, 1981 as presented in this reportThe monitoring station is maintained 
to record the trend. The 802 pollutant wind rose indicates that duringJanuary-March,1981 
period the 802 pollutant was predominantly contributed from the North-Western sector 
where all the major activities like the 2 power stations, the 2 railway marshalling yards, 
and the 4 industrialized zones A through D are located (Map No. 2 and Para 8.1 ). 

2.2.9 The weighted mean of sulphur dioxide concentration during January-March 1981 is 
23.03 microgram per cubic metre of ambient air near Taj Mahal. With the 9losure of the 
Thermal Power stations at Agra Fort and ltmad-ud-daula and the introduction of diesel 
engine in place of steam engine shunters at the Agra cantonment arid ldgah Railway 
marshalling yards the weighted mean of sulphurdioxideconcentration has comedown to 
5.64 microgram per cubic metre of ambient air near Taj Mahal. Thus, with fifty percent 
reduction in emission the reduction in concentration of sulphur dioxide at theTaj Mahal is 
achieved to the extent of about seventy five percent ( Para 8.4). r 

2.3 Recommendations 

On the-basis of the findings as listed above, the recommendations for consideration are 
listed below: 

2.3.1 A continuous oxides of sulphur monitoring recording station sh0uld be maintained at Taj 
Mahal. i 

2.3.2 Any activities that contribute to air pollution should be kept to a minimum, both in the 
North-West and also North-East Quadrant in the Agra city in reference to Taj Mahal. 

2.3.3 With the closure of the two thermal power stations and the introduction of diesel shunters 
in the two railway marshalling yards the emission of sulphurdioxide is now caused by the 
fuel burning industrial activities. The iron foundries in Agra contribute about 60 per cent 
of total industrial emission of sulphurdioxide by increasing, the metal fuel ratio from the 
present 2 : 1 inthe foundries at Agra to the ideal 8 : 1 ratio a s'ignificant reduction in 
sulphur dioxide emission is possible. An expert team capable of improving cupola 
practices in foundries should be engaged. 

2.3.4 Although contribution of sulphurdioxide pollution to Agra city from Ferozabad is not very 
much perceptible on the basis of 9-month observation, the observation should continue 
by maintaining the ambient air quality monitoring station at Taj Mahal. An expert team 
capable of improving furnace design and operation for glass works should also be 
engaged. 
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SALIENT ASPECTS OF PRELIMINARY REPORT 

3.1 The Government of India constituted a High Power Committee (HPC) to oversee the 
implementation of the necessary Air Rollution Control measures and an Expert Group 
(EG) to assist the HPC with its findings and recommendations vide Resolution No. 
6/11 /78-Env. dated September 24, 1979 of the Department of Science and Technology. 
The Ministry of Works and Housing has been designated as the 'nodal Ministry, for acting 
and co-ordinating the activities of other concerned Ministries and agencies in this 
respect. The Chairman, Central Board for the Prevention and Control of Water Pollution, 
has been appointed as the Chairman of the Expert Group vide Memorandum No. 
15011 /5/76-EPC dated 29, December 1979 of the Department of Science and 
Technology. 

3.2 In pursuance of the above and in accordance with the recommendations of the first 
meeting of the HPC held on December 17, 1979, the Expert Group met three times on 
January 25, February 11 and February 27, 1980. Besides these three meetings, experts 
from Indian Meteorological Department (IMO), Archaeological Survey of India (ASI), 
National Environmental Engineering Research Institute ( NEERI), along with officials of 
Central Board for the Prevention and Control of Water Pollution (CBPCWP), Indian Oil 
Corporation (IOC) and Government of Uttar Pradesh met at Agra on February 6, 1980. 

3.3 The Expert Group persued the·minutes of the first meeting of the High Power Committee 
and also the terms of reference given to the Expert Group during the course of 
discussions. In the preliminary report the EG provided the following information. 

3.3.1 Delineation of the air pollution pr.otection area defining the boundary in the Agra-Mathura 
Region within which high polluting industries would not be permitted to operate. 

3.3.2 Categorisation of industries as highly polluting, medium polluting and not polluting so 
that the first category of industries need not come in the air pollution protection area and 
the second group may come with necessary pollution control. 

3.4 Delineation of Air Pollution Protection Area 

3.4.1 The EG attempted to define the geographical limit within which the location of new 
industries should not occur and the relevance of the existing industries should be 
considered. After considerable deliberations the EG agreed to adopt methodology to 
define the geographical lii:nit utilising 3-year long meteorological data of wind speed and 
wind direction observed in the city of Agra. Wind speed and direction data were available 
for 1 2 directions for the 3-year period 1 977-1979. The weighted mean of wind speed 
from the 12 directions once. obtained helps in getting the idea of the directions from 
where the pollutants if originated would travel faster towards the sensitive area as 
compared to the pollutants originated in other directions. The following two basic criteria 
are considered here. 

3.4.1.1 The rate of trans
.
port of pollutants in a particular direction is proportional to the wind 

speed in this direction; 

3.4.1.2 The concentration of pollutants in a plane with reference to the distance from its source 
follows the normal law of distribution. 
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3.4.2 The Taj Mahal at Agra and the Bird Sanctuaryat.Bharatpurare the twosuch sensitive area 
recognized by the EG ,in preparing the 12 directional weighted mean of wind speed. To 
cover the influence of Mathura on both Bird Sanctuary and Taj Mahal, the crow-fly 
distances between Mathura-Agra and Mathura-Bharatpur are taken as the equivalent 
distance to convert the wind speed into distance in any one of 1 2 directions. The envelop 
of the two such areas was considered to be the rational definition of the geographical 
limit. 

3.4.3 The prevalent wind direction is from Mathura to Agra and for this reason the Varadarajan's 
Committee recommended that there should not be any major air polluting industry in 
Mathura-Agra region to safeguard the monuments of Agra. 

3.4.4 

3.5 

In defining the final area due consideration was also given about the conveniently 
demarcable latitude and longitude. The area is of regular trapezoidal shape extending 
between 26° 45' N and 77° 15' E to 27° 45' N and77°15' E in the West of Taj Mahal and in the 
East of Taj Mahal between 27°00'N and 78°30'E to 27°30 'N and 78°30'E. The enclosed 
area is about 10,400 sq km. The Map is appended at the end of the report as Annexure I. 

Categorisation of Industries 
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3.5.1 The EG discussed the rationale t_p_be followed with a view to categorisethe industries in � 
such a nianner that only the non-polluting industries should be permitted withfn the 0 
geographical limit. In this regard the EG intended to propse three categories of industries tJJ 
and desired that these three categories should be finalised in consultation with -. 
Department of Industry, Department of Chemicals and Fertilisers and Department of � 
Science and Technology. � 

3.5.2 After due consideration of the nature of each industry, processes involved, raw material 0 
and fuel used,and associated products(s), by-product(s), and co-product(s), industries � 
have been grouped into three categories as follows : o

CD 
Category I. Industries that are to be prohibited to come up within the air � 

Category II. 

pollution protection area. en 
::J 

Industries that may be permitted to come within the area only 0 
with adequate environmental control measures; and 

Category Ill. Industries that may be permitted to come up within the area. 

The list considered and approved by the Department ofl ndustry,Department of Chemicals 
and Fertilisers and the Department of Science and Technology is provided as ti.nnexure / .. 



INVENTORY OF POLLUTION SOURCES 

4.1 Specific O bjective 

Inventory of stationary polluting sources· was mainly aimed to estimate the quantum of 
the possible emission of the specific pollutant sulphur dioxide (802) which emits 
consequent UPOl'.l combustion of fuel used in the indusfrlal units. The Central Board's 
survey team covered all the industrial units relevant to air pollution, although the main 
task was to evaluate the contribution to air pollution from foundries. 

4.2 Types of Industrial Activities 

4.3 

4.3.1 

4.3.2 

Interaction with the Department of Industries, Government of Uttar Pradesh, at Agra and 
a rapid inventory at Agra suggested that the industrial units Y{hich are in operation atAgra 
could be covered within the following categories. 

- Ferrous metal casting with cupola 
- Ferro-alloy and non-ferrous industries using crucibles, rotary furnaces etc. 
- Rubber processing units 

· · • 
- Lime Oxidation and Pulverising Units 
- Engineering Industries. 
- Chemical Industries 
- Brick and Refractory Kilns · 

Spatial Distribution of Industries 

m 
z 
< 
(./) 
() 
CD 
::J 
,...... 

ro 
() ""'O 
() 

To facilitate field survey, all the industrial units under any of the seven categories as listed C:::O 
above were identified location-wise. Personal visits to these units were made by the--� 
Central Board's survey team to collect the relevant information using properly designed 
questionnaire. The geographical distribution of the relevant industrial units was such that 
all the units belonging to the 7 categories could be put in any one of the 9 pockets or () 
zones as indicated in Map No. 1 and.listed below: ""O 

Foundry Nagar (A) 
Industrial Estate {including adjoining areas) (B) 
Ram Bagh (C) 
Hathras Road (D) 
Sultanganj (E 1) 
Moti Katra (E2) 
Loha Mandi (E3) 
Mathura Road (E4) 
Bodla (ES) 

The first four zones are contiguous, more recognized as industrial areas, while the latter 
five zones are like patches intersperse.d with various other urban activities, indicate 
mixed lan_d use suggesting lack of planning and control. Table 4�1 summarizes zone-wise 
distribution of industrial activities indicating their categories. 

6 

(") 
O" 
CD 
::J 
< 
(/) 
::J 
(") 
::J 



-.J 

SI. Zones 

TABLE 4-1 

ZONE-W ISE DISTRIBUTION. OF IN DUSTRIAL ACTIVITIES IN DICATING 
THE IR CATEGORY AGRA C ITY AN D ITS SURROUN DING AREAS 

Zone Total Ferrous Ferro Rub ber Lime EngineerChemical 
No. Sym bol in each casting alloy process- Process- ing 

zone ing ing 

1. Foundry Nagar (A) 26 21 - - 1 
2. Industrial Estate (B) 65 27 19 6 3 
3. Ram Bag (C) 16 13 2 - -
4. Hathras Road (D) 21 11 4 - -
5. Sultanganj (E1) 77 45 15 - 2 
6. Moti Katra (E2) 19 3 6 2 -
7. Loha Mandi (E3) 21 2 10 4 2 
8. Mathura Road (E4) 29 4 4 1 7 
9. Bod la (ES) 16 

. .  - 3 3 1 

Grand Total in 290 126 63 16 16 
each category of 
Industry 

(u!·�!U'S!/\Uaq�d�rMMM).88d8 'aJlLI88 Sl/\N3 

3 
4 

-
1 
6 
3 
2 -

-

19 

1 
6 
1 
5 
9 
5 

-
4 
2 

34 

. · .. 

Brick 
refractory 

2 
9 
7 

16 



·ASSESSMENT OF POLLUTION EMISSION IN 

AGRA CITY AND ITS SURROUNDINGS 

5.1 Ferrous Metal Casting With Cupola (Foundry) 

5.1.1 As indicat-ed i-n Table.4-1 there are 126 ferrous metal casting units, henceforth will be 
termed as foundries having a total number of 187 cupolas in which 148 were reported to 
be in use at the time of survey. The size and capacity of cupolas vary widely between 1 
tonne per hour to 12 tonnes per hour with reported rate of charging between 4 and 20 
times a month depending upon product demand and availability of raw materials. The 
height of the stack ranges between 2.4 and 10 metres with the internal diameter of stack 
varying between 45.7 and 167.2 cm. Re<Iders interested in complete information may 
study the detailed Report. 

5.1.2 In most of the categories of industrial activities all varieties of fuels are used. The 
commonly used fuels are Hard Coke, Steam Coal, Wood, and Oil.It is evident from Table 
5-1 that the average metal fuel ratio of. 2 : 1 is considerably lower as compared to the 
generally operative ranges between 6 : 1 and 12 : 1 and the ideal choce is 8 : 1. 
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5.1.3 () The average low metal fuel ratio of 2 : 1 as observed in the foundries:. surveyed, suggest · "'U 
inefficient metal melting process as well as inefficient heat utilisation and more air () 
pollutant generation per unit weight of metal cast. Molten metal absorbs sulphur present OJ 
in fuel. Low metal fuel ratio causes less sulphur to be absorbed in the metal, thus allowing 

5.1.4 

more to escape to theatmosphere.Although hard coke is found to be mainly used in 
melting operations, use of steam coal, as in Table 5-1, is as high as 14 per cent of hard 
coke used. Steam coal has higher sulphur content as compared to hard coke, whose 
sulphur content as analysed by the Central Board is 0.4 per cent by weight. 

In the lack of analytical report about the sulphur· content in steam coal, wood, diesel, 
kerosene, and furnace oil, and average sulphur content higher than that is present in hard 
coke is presumed for the estimation. For the estimation of sulphurdioxide emission from 
foundry operations 5 kg of sulphur is considered for every tonne of mixed fuel used (vide 
Table 5-1 ). For hard coke only this value should have been 4 kg of sulphur for every tone 
of hard coke used. It is established that some quantity of sulphur content in the fuel is 
absorbed in the molten metal. This absorption depends on the sulphur content of the fuel, 
metal fuel ratio, the mangenese content in the charge, and the flux used during melting. 
Generally the absorption of sulphur in the molten metal is within the range between 0.03 
and 0.05 per cent of molten metal. Considering metal fuel ratio as 2 : 1 and the. lowest 
absorption of sulphur, 0.6 kg of sulphur may be absorbed per tonne of the metal. Because 
of inefficient cupola operation the absorption quantity is considered reduced to 0.5 kg of 
sulphur per tonne of metal cast. The estimated sulphurdioxide emission from foundries is 
given in Table 5-2 both in Tonnes per month and in Tonnes per day. 
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TABLE 5-1 

METAL TO FUEL RATIO IN FOUNDRY O PERATION 

Quantities In Tonnes per Month 

Foundry Raw Material Fuel Consumption Metal 
Number Total Total Casting� .Blti. .ratio 

Cupola in t:tard �Qkg 
.Y.tt C.I. Sera� Steam Coal 

Total cupola Pig iron WQQd 
Oil 

126 19,357 8,598 17,495 17,495 
148 2,624 6,835 8,598 2 :1 
187 16,733 90·1 

702 
154 

TA BLE 5-2 

SUL PHURDIOXIDE EMISSION FROM FOUN DRIES 

Tonnes 
per month Estimation for Sulphur in Tonnes per month 

Castings Content in 
Total Fuel@ 5 kg/ 

Fuel used tonne of fuel 

17,495 
8,598 42.99 

5.2 Other Categories of Industries 

Absorbed in Emitted 
Metal@ 0.5 
kg/tonne of 

castings 

8.75 34.24 

Estimated So2 in 
Tonnes 

Monthly Daily 

68.48 2.28 

Similar to Table 5-2 estimatio_n for sulphur-dioxide emission is done for each category of 
the industries after obtaining the. type and quantity of fuel consumption through direct 
field contact with the industrial units. The possible sulphur content in the type of the fuel 
used for each category of industries is examined and decided carefully and the industry 
category wise sulphur values used for the estimation of sulphurdioxide emission is given -
in Table 5-3 along with the contribution and percent contribution of sulphurdioxide by 
each category of industry in Agra city and its surrounding areas. 
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TA BLE 5-3 

ASSESSMENT OF SUL PHUR DIOXI DE EMISSION FROM EACH CATEGORY OF 
IN DUSTRY IN AGRA 

Industry Total fuel s·ulphur Emission Sulphur-dioxide 
Category used in content ii}, of sulphur 

tonnes per tonne from fuel 
per month of fuel in tonnes Tonnes Tonnes 

per month per month per day 

Foundry 8598 5 34.24 68.48 2.28 
Ferrow-alloy 1,105 5 3.50 11.00 0.37 
Rubber Processing 254 7 1.80 3.60 0.12 
Lime Processing 785 0.2 0.16 0.32 0.01 
Engineering 359 7 2.51 5.03 0.17 
Cnemical 1,012 7 7.08 14.16 0.47 
Brlick Refractory 480 7 3.36 6.72 0.22 

Total 12,593 54.67 109.31 3.64 

(U!'8!U'S!AUaq8d�YMMM) 88d8 ' aJlU88 Sl/\N3 

Percent 
contribu.tion of 
S02 by each 
category of 
industry 

62.74 
10.14 

3.29 
0.27 
4.66 

12.88 
6.02 

100.00 



6.1 

ASSESSMENT OF POLLUTION EMISSION IN 

FEROZABAD TOWN 

It was brought to the notice of the Expert Group that a sizable amount of steam coal is 
used in Ferozabad town which is located only 40 kms East of the Agra city and has a 
population of about 50 thoblsand within the town area having an areal spread of 25 sq. km. 
This is a commercial centre and is specially reputed for production and sale of varieties of 
glass bas,ed items such as glassware, potteries, bangles, chandeliers. The Expert Group 
sent a Central Board's survey team during March-April, 1981 on the consideration that if 
the emission from the combustion of fuel at Ferozabad effect the pollutant concentration 
level at Agra city and near about the Taj Mahal in particular the source emission inventory at 
Ferozabad should also be conducted. While the source emission inventory would give 
idea about the potentiality of pollution to Agra city from Ferozabad, the su�phurdioxide 
measurement of ambient air at the Taj Mahal would indicate if pollution is travelling from m 
. that direction or not. Z 

6.2 According to the foregoing decision inventory questionnaire survey was conducted 
through personal visit of the Central Board's survey team duri:ig March-April, 1 981. 
Altogether 211 industrial units which use fuels of any one of the types mentioned before 
were identified. The industrial units are categorised as below (Table 6-1) indicating 
the numbers in each category . . 

< 
(J) 

6.3 

TABLE 6-1 
CATEGORY AND NUMBER O F  GLASS BASED UNITS AT FEROZABAD 

� 
::J 
...+ 
., 
CD 

0 "1J 
0 

Category Number of units OJ 

Glass Bangle Producing 
Glass Blowing 
Block Glass 
Glass Beads 
Potteries & Ceramic 

Total 

130 
37 
26 

8 
10 

2 1 1  

(") 
-0 
(") 
0-
CD / ::J 

In addition to the fuel consumption in the above industrial units, a total contingent of < 
1,000 muffle furnaces which aid in joining and shaping of glass .bangles use 10,000 �· 
tonnes of steam coal each month while the industrial units use 40,737 tonnes of fuel ::J 
directly every month. The estimated, emission of sulphur dioxide at Ferozabaddue to fuel ("). 
burning industrial activities is given in Table 6-2. � 

TABLE 6-2 

ASSESSMENT OF SULPHUR DIOXIDE EMISSION AT FEROZABAD TOWN 

Fuel Burning 
Operations 

Number 
of units 

Fuel con
sumed in 
Tonnes/ 

Pollutant Emissionc 
Sulphur in SQi Emission· 

Industrial units 
Muffle Furnaces 

Total 

a: mixed fuel 

211 
1000 

b : Steam coil 

Month 

840,737 
b10,000 

50;737 

Tonnes/ Tonnes/ Tonnes/ 
Month Month Day 

285.16 
70.00 

355.16 

570.32 
140.00 

710.32 

19.01 
4.67 

23.68 

c: sulphur estimated at the rate of 7 kg per 
tonne of fuel combustion 



SULPHUR DIOXIDE POLLUTION FROM LINE 

SOURCES 

7.1 Line sources mean automobile which emits many pollutants during linear movement. 
Although sulphur dioxide is not a pollutant significantly contributed byautomobile 
exhaust as contrast to carbonmonoxide, hydrocarbons, oxides of nitrogen, and lead 
even then while the present Investigation was attempting to account for the total 
emission of sulphur dioxide it was thought prudent to have a traffic survey done in 
contrast important road crossings specially within 3 km radius centeringaround theTaj 
Mahal. The traffic survey was conducted during December, 1981. 

7.2 ·As indicated in Map No. 1 the traffic survey was conducted at 6 road crossings selecting 
those crossings through which traffic moves in and out of the imagina_ry 3 km radius circle 
surrounding the Taj Mahal. The road layout from any one of the crossing within the 3 km 
radius circle is such that a vehicle would travel a distance of 4 km on an average within the 
circle till the vehicle is out of the circle. 

7.3 In Table 7-1 the summary of traffic census is given classifying the vehicles into 3 
categories : 

- Heavy Tonnage Vehicle (HTV) . 
- Medium Tonnage Vel)icle (MTV) 
- Light Tonnage Vehicle (LTV) 

TA BLE 7-1 

TRA F FIC CENSUS WITHIN 3 KM RADIUS O F  TAJ MAHAL 

SI. 
No. 

1 
2 
3 
4 
5 
6 

Crossing Name 

Taj Mahal 
Taj Ganj 
Agra Fort 
Aulia (Gwalior) 
Hathighat 
Shastri 

Total 

Number of vehicles in a day 

HTV MTV LTV 

82 453 1,475 
556 794 2,12Q· 

1,466 787 3,818 
1,711 535 2,707 
2,236 858 3,017 

298 1,434 2,966 

6,349 4,861 16,103 

7.4 Taking 0. i ·percent and 0.3 percent sulphur in petrol.and diesel respectively and on the 
basis of 4 vehicles km. for each vehicle, the likely sulphurdioxide emission for HTV, MTV 
and LTV is 8 gm, 1.6 gm and 0.4 gm per vehicle, respectively which amounts to 50.8 kg, 7.8 
kg, and 6.4 kg, respectively per day. Thus the total daily 802 emission from line source 
(traffic) in the 3 km radius zone around Taj Mahal is 65.0 kg. 
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7.5 Combining the sulphurdioxide emission as estimated in Table 5-3 for industrial activities 
in Agra city along with that contributed by vehicle movement within 3 km radius of the Taj
Mahal, the total daily sulphur dioxide emission can be estimated as 3.64 + 0.065 =3.705 
tonnes. It is to be recognized that sulphur dioxide is also emitted because of use of fuel in -
domestic and commercial purposes specially for cooking which' has not been attempted to be 
accounted for in this report. However, the contribution of sulphur, dioxide in the ambient 
air of the nearby town of Ferozabad which is 40 kms East of the Agra city is 23.68 tonnes 
per day. By maintaining a sulphur dioxide measuring station at Taj Mahal and assessing 
the contribution of sulphur dioxide from the 16 different directions it appears that 
although as much as 23.68 tonnes of sulphur dioxide is generated at Ferozabad no 
significant contribution from this town to the Agra city is perceptible. 
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CONTRIBUTION OF SULPHUR DIOXIDE IN THE 

AMBIENT AIR AT TAJ MAHAL FROM THE 16 
DIRECTIONS 

8.1 

8.2 

8.3 

A sulphur dioxide monitoring station has been maintained at Taj Mahal from January 
1981 for measuring sulphur dioxide concentration in the ambient air at 4-hour interval for 
3 days a week. The station is further maintained to record the trend. The fuel consumption 
per month as well as sulphur dioxide emission per month in the 9 zones of the Agra city along 
with those for the two thermal power stations and the two railway marshalling yards . 
indicated in the form of bar diagram in Map No. 2. On which is also shown the sulphur dio
xide concentration for 3 different ranges, i.e. 0 to 20 micrograms /M3, 20 to 40 micro
grams/M3 and 40 to 60micrograms/M3 of air in terms of their percentage of frequency of 
occurence in the 16 directions and such presentation is termed as pollutant windrose. 
The pollutant wind rose presented in Map No. 2 represents the observations during 
January-March, 1981. The pollutant windrose suggests that the major contribution of 
sulphur dioxide to the ambient air in and around Taj Mahal happens to be from the North 
Western quadrant as shown in Map No. 2. · 
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CD 

As it is reported that the marshalling yards.are now operated by using diesel engine � 
shunters in place of steam engine ·shunters and the two power stations are also closed co 
down the corresponding fuel consumption and the concomitant sulphur dioxide emis
sions for these four point sources are deleted from Map No. 3. On this Map the sulphur 0 
dioxide pollutant windrose is also depicted by assembling the observations for the "U 
months of the April to September, 1981. By comparing the two pollutant windrose as () 
presented in Map No. 2 ·and Map No. 3 it may be said that there is a significant reduction OJ 
by as much as three-fourth in the concentration of sulphur dioxide in the ambient air � 
surrounding Taj Mahal indicating the effect of closure of the 2 power stations, dieselisation � 
of the 2 marshalling yards as well as better meteorological conditions during April � 
through September as compared to January through March which help dilution and () 
dispersion of sulphur dioxide. '"O 

(') 
The total steam coal consumed per month by the above 4 distinct sources along with the g 
possible emission of sulphurdioxide per month and per day is given in Table. 8-1. ::::::i 

< 
TABLE 8-1 

ASSESSMENT O F  SULPHER DIOXIDE EMISSION FROM THERMAL 
POWER STATIONS AND RAILWAY MARSHALLING YARDS 

Fuel or 
Pollutant 

Unit 
Railway Marshalling 

Yards 
Agra ldgah 

Thermal Power 
Station 

Agra ltmad·ud 
Total 

Steam coal 

Sulphur dioxide 
Sulphur dioxide 

Tonnes per 
month 
-do

Tonnes/day 

Cantt. 

1476.5 
20.7 

0.6� 

14' 

1113.5 
1-5.6 

Q.52 

Fort daula 

3149.0 
44.1 

1.47 

1731.0 
24.2 

0.81 

7470.0 
104.6 

3.49 



8.4 

,t 
,j 

t 

-

The above 4 distinct sources col�ectively were emitting 3.49 tonnes of sulphurdioxide 
each day against a total of 3.64 tonnes from all other industrial sources in Agra city 
including 2.28 tonnes from foundries. Thus, the percent reduction in daily sulphur dioxide 
emission may be taken as 3.49 X 100/(3.49 + 3.64) = 49 (or approximately 50 percent). 
the weighted mean of sulphurdioxide emission during April through September is 5.64 
microgram per cubic metre of ambient air against 23.03 microgram per cubic metre of 
ambient air during January through March indicating a 75 percent r�duction. It, therefore, 
seems logical to conclude that the reduction in sulphurdioxide concentration in ambient 
air near Taj Mahal is not only due to the closure of two thermal power stations and 
dieselisation of the engines used in the two railway marshalling yards but also because of 
more unstable meteorological conditions during the later period and thereby aiding rapid 
dilution and dispersion of sulphurdioxide. 
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ANNEXURE ONE 

e M
.
AP O F  AGRA·MATHURA REGION 

DEFINING 
AIR POLLUTION PROTECTION .A�EA 

e CATEGORISATION O F  INDUSTRIES 

CATEGORY I. 

CATEGORY 11. 

CATEGORY Ill. 

16 

Industries that are to be prohibi
ted to come within the air pollu
tion protection area. 

Industries that may be permitted 
to come within the area only 
with adequate environmental 

· co_nfr<?I measures. 

Industries that may be permitted 
to come within the area. 
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MAP No. 2 STATUS OF AIR POLLUTION IN AGRA AND AROUND TAJ 
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