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ABSTRACT

The ambient air quality of sponge iron industries located in four distinct clusters in Sundargarh
district of Odisha, India (i.e., Kuarmunda, Kalunga, Rajgangpur and Bonaigarh clusters having 12,
13, 7 and 12 numbers of industries and a cumulative capacity of sponge iron production of 2075,
2450, 1500 and 1700 TPD respectively) were assessed in the present work to judge the impact of
various sponge iron plants operating in the area. For the purpose, monitoring of stack and ambient
air quality inside the five industries in each industrial cluster and ambient air quality within a
radius of 2.0 kms around the four industrial clusters (in East, West, North and South directions) was
carried out every week with a frequency of two samples per week in three seasons (i.e. during
rainy, winter and summer) during 2010 – 11 for a year following the guidelines of Central Pollution
Control Board. The results suggest that all the industrial clusters have exceeded the permissible
limit with respect to the particulate matter and NO2 emission from the stacks (PM:  106.07 and
NO2: 96.47 against standard of 100 µg/Nm3 and 80 µg/m3 respectively). The particulate pollutants
(SPM and RPM) inside and outside the plants in all the clusters were also found to be exceeded
their respective standards (SPM:  891.23 and RPM: 284.40 and SPM:  322.77 and RPM: 138.31
against standard of 360 and 120 µg/m3 and 140 and 60 µg/m3 inside and outside the plants
respectively), but the gaseous pollutants (SO

2
 and NO

2
) were marginally under the permissible

standards. Also evident from the Air Pollution Index (API), all the clusters both inside (API:
148.14) and outside (API:  128.65) the plants suffered from Severe Air Pollution (SAP) situation.
Hence, immediate implementation of corrective measures along with massive plantation in and
around the sponge iron industrial clusters is the urgent need of the hour.

KEY WORDS : Ambient air quality, Particulate matter, Gaseous pollutant, Stack
monitoring, sponge iron plants

INTRODUCTION

Air, being a basic amenity of life has been under
severe stress over the decades due to rapid growth
of industrialization, urbanization, motorization and
above all population (Chauhan and Pawar, 2010).
Among the various agents responsible for the
pollution of the air, industries are by far most
conspicuous (Panda and Panda, 2012). Industrial
activities discharge a variety of particulate and
gaseous pollutants (both primary and secondary)

from various operating units, depending on the
nature of the industry and raw materials concerned.
Further, the nature of wastes is contingent upon the
industrial processes in which these originate
(Mahajan, 1985).

The extent of the air pollution problem and the
impact that industrial activities creates in the
developing countries, are far higher than those in the
developed countries. The developing nations in
their pursuit of better economic growth and
competitiveness in the global market tend to set up
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industries that employ cheaper technologies and are
not stringently adhered to emission norms even at
the cost of human health and well being,
surrounding natural resources as well as
environment (Hegerl et al., 2007).

Air pollutants, when released to the
surroundings, pose serious threats to the different
life forms and other segments of the environment
(Hippeli and Elstner, 1993). The particulate and
gaseous pollutants are not only responsible directly
or indirectly for altering the primary composition of
the atmosphere (Singh and Agarwal, 2005), but also
recognized as one of the major threats to human
health in the modern times (Pascal et al.. 2013).
According to estimates of the World Health
Organization (WHO, 2016), ninety two percent of
the world’s population lives in areas exposed to air
quality that exceeds WHO standards, leading to
considerable morbidity and mortality.

Today, India occupies the seventh place in
industrialization among the developing countries of
the world and iron and steel industries are one
among the several rapid growing industrial sectors
in India (Alvi et al., 2013). The modern method of
iron extraction is either through blast furnace route
or though sponge route. Steel production through
blast furnace route involves huge investment and
large scale operation (Collins, 2014). Therefore
production of steel through sponge iron or directly
reduced iron (DRI) route is nowadays gaining
importance in India.  India is the largest producer of
sponge iron in the world and 30% of the world’s
sponge iron comes from India (Swar, 2009). Of the
total sponge iron plants in India, about 80% are coal
based (CPCB, 2007) and therefore air pollution due
to these industries  has become a common feature in
the country (CSE, 2011).

In India, Odisha has vast reserves of coal and iron
ore (Ghose and Majee, 2007). Therefore, there are
approximately 115 sponge iron plants operating at
present in Odisha out of which forty-six are in
Sundargarh districts (Patra et al., 2012). Sundargarh
district has become a favorite destination due to its
strategic location, available infrastructure like
railways and highways, existing steel business
network, location-wise equidistant from raw
material source of coal and iron ore. The sponge iron
plants operating in the district of Sundargarh are
mostly installed in four clusters. Establishment of
sponge iron plants in clusters has added the
pollution problem in the area to many folds.

Sponge iron manufacturing process is considered

as resource intensive unit and basically involves in
reduction of iron ore in a rotary kiln, where iron ore
(especially hematite), coal (non-coking) and
dolomite (of very small fraction) are used as raw
materials (CPCB, 2007). The process involved for the
production of sponge iron is the removal of oxygen
from iron ore. During this process, the oxygen exits
from the ore body and create micro-pores which
resemble a honeycomb structure looking spongy in
texture, hence the name sponge iron. Coal plays a
dual role in the process by acting as a reductant as
well as a fuel for providing heat to maintain the
requisite temperature inside the kiln (Swar, 2009).

The sponge iron manufacturing process is
potentially air polluting in nature. Emission of flue
gas from the rotary kiln is the prime source of air
pollution, where particulate matter (i.e. dust) is
predominant pollutant. Besides the above, dust
pollution is generated in fugitive form at various
intermediate stages of the process. As a
consequence, these industries releases particulate
pollutants (like SPM, RPM) and gaseous pollutants
(like  SO2, NO2, O3, CO, VOCs, dioxins, certain toxic
air pollutants, some gaseous forms of metals) to the
atmosphere at thick and large (Sasi, 2013; Pathak,
2020) and pose high burden of diseases in human
beings particularly affecting the respiratory system
and showing acute and chronic symptoms like
dyspnoea, cough, phlegm, wheezing, bronchitis
asthma etc (Pascal et al., 2013; Kumar, 2014;
Chattopadhyay et al., 2015).

For the above reasons, there is a statutory norm
that involves the source reduction of pollutants
emission into the atmosphere by the industries
through adoption of various methods and
installation of different devices. Even so, a periodic
analysis remains an important aspect to understand
the operational defects and get an insight into the
ambient air quality of the area (Tiwari et al., 2016).

Based on the above backdrop, a work was
envisaged to study the ambient air quality in and
around the four sponge iron industrial clusters in
Sundargarh district of Odisha, India through the
measurements of stack emission and gaseous
pollutants inside the sponge iron plants and ambient
air quality around the sponge iron industrial
clusters.

MATERIALS AND METHODS

Study site

The study site is located in the sponge iron industrial
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setup of Sundargarh district in Odisha, India. It
encompasses 46 sponge iron industries. These
industries are situated in 4 clusters namely
Kuarmunda, Kalunga, Rajgangpur and Bonaigarh
having 12, 13, 7 and 12 numbers of industries
respectively. Two industries are however positioned
outside these clusters. The cumulative capacity of
sponge iron production is 2075, 2450, 1500 and 1700
TPD in Kuarmunda, Kalunga, Rajgangpur and
Bonaigarh clusters respectively. The Kuarmunda
cluster is located within the coordinates 220 16’ N
and 840 46’ E, whereas Kalunga Rajgangpur and
Bonaigarh clusters are located within the
coordinates 220 12’ N and 840 44’ E, 220 11’ N and 840

35’ E, and 210 49’ N and 840 57’ E respectively.

Sampling Stations and Sampling Frequency

Air quality assessment was carried out through
stack monitoring inside the five industries in each
industrial cluster. In addition to stack monitoring,
the ambient air quality was analyzed inside these
five industries in each industrial cluster. Besides the
inside plants, the ambient air quality analysis was
also carried out within a radius of 2.0kms around
the four industrial clusters in all directions (East,
West, North and South). The air quality monitoring
stations around the clusters (but outside the plants)
were fixed following the guidelines of Central
Pollution Control Board (CPCB, 2011). The stack as
well as ambient air quality analysis was carried out
every week with a frequency of two samples per
week in three seasons (i.e. during rainy, winter and
summer) during 2010 – 11 for a year.

Analysis of Air Quality Parameters and Air Quality
Index

Stack Monitoring: The stack monitoring was
conducted using the Vayubodhan Stack Sampling
kit for particulate matter and gaseous concentration
in the flue gas under an isokinetic condition after
initial calculation for nozzle size, temperature,
pressure. The thimble was kept in the filter holder
followed by the respective absorbing reagents of
gases in gas holder. The sampling was carried out
for one hour following the insertion of the
assembled sampling train in the pre-identified
sampling duct. After an hour, the thimble was oven
dried and the collected particulate was determined
gravimetrically and expressed in µg/Nm3, whereas
the gaseous concentrations (SO2 and NO2) were
determined spectrophotometrically as per the
standard procedure of Vayubodhan manual and

both the values were expressed in µg/m3

Ambient Air Quality (AAQ): The ambient air
quality inside and outside the plants of industrial
clusters in respect of particulate matter and gaseous
pollutants were carried out using a high volume
sampler for 24 hours (8 hours x 3 no. of samples).
The particulate pollutants (SPM and RPM) were
determined gravimetrically taking the initial and
final weights of the filter papers and beakers
respectively (CPCB, 2001) and the values were
expressed in µg/m3. SO2 and NO2 were determined
by West and Gaeke technique and Modified Jacob
and Hoechhiser method respectively and the values
were expressed in µg/m3.

Air Pollution Index (API): The Air Pollution Index
(API) of the ambient air quality inside and outside
the plants of the four clusters in Sundargarh district
during the period under report was calculated as
per the formula of Ziauddin and Siddiqui (2006)
given below:

Air Pollution Index (API) =  (  +  +

 + ) x 100

Where,
IPM10, IPM2.5, ISO2 and INO2 = Individual values

of PM10, PM2.5, SO2 and NO2 obtained after sampling
and analysis,

SPM10, SPM2.5, SSO2 and SNO2 = Standards as
AAQ as prescribed by CPCB

RESULTS

Ambient air quality of an area is largely dependent
on the wind speed direction since the wind
properties direct the pollutant dispersal. Figure 1 (a
– d) presents the seasonal and annual windrose of
the industrial clusters in Sundargarh district during
2010 – 11. It is clearly visible from the windrose that,
on most occasions the wind blew either from North-
East or the South-West direction. Hence, it was
presumed that the areas located to the opposite
direction (i.e. north and south) were more likely to
be affected due to the pollutant concentration.

Stack Monitoring

The stack monitoring results for various pollutants
inside the plants of four sponge iron industrial
clusters of Sundargarh district during 2010 - 11 have
been presented in Table 1. It is evident from the table
that the values of particulate matter in Kuarmunda
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cluster ranged from 82 – 115 µg/Nm3 in rainy
season, whereas in the winter and summer season, it
ranged from 117 – 162 and 100 – 139 µg/Nm3,
respectively. Similarly, the gaseous pollutants (SO2

and NO2) in this cluster respectively ranged from 58
– 72 and 84 – 91 µg/m3 in the rainy season, 79 – 94
and 99 – 112 µg/m3 in the winter season and 65 – 83
and 91 – 102 µg/m3 in the summer season. However,
irrespective of the seasons, the concentrations of
particulate matter, SO2 and NO2 were found to be
118.27 µg/Nm3, 75.13 µg/m3 and 96.47 µg/m3

respectively (Table 1).
In the Kalunga cluster, the particulate matter, SO2

and NO2 ranged from 90 – 129 µg/Nm3, 62 - 71 µg/
m3 and 82 - 93 µg/m3 in the rainy season
respectively, while that in the winter season, the
same ranged from 122 – 178 µg/Nm3, 78 - 99 µg/m3

and 101 – 119 µg/m3 respectively. The summer

season witnessed the values of particulate matter,
SO2 and NO2 in the range of 105 – 142 µg/Nm3, 71 -
86 µg/m3 and 90 – 109 µg/m3 respectively. The
concentrations of particulate matter, SO2 and NO2,
irrespective of seasons came to be 127.33 µg/Nm3,
79.80 µg/m3 and 100 µg/m3, respectively (Table 1).

In the Rajgangpur cluster, the particulate matter
ranged from 83 - 193 µg/Nm3 in the rainy season,
119 – 265 µg/Nm3 in the winter season and 98 – 223
µg/Nm3 in the summer season. While the SO2

concentration in the same cluster varied from 62 - 71,
88 - 97 and 76 – 83 µg/m3 and NO2 concentration
varied from 80 - 94, 93 - 116 and 83 – 106 µg/m3 in
the rainy, winter and summer seasons respectively.
However, irrespective of the seasons, the
concentrations of particulate matter, SO2 and NO2

were found to be 145.40 µg/Nm3, 79.40 µg/m3 and
96.53 µg/m3, respectively (Table 1).

Fig. 1 (a – d). Seasonal and annual Windrose of Sundargarh district during 2010 - 11

a. Monsoon b. Winter

c. Post-monsoon d. Annual
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The Bonaigarh cluster similarly witnessed the
particulate matter concentration in the range of 71 -
98, 114 - 142 and 100 – 121 µg/Nm3 in rainy, winter
and summer seasons respectively, while that of the

SO2 and NO2 concentrations ranged from 62 - 72 and
80 – 99 µg/m3 in rainy, 79 – 98 and 103 – 124 µg/m3

in winter and 69 – 90 and 95 – 111 µg/m3 in the
summer seasons respectively. However, irrespective

Table 1. Stack monitoring results for various pollutants inside the plants of four sponge iron industrial clusters of
Sundargarh district during 2010 - 11

Seasons PM (µg/Nm3) SO2 (µg/m3) NO2 (µg/m3)
Range Mean ± SD Range Mean ± SD Range Mean ± SD

Kuarmunda
Rainy 82 - 115 99.0 ± 14.64 58 - 72 64.8 ± 5.40 84 - 91 87.6 ± 2.70
Winter 117 - 162 138.4 ± 21.31 79 - 94 86.2 ± 6.38 99 - 112 105.8 ± 5.54
Summer 100 - 139 117.4 ± 17.50 65 - 83 74.4 ± 6.91 91 - 102 96.0 ± 4.0
Average 82 - 162 118.27 ± 19.71 58 – 94 75.13 ± 10.72 84 - 112 96.47 ± 9.11

Kalunga
Rainy 90 - 129 107.6 ± 15.47 62 - 71 67.0 ± 3.67 83 - 93 89.4 ± 4.62
Winter 122 - 178 148.8 ± 21.44 78 - 99 92.6 ± 8.73 101 -119 111.6 ± 7.44
Summer 105 - 142 125.6 ± 14.17 71 - 86 79.8 ± 5.50 90 - 109 99.0 ± 8.15
Average 90 - 178 127.33 ± 20.65 62 - 99 79.80 ± 12.80 83 - 119 100.00 ± 11.13

Rajgangpur
Rainy 83 - 193 122.6 ± 52.45 62 - 71 65.8 ± 3.35 80 - 94 86.8 ± 5.89
Winter 119 - 265 169.6 ± 62.78 88 - 97 92.8 ± 3.42 93 - 116 105.4 ± 9.07
Summer 98 - 223 144.0 ± 56.95 76 - 83 79.6 ± 3.05 83 - 106 97.4 ± 10.11
Average 83 - 265 145.40 ± 23.53 62 - 97 79.40 ± 13.50 80 - 116 96.53 ± 9.33

Bonaigarh
Rainy 71 - 98 85.2 ± 9.73 62 - 72 66.8 ± 3.56 80 - 99 92.2 ± 7.60
Winter 114 - 142 126.8 ± 12.07 79 - 98 88.2 ± 6.98 103 - 124 111.6 ± 8.17
Summer 100 - 121 106.2 ± 8.47 69 - 90 77.6 ± 8.62 95 - 111 102.2 ± 5.72
Average 71 - 142 106.07 ± 20.80 62 - 98 77.53 ± 10.70 80 - 124 102.00 ± 9.70

Table 2. AAQ results of various air pollutants inside the plants of different industrial clusters of Sundargarh district
during 2010 -11 (all values are presented in µg/m3)

Seasons SPM RPM SO2 NO2

Range Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD

Kuarmunda
Rainy 806 - 1121 993.4 ± 123.20 287 - 396 329.2 ± 41.48 55 - 63 59.0 ± 3.39 73 - 81 77.2 ± 3.56
Winter 867 - 1352 1141.4 ± 186.84 297 - 409 346.8 ± 44.49 59 - 71 64.4 ± 4.77 72 - 83 79.2 ± 4.55
Summer 814 - 1192 1046.0 ± 153.19 291 - 461 364.4 ± 61.12 54 - 69 62.4 ± 5.55 69 - 85 80.6 ± 6.58
Average 806 - 1352 1060.27 ± 75.62 287 - 461 346.80 ± 17.60 54 - 71 61.93 ± 2.73 69 - 85 79.00 ± 1.71

Kalunga
Rainy 654 - 1035 921.4 ± 151.9 245 - 354 310.0 ± 39.84 56 - 67 61.2 ± 5.36 70 - 89 80.2 ± 7.05
Winter 764 - 1467 1130.8 ± 249.51 301 - 425 370.2 ± 52.46 61 - 73 66.2 ± 4.38 75 - 91 85.0 ± 6.44
Summer 693 - 1198 1016.2 ± 189.86 298 - 376 345.8 ± 33.04 54 - 71 64.0 ± 6.44 69 -93 82.8 ± 9.18
Average 654 – 1467 1022.80 ± 104.86 245 – 425 342.00 ± 30.28 54 – 73 63.80 ± 2.51 69 - 93 82.67 ± 2.40

Rajgangpur
Rainy 605 - 987 824.6 ± 139.92 176 - 305 265.2 ± 53.89 31 - 57 47.6 ± 9.94 46 - 73 66.4 ± 11.44
Winter 688 - 1162 959.6 ± 172.05 212 - 354 299.2 ± 52.64 41 - 60 52.6 ± 7.23 53 - 83 72.2 ± 11.43
Summer 672 - 1092 889.2 ± 149.25 201 - 341 288.8 ± 53.78 38 - 63 52.4 ± 9.45 55 - 78 71.2 ± 9.42
Average 605 – 1162 891.13 ± 67.52 176 – 354 284.40 ± 17.42 31 – 63 50.81 ± 2.83 46 - 83 69.93 ± 3.10

Bonaigarh
Rainy 591 - 1154 840.2 ± 237.07 179 - 415 290.6 ± 109.87 34 - 65 48.0 ± 15.18 51 - 89 67.6 ± 18.89
Winter 774 - 1551 1149.4 ± 365.41 215 - 513 353.2 ± 146.38 40 - 75 54.0 ± 18.28 63 - 83 71.8 ± 9.20
Summer 715 - 1083 915.6 ± 167.66 214 - 451 328.2 ± 111.35 41 - 69 52.6 ± 14.10 52 - 83 68.8 ± 12.72
Average 591 - 1551 1149.40 ± 365.41 179 – 513 353.20 ± 146.38 34 – 75 54.00 ± 18.28 51 - 89 71.80 ± 9.20
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90 of the seasons, the concentrations of
particulate matter, SO2 and NO2 were
found to be 106.07 µg/Nm3, 77.53 µg/m3

and 102 µg/m3, respectively (Table 1).

AAQ inside the Plant

The ambient air quality inside the plants
of four clusters has been studied and the
data is presented in Table 2. It is evident
from the table that the concentration of all
the pollutants was higher in the winter
season followed by the summer season
and rainy season on most occasions. The
concentration of particulate matters (SPM
and RPM) in the Kuarmunda cluster was
found to be in the range of 806 - 1121 and
287 - 396 µg/m3 in the rainy season, while
the concentrations of the same during the
winter season was 867 - 1352 and 297 -
409 µg/m3 and during the summer
season was 814 - 1192 and 291 - 461 µg/
m3. Similarly, the concentrations of the
gaseous pollutants (SO2 and NO2) were
found to be in the range of 55 - 63 and 73
- 81 µg/m3 during the rainy season, 59 -
71 and 72 - 83 µg/m3 during the winter
season and 54 - 69 and 69 - 85 µg/m3

during the summer season. Irrespective
of seasons, the concentrations of SPM,
RPM, SO2 and NO2 were found to be
1060.27, 346.80, 61.93 and 79 µg/m3

respectively (Table 2).
The concentration of particulate

matters (SPM and RPM) in the Kalunga
cluster was found to be in the range of
654 - 1035 and 245 - 354 µg/m3 in the
rainy season, 764 - 1467 and 301 - 425 µg/
m3 in the winter season, and 693 - 1198
and 298 - 376 µg/m3 in the summer
season. Similarly, the concentration of
gaseous pollutants (SO2 and NO2) was
found to be in the range of 56 - 67 and 70
- 89 µg/m3 during the rainy season, 61 -
73 and 75 - 91 µg/m3 during the winter
season, and 54 - 71 and 69 - 93 µg/
m3during the summer season.
Irrespective of seasons, the concentrations
of SPM, RPM, SO2 and NO2 were found to
be 1022.80, 342, 63.80 and 82.67 µg/m3

respectively (Table 2).
Similarly, the Rajgangpur cluster

witnessed a particulate concentration
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(SPM and RPM) ranging from 605 - 987
and 176 - 305 µg/m3 during the rainy
season, 688 - 1162 and 212 - 354 µg/m3

during the winter season and 672 - 1092
and 201 - 341 µg/m3 during the summer
season respectively. The gaseous
pollutants (SO2 and NO2) in the same
cluster varied from 31 - 57 and 46 - 73 µg/
m3 during the rainy, 41 - 60 and 53 - 83 µg/
m3 during the winter and 38 - 63 and 55 -
78 µg/m3 during the summer season
respectively. Irrespective of seasons, the
concentrations of SPM, RPM, SO2 and NO2

were found to be 891.13, 284.4, 50.81 and
69.93 µg/m3 respectively (Table 2).

The Bonaigarh cluster on the other
hand, experienced a pollutant
concentration (SPM and RPM) ranging
from 591 - 1154 and 179 - 415 µg/m3 in the
rainy season, 774 - 1551 and 215 - 513 in
the winter season and 715 - 1083 and 214 -
451 µg/m3 in the summer season
respectively. While that of the gaseous
pollutants (SO2 and NO2) ranged from 34 -
65 and 51 - 89 µg/m3 in the rainy season,
40 - 75 and 63 - 83 µg/m3 in the winter
season and 41 - 69 and 52 - 83 µg/m3 in
the summer season respectively.
Irrespective of seasons, the concentrations
of SPM, RPM, SO2 and NO2 were found to
be 1149.40, 353.2, 54 and 71.80 µg/m3

respectively (Table 2).

AAQ outside the Plant

The ambient air quality in the four
clusters, but outside the plant premises
were studied in four directions and the
data is presented in Table 3 for SPM, in
Table for RPM, in Table 5 for SO2 and in
Table 6 for NO2.

From the Table 3 it is evident that,
irrespective of directions  the SPM
concentration ranged from 310.14 - 524.35
µg/m3 during the rainy season in the
Kuarmunda cluster, while that of the SPM
concentration in the same cluster during
the winter and summer seasons ranged
from 402.15 - 643.56 µg/m3 and 412.23 -
578.16 µg/m3, respectively. Similarly, in
the Kalunga cluster, the SPM ranged from
307.22 - 480.98 µg/m3 during the rainy,
362.11 - 532.17 µg/m3 during the winterTa
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and 300.22 - 476.33 µg/m3 during the
summer seasons. The Rajgangpur cluster
on the other hand witnessed a SPM
concentration in the range of 254.22 -
387.23 µg/m3 during rainy, 270.18 -
428.74 µg/m3 during winter and 243.21 -
392.02 µg/m3 during summer seasons
respectively. Also, the Bonaigarh cluster
had a SPM concentration in between
220.12 and 357.27 µg/m3 during the
rainy, 239.43 and 406.22 µg/m3 during
the winter and 295.13 and 400.23 µg/m3

during the summer seasons respectively.
The average value of SPM irrespective of
seasons and directions however ranged
from 441.24 – 530.64, 394.57 – 431.41,
314.43 – 341.44 and 309.10 – 336.55 µg/
m3 in Kuarmunda, Kalunga, Rajgangpur
and Bonaigarh clusters respectively
(Table 3).

The RPM concentration in the
Kuarmunda cluster was found to be in
the range of 112.03 - 160.17 µg/m3during
the rainy season irrespective of
directions. Likewise, the winter and
summer seasons witnessed the RPM
concentration in the range of 148.67 -
192.13 µg/m3 and 137.41 - 179.22 µg/m3

respectively in the same cluster. Similarly,
the Kalunga, Rajgangpur and Bonaigarh
clusters had a RPM concentration in the
range of 105.23 - 156.23, 101.23 - 153.82
and 100.43 -150.56 µg/m3 during the
rainy season, 140.76 - 185.32, 132.55 -
171.46 and 122.11 - 165.24 µg/m3 during
the winter season and 137.81 - 174.81,
122.11 - 165.24 and 120.07 - 158.22 µg/m3

during the summer season respectively.
The average value of RPM, irrespective
or seasons and directions, ranged from
145.77 – 165.80, 138.84 – 161.58, 129.90 –
152.80 and 127.95 – 149.33 µg/m3 in
Kuarmunda, Kalunga, Rajgangpur and
Bonaigarh clusters respectively (Table 4).

Similarly, the SO2 concentration in the
Kuarmunda cluster irrespective of
directions varied from 10.12 - 20.87 µg/
m3during the rainy season, 18.79 - 32.41
µg/m3 during the winter season and
14.19 - 27.41 µg/m3 during the summer
season. Similarly, the Kalunga,
Rajgangpur and Bonaigarh clusters wereTa
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found to have SO2 in the range of 14.02 -
18.18, 14.78 - 16.43 and  14.02 - 16.29 µg/
m3  during the rainy season, 17.16 - 21.67,
15.47 - 19.26 and  16.16 - 18.87 µg/m3

during the winter season and 15.12 -
18.99, 15.01 - 17.88 and  14.86 17.27 µg/m3

during the summer season respectively.
The average value of SO2, , irrespective or
seasons and directions, ranged from 17.66
– 21.39, 16.69 – 17.98, 16.25 – 17.27 and
15.48 – 17.04 µg/m3 in Kuarmunda,
Kalunga, Rajgangpur and Bonaigarh
clusters respectively (Table 5).

The NO2 concentration in the
Kuarmunda cluster ranged from 38.26 -
45.63 µg/m3during the rainy season
irrespective of directions. Likewise, in the
same cluster during winter and summer
seasons the NO2 concentration ranged
from 47.56 - 52.98 and 42.98 - 50.96 µg/m3

respectively. Correspondingly, the
Kalunga, Rajgangpur and Bonaigarh
clusters were found to have NO2 in the
range of 37.65 - 43.35, 32.11 - 42.24 and
35.88 - 41.78 µg/m3 during the rainy
season, 42.91 - 50.96, 41.36 - 49.36 and
40.97 - 47.34 µg/m3 during the winter
season and 40.17 - 47.63, 39.02 - 43.63 and
38.31 - 43.06 µg/m3 during the summer
season respectively. The average value of
NO2, irrespective or seasons and
directions, ranged from 44.48 – 49.12,
41.20 – 46.67, 38.46 – 44.41 and 38.53 –
43.48 µg/m3 in Kuarmunda, Kalunga,
Rajgangpur and Bonaigarh clusters
respectively (Table 6).

Comparison of stack emission and
ambient air quality parameters with
standards

Table 7 shows a comparison between the
average values of various air quality
parameters against the permissible
standard of stack emissions, whereas the
comparison of ambient air quality against
their respective standards inside and
outside the plants are shown in Tables 8
and 9. It is evident from the tables that all
the industrial clusters have exceeded the
permissible limit with respect to the
particulate matter and NO2 emission from
the stacks, while SO2 was marginallyTa
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Table 7. Comparison of the stack monitoring results of various clusters with the permissible standards (CPCB, 2009)

PM(µg/Nm3) SO2(µg/m3) NO2(µg/m3)
Clusters Mean ± SD Standard Mean ± SD Standard Mean ± SD Standard

Kuarmunda 118.27 ± 23.58 100 75.13 ± 10.76 80 96.47 ± 8.64 80
Kalunga 127.33 ± 23.70 79.80 ± 12.30 100.00 ± 11.38
Rajgangpur 145.40 ± 56.87 79.40 ± 11.81 96.53 ± 11.17
Bonaigarh 106.07 ± 19.96 77.53 ± 10.98 102.00 ± 10.59

under the permissible standards and is very likely to
exceed the permissible limit in near future if no
management strategy is implemented. Similarly, the
ambient air quality tested in respect of particulate
pollutants (SPM and RPM) inside and outside the
plants in all the clusters were found to be exceeded
their respective standards, but the gaseous
pollutants (SO2 and NO2) were within their
respective standards, both inside and outside the
plant premises (except NO2 in Kalunga cluster).

API of the AAQ inside and outside the plants

Table 10 provides the data of the Air Pollution Index
(API) of the ambient air quality inside the plants of
the four clusters in Sundargarh district during 2010
– 11, while that of the same index for the four
clusters outside the plants have been presented in
Table 11. It is evident from the tables that, in general
the ambient air quality in all the clusters both inside
and outside the plants suffered from Severe Air
Pollution (SAP) condition. The API values inside the
plants ranged from 180.13 – 196.39 with an average
value of 189.32 in Kuarmunda cluster, while that in
the Kalunga cluster, it ranged from 172.76 – 202.90
with an average value of 188.05. Similarly, the API
value in the Rajgangpur and Bonaigarh clusters
ranged from 148.14 – 167.97 and 155.01 – 192.72
with an average value of 158.89 and 172.54
respectively.

The API values outside the plants during the
study period in Kuarmunda and Kalunga clusters
ranged from 157.05 – 196.75 and 150.72 – 175.11 with
an average value of 178.51 and 161.49 respectively.
Similarly, the Rajgangpur and Bonaigarh clusters
witnessed an API value in the range of 132.66 –
150.20 and 128.65 – 145.45 with an average value of
141.15 and 139.04, respectively.

DISCUSSION

The particulate matters (SPM and RPM) finds an
entry into the industrial environment through many
sources that involves ore crushing and handling,
operational process, coal burning in power plants,

vehicular movements, construction activities etc.
(Ghose and Majee, 2007; Schembari et al., 2012).
These particulates need to be trapped not only
through machineries and equipments (like
electrostatic precipitator, bag filters etc) attached to
the various operational units, but also be trapped by
natural means through plantation or green belt
development (Das and Prasad, 2012; Sahu et al.,
2020, 2021). On most occasions, a periodical
monitoring is helpful for proper control of these
pollutants (Mishra et al., 2016; Sahu and Sahu, 2019).
The fact that our results’ showing high values of
these particulate pollutants in all the clusters from
the stack, inside and outside the plant premises
revealed that all the plants have a huge scope of
improvement in the efficiency of the controlling
devices attached to different operational units. It is
also suggested that there might be a cumulative
effect of the industries in a particular cluster and the
concentration of the particulate pollutants might
have direct relation with the number and capacity of
the operating plants in that cluster. This can be
marked through the fact that Kuarmunda and
Kalunga clusters were found to have the highest
concentration of particulates as compared to the
other two clusters in their ambient air. Since, in all of
the reported cases, the particulate matter
concentration was well above the permissible limit,
it can be deduced that the cluster areas need
immediate attention and ameliorating techniques
have to be implemented in order to avoid any
catastrophic situation.

The gaseous pollutants (SO2 and NO2) find an
entry into the industrial air, mainly through the
burning of coal in power plants, vehicular
movements and industrial process (Calori et al.,
2001). The results of the stack monitoring suggest
that coal based power plants have emitted large
volumes of the particulate and gaseous pollutants
and hence their emissions had exceeded the
permissible limit or were nearing that limit. These
needs to be checked through implementation of
corrective measures in the stack release. The ambient
air quality analysis inside and outside plants in all
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clusters, no doubt showed that the gaseous pollutant
values are well within the permissible limit, but
within the plant premises, these gaseous pollutants
were on the higher side as compared to the ambient
air outside the plants. This might be due to the
dilution effect of air driven by temperature related
phenomenon (Hogrefe et al., 2006). Similar results
have been reported by Shafii et al. (2017) in a work at
Klang, Selangor – an industrial belt in Malayasia.

The seasonal and weather impact responsible for
the pollutants accumulation cannot be ruled out in
the industrial clusters. This was marked from the
fact that the monsoon witnessed the least particulate
and gaseous concentration which could be due to
the suppression by rain. The wind direction as
described by the windrose diagram earlier might be
the possible reason for the greater accumulation of
pollutants in the north and south directions. Further,
the seasonal fluctuation of the pollutants
concentration may be attributed to the air
temperature causing dispersal of pollutants (Prati et
al., 2015).

Further, the Tables 10 and 11 reveal that, the
highest value for API both inside and outside the
plants was witnessed during winter season while
the lowest value was found during the rainy season.
The SAP (Severe Air Pollution) condition of the
ambient air quality could be primarily attributed to
the particulate matter (SPM and RPM) both inside
and outside the plants which was found to be
exceeding the prescribed standard value (500 and
360 µg/m3, respectively). The rainy season witnesses
a lower concentration of particulate matter owing to
the suppression by rain leading to low API value
while the winter witnesses foggy and dewy
condition leading to high particulate condition
resulting in high API value. Since, the API values
indicate severe air pollution condition, it may lead to
serious health hazards and hence an
implementation of a corrective measure is the need
of the hour. The present findings of high API in the
industrial area, mainly attributed to the particulate
matters, is consistent with the previous results
reported by Panda and Panda (2012) and Prakash et
al. (2017) in similar industrial areas.

CONCLUSION

Industries have a massive impact on the ambient air
quality of an area. The present study revealed that
the cumulative impacts of all the sponge iron plants
in the industrial clusters of Sundargarh district haveTa
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Table 10. Air Pollution Index (API) of various clusters (inside the plants) of Sundargarh district in different seasons during
2010-11. All values presented (except API) are in µg/m3

SPM RPM SO2 NO2 API Category

Kuarmunda
Rainy 993.4 329.2 59.0 77.2 180.13 SAP
Winter 1141.4 346.8 64.4 79.2 196.39 SAP
Summer 1046.0 364.4 62.4 80.6 193.24 SAP
Average 1060.3 346.8 61.9 79.0 189.92 SAP

Kalunga
Rainy 921.4 310.0 61.2 80.2 172.76 SAP
Winter 1130.8 370.2 66.2 85.0 202.90 SAP
Summer 1016.2 345.8 64.0 82.8 188.49 SAP
Average 1022.8 342.0 63.8 82.7 188.05 SAP

Rajgangpur
Rainy 824.6 265.2 47.6 66.4 148.14 SAP
Winter 959.6 299.2 52.6 72.2 167.97 SAP
Summer 889.2 288.8 52.4 71.2 160.54 SAP
Average 891.2 284.4 50.9 69.9 158.89 SAP

Bonaigarh
Rainy 840.2 290.6 48.0 67.6 155.01 SAP
Winter 1149.4 353.2 54.0 71.8 192.72 SAP
Summer 915.6 328.2 52.6 68.8 169.90 SAP
Average 968.4 324.0 51.5 69.4 172.54 SAP

SAP = Severe Air Pollution

Table 9. Comparison of the AAQ results (all the units are in µg/m3) of various clusters (outside the plants) with the permissible
National Ambient Air Quality standard (CPCB, 2009)

SPM RPM SO2 NO2

Clusters Mean ± SD Permissible Mean ± SD Permissible Mean ± SD Permissible Mean ± SD Permissible
Standard  Standard  Standard Standard

Kuarmunda 481.19 ± 71.80 140 155.58 ± 19.21 60 19.40 ± 5.19 60 47.22 ± 3.69 60
Kalunga 412.16 ± 54.30 149.78 ± 17.49 17.35 ± 2.01 43.80 ± 3.38
Rajgangpur 325.65 ± 43.45 141.03 ± 14.35 16.50 ± 1.14 41.67 ± 3.66
Bonaigarh 322.77 ± 43.70 138.31 ± 13.17 16.28 ± 1.10 40.76 ± 2.78

Table 11. Air Pollution Index (API) of various clusters (outside the plants) of Sundargarh district in different seasons during
2010 -11. All values presented (except API) are in µg/m3

SPM RPM SO2 NO2 API Category

Kuarmunda
Rainy 425.05 137.07 14.39 43.29 157.05 SAP
Winter 527.94 171.98 23.30 50.65 196.75 SAP
Summer 490.58 157.69 20.51 47.74 181.74 SAP
Average 481.19 155.58 19.40 47.22 178.51 SAP

Kalunga
Rainy 401.86 133.23 15.61 40.67 150.72 SAP
Winter 446.73 162.51 19.39 46.91 175.11 SAP
Summer 387.91 153.59 17.07 43.82 158.64 SAP
Average 412.16 149.78 17.35 43.80 161.49 SAP

Rajgangpur
Rainy 314.06 129.74 15.45 38.59 132.66 SAP
Winter 347.86 148.88 17.49 45.03 150.20 SAP
Summer 315.04 144.48 16.57 41.38 140.60 SAP
Average 325.65 141.03 16.50 41.67 141.15 SAP

Bonaigarh
Rainy 295.71 128.12 15.25 38.66 128.65 SAP
Winter 333.39 145.55 17.29 43.36 145.45 SAP
Summer 339.20 141.27 16.29 40.28 143.01 SAP
Average 322.77 138.31 16.28 40.76 139.04 SAP

SAP = Severe Air Pollution
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depleted the ambient air quality of the area with
respect to particulate pollution. The gaseous
pollutants were also main concern, but they are in
the near margin with respect to the prescribed
permissible standard. Hence, an immediate source
correction employing the implementation of
management strategies and enhancement of the
performance efficiency of the controlling devices is
urgently required. Besides the source correction,
massive green belt development in and around the
industries and their clusters will also be quite
helpful for scrubbing the pollutants from the
surrounding atmosphere.
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