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ABSTRACT

Industrialization is essential to meet up upcoming demands of the evolution. All the
industrial activity releases some amount of by-products as pollution into the environment.
Iron and steel industry is one of the major heavy industries of Chhattisgarh and
considered as resource intensive and pollution prone and added pollution to air, water
resources, precious land. In central India many of the integrated iron and steel industry is

highly polluting, non-compliant and resource-inefficient. The aim of the present review is
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to understand and get aware with the pollution, mainly (i) stack emission as air pollution,
and (ii) heavy metal leaching from piled iron and steel slag, by steel plants in
Chhattisgarh, central India region.
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Introduction

The world crude steel production in the year 2014 reached
1661.5 million tonnes and shows an increase of 1.2% over
2013 steel manufacturing (WSA, 2016). World’s largest crude
steel producer in 2014 (823 MT) was the China and is
followed by Japan (110.7 MT), the USA (88.3 MT) and India
(83.2 MT) secured the fourth major crude steel manufacturing
country of steel (http://steel.gov.in/overview.htm - accessed on
8 August 2016). In 2013-14, Indian steel production for sale of
total finished steel consisting of alloy and non alloy was 87.67
MT and 65.197 MT respectively, during April-December
2014-15  (provisional)  (Ministry —of  Steel, India,
http://steel.gov.in/overview.htm - accessed on 02 July 2015).

In India, iron and steel industries are, among the 17 most
polluting industrial sectors, identified by the Central Pollution
Control Board (CPCB). Air emissions from Iron and steel
industries is an important source of pollution (Liu et al., 2013;
Rai et al., 2011), during all its processes —handling of raw
materials, producing iron and steel or disposing of solid waste
(downtoearth.org.in). The production of 1 tonne of iron
requires 1.4 tonnes of raw iron ore materials; 0.5 to 0.65
tonnes of coke as fuel; 0.25 tonnes of limestone or dolomite;
and 1.8 to 2 tonnes of air
(https://www3.epa.gov/ttnchiel/ap42/ch12/final/c12s05.pdf -
accessed on 5 August 2016) and resulted in 1.0 tonnes of iron,
0.6 tonnes of slag, 0.1 tonnes of flue dust and 5.1 tonnes of
blast-furnace gas (Wesley and Hemeon, 1957). The recovery
and use of steel industry by-products universally has
contributed to a material effectiveness rate of 96% (World
Steel, 2014). The main by-products produced during iron and
crude steel manufacturing are slag (90% by mass), dust and
sludge (WSA, 2016). Presently, Indian steel industries
generate industrial solid waste, in the range of 450 - 550
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kg/tonnes of crude steel production
(http://www.meconlimited.co.in — accessed on 15 July 2016).
The fundamental types of industrial pollution are air, land,
soil, water, and noise pollution (http://www.mse.ac.in
/ManagingEnvironment/discussion.pdf - accessed on 30 June
2015) and this sector also causes considerable effects of
environmental  medium - air, soil and  water
(http://www.eolss.net/sample-chapters/c09/e4-14-04-04.pdf -
accessed on 07 August 2016).
The central India scenario

A pollution problem from iron and steel industries does
not seem in Chhattisgarh, merely as particulate matter, but
poses problems even for water sources too (Das, 2014).
Raipur, Bilaspur, Korba and Durg-Bhilai Region are major
industrial regions in the state
(http://industries.cg.gov.in/Industrial_Regions.aspx - accessed
on 05 August 2016). There are more than a hundred steel
rolling mills, sponge iron plants and Ferro-alloy units all of
which are efficient to supply world-class output and Bhilai,
Urla, Korba, Raigarh, Durg, Siltara and Bilaspur are the major
industrial regions as the steel hub of the state (Kesari and
Verma, 2015). Raipur is one of the fasted growing and richest
cities amongst major industrially developed cities and India’s
biggest iron market as in the district about two hundred steel
rolling mills, five hundred agro-industries and more than forty
seven sponge iron plants are located
(http://cpcb.nic.in/SPMCharacterization.pdf - accessed on 15
July 2016). The industrial area Silatara in Raipur and Raigarh
are a hub of sponge iron industries, and has witnessed most of
the pollution load in ambient air (A — Report, CPCB, Bhopal,
2011). There are twenty four sponge iron plants, in and around
Raigarh, producing approximately 12,360 TPD of sponge iron
and M/s Jindal Steel and Power Limited (JSPL), world's
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leading sponge iron, in addition to steel plant is too
located nearby (http://cpch.nic.in/fSPMCharacterization.pdf -
accessed on 15 July 2016). The Bhilai steel plant generates
around 2.1 million tonnes of slag every year, of which 81 per
cent is blast furnace air-cooled and granulated slag (DTE - 1).
This review paper discusses the impacts of emission and slag
pollutions on air, water and soil by the iron and steel industry
in the study area.
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Figure 1. Major Industrial Regions of Chhattisgarh
(CSIDC).

Iron and steel industry pollution

Steel and iron production is a part of rapid development,
has annoyed ecological problems with a huge amount of
wastes and its management consequences (Viswanathan and
Gangadharan, 1996). The iron and steel industries are the
highest in energy and natural resources consumption, leads to
huge amounts of air pollutants such as SO,, NOy, PM, VOC,
and PCDD/Fs and thus resulting in considerable local and
worldwide environmental problems
(http://eprints.nmlindia.org/4219/1/168-181-_A_K_Vaish.PDF
- accessed on 10 August 2016; Wu et al., 2015). Concern of
steel sector in the direction of air and water pollution was
noticeably high, and their present methods of solid waste
management scenario are abysmally poor
(downtoearth.org.in). Also, for every tonne of steel
production, on an average, the industry has dumped half a
tonne of its solid wastes generated, thus, slag disposal is a
most important environmental concern with steel making
industries (downtoearth.org.in). The utilization of steel slag as
a by-product to another concern industries are cost-effective,
sustainable for the whole environment and also it generates
revenue for steel manufacturers and forms the foundation of a
cost-effective worldwide industry (WSA, 2016). Threats
caused by iron and steel industries are due to various forms of
wastes generated — solid, liquid and gas (Sasi, 2013). In the
21st century, globally, climate change due to emissions of CO,
is an important challenge for the iron and steel industries
(https://www.worldsteel.org — accessed on 9 August 2016).
According to resource consumption and pollution emission,
iron industries are one of the biggest industries in India
(Ahmad et al., 2015). Steel plant operations are bare to
atmospheric pollution in the form of air, water, soil and noise
pollution (Viswanathan and Gangadharan, 1996). During the
steel manufacturing process a large amount of emissions
release as output, like NOx, SOs, dioxins and other heavy
metals as pollutants introduces into the environment (Dai et
al.,, 2015; http://cpcb.nic.in/fSPMCharacterization.pdf -
accessed on 15 July 2016; Viswanathan and Gangadharan,
1996). The major harmful metals of concern for India in terms
of their environmental load and health effects are Pb, Hg, Cr,
Cd, Cu and Al (A Position Paper, 2011).
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Air Pollution

Iron and steel industries are an important source of air
pollution emissions (Liu et al., 2013). Major pollutants of
ambient air quality are Sulphur Dioxide (SO,), Nitrogen
Dioxide (NO,), carbon monoxide (CO) and Particulate Matter
(PM) (Chen et al., 2015). The combination of Carbon dioxide
(CO,) and methane (CH,;) headed for the greenhouse gas
emission inventory in India
(http://www.mse.ac.in/ManagingEnvironment/discussion.pdf -
accessed on 30 June 2015). Particulate matters can
significantly affect people’s living environment in terms of air
quality and visibility are composed of diverse chemical
constituents (Seinfield and Pandis, 2006; Zhang et al., 2013).
PM10 is the denotation for particles having an aerodynamic
diameter less than or equal to 10 pum, comprising of road dust,
smoke and pollen, whereas PM2.5 is for aerodynamic
diameter less than or equal to 2.5 um. PM2.5 has a greater
tendency to be related to respiratory diseases than PM10
(Chen et al., 2015). The effect of air pollutants depends not
only upon their concentration, but on the duration of exposure
and composition of air pollutants too (Rai et al., 2011). The
ability of particulate matter to create undesirable health effects
in human depends on its deposition in the respiratory zone.
The deposition rate depends on particle size, shape, and
density of particulate matter. The size and aerodynamic are the
most important characteristics that influencing the deposition
of particles in the respiratory system (A — Report, CPCB,
Bhopal, 2011). Iron and steel industry is an important source
of air pollution emissions (Liu et al., 2013). Air pollutants
from iron- and steel-making operation have traditionally been
considered as an environmental and health hazard and consist
of gaseous substances such as SO,, NO,, and CO (Rafiei et al.,
2009). Polycyclic Aromatic Hydrocarbons (PAHSs) are one of
the emission pollutants that have turned into an important
environmental concern during the past decades, for the reason
that of their persistence, bioaccumulation and toxicity in the
surroundings. It was also observed that the Several PAHSs also
exhibit mutagenic and/or carcinogenic properties (Netto et al.,
2007). A major source of Polycyclic Aromatic Hydrocarbons
(PAHs) was identified as iron-steel plants and due to the
presence of coke ovens; PAH emissions of the integrated iron
and steel plants are even higher (Zhao et al., 2006). Electric
Arc Furnace (EAF) has been reported as one of the major
polychlorinated  dibenzo-p-dioxins and  dibenzofurans
(PCDDs/Fs) emission sources of air pollutants (Lee et al.,
2004). Jointly with sinter plants (Wang et al., 2003), they
contribute 99% of the aggregate PCDD/F health risk to nearby
population in thickly populated areas of a city in southern
Taiwan (Kao et al., 2007).

Figure 2. Alarming levels of air emissions were observed in
Bhilai Steel Plant in 2011 (CSE WEBNET).
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Figure 3. Risk appraisal study: Sponge iron plants,
Raigarh District
(http://www.peasantautonomy.org/chhattisgarh-raigarh-
sponge-iron-risk.pdf - accessed on 01 August 2016)

The emissions consequential from iron and steel plants
have a straight impact on the environment and human health.
The climate change, occurrence of the phenomenon of global
warming, melting, ocean ice and increasing the amount of
exposure to chronic diseases, etc. was associated with
industrial emissions (Sasi, 2013). Gaseous air pollutants such
as oxides of nitrogen, sulphur and troposphere ozone (Os) etc.
generates severe risk to human health and the environment due
to their unfavorable effects (Dey et al., 2014). Emission
monitoring exposed at Isdemir, the second biggest integrated
iron and steel plant of Turkey, as the biggest cause of NOy
emissions with 6490 tonnes per year, followed by the entire
steel industries in the region with 804 tonnes per year of NO.
Generally, industries are the initial sources that are
accountable for the pollution (Atimtay and Chaudhary, 2005).
Emissions from iron production processes include a variety of
air pollutants and have remained a great concern (Brook et al.,
2004; Pope and Dockery, 2006; Tai et al., 2010; Zhang et al.,
2010). Electric Arc Furnace (EAF) contributed the emission of
pollutants at all the stage of steel making (ACMA, 1999).
PM2.5 and PM2.5-10 fractions of the particulate matter are
the pollutants of principal concern (Rickun, 1993) generated at
every stage of the steel and iron production processes. It has
been confirmed from many studies, that dust emission is an
important source of ambient air particulate matter from iron
and steel production (Dai et al., 2015). The wide range of
pollutants associated with the production process, need to
quantify with their potential impacts on the ambient air
concentrations of the pollutants and human health (Brunekreef
and Forsberg, 2005; Dockery, 1993; Katsouyanni, 2005;
Owoade et al., 2015). Heavy metals such as As, Cd and Cr,
even at trace amounts, are toxic and has been reported to be
constituents of particulate matter associated with iron and steel
production (Cohen et al., 2004). The production of steel
accounts for approximately contributes around 6 % - 7% of
total anthropogenic emission of CO, (Ahmad and Patel, 2012;
Alvi et al., 2013).

New Delhi, May 8, 2014: It Was reconfirms by the World
Health Organization (WHO), and the latest urban air quality
database released that most Indian cities are becoming death
traps for the reason that of very high air pollution levels. India
appears among the group of countries with maximum
particulate matter (PM) levels and also, its cities have the
maximum levels of PM10 and PM2.5 when evaluate with
other cities (cseindia.org).
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Raipur, Oct 28 (IANS), notices issued by the Chhattisgarh
Environment Conservation Board (CECB) to fifteen steel
production units in the Chhattisgarh state for defying pollution
control norms. These small size industries are located at Urla,
Siltara and Borjhara industrial areas on the periphery of
Raipur, have not followed and utilized pollution control
measures neither using electro-static precipitator (ESP) — an
air pollution control device — during night period of
operations. As per government officials, about 145 industrial
units in this industrial area are very close to Raipur is not with
pollution control equipment. Near Raipur, Urla, Siltara and
Borjhara areas are located in close proximity to the National
Highway (NH) 200 on the Raipur-Bilaspur road is home to
forty three sponge iron plants, about a hundred rolling mills
and a few ferro-alloy units. Experts declare so as to about one
million people from Raipur city and its forty neighboring
villages were suffering from severe respiratory diseases and
skin cancer due to direct exposure to polluted air, water and
dust-mixed grain and vegetables due to the presence of dense
industrial activities (Thaindian News, 10/28/2009). According
to a study the students of a government school near Godawari
Power and Ispat Limited (GPIL) in Raipur are heavily affected
by dust emissions from plants. The plant dumps a mixture of
sponge iron and char with height for separation and making
dust airborne (downtoearth.org.in). Considerable air pollution
from stacks and emissions from solid waste dumps, are the
two types of pollutants noticeable from sponge iron plants in
Raigarh district.
(http://www.peasantautonomy.org/chhattisgarh-raigarh-
sponge-iron-risk.pdf - accessed on 01 August 2016).

Heavy metals released from the sponge iron plants, are
highly toxic, to the atmosphere during handling of iron ore and
from the stacks of steel plants, some of them—chromium (as
Cr*®), cadmium, nickel, are human carcinogens, Iron along
with other carcinogenic heavy metals tends to increase
prevailing cancer risk, although the toxic effects of heavy
metals are varied and may often manifest over a long period of
exposure, sometimes several years, as in the case of cancer
(http://www.peasantautonomy.org/chhattisgarh-raigarh-
sponge-iron-risk.pdf - accessed on 01 August 2016).

Central pollution control board (CPCB) Bhopal has
reported the percentage of heavy metals in suspended
particulate matter (SPM) at Raipur and Raigarh city in
Chhattisgarh state — In Raipur city, the heavy metals were
found in the range of 0.90-6.52% of SPM, on eight hourly
basis and 1.17-2.32 % of SPM on a 24 hour average basis and
in Raigarh city, the heavy metals are found in the range of
0.32-1.85 % of SPM, on eight hourly basis and 0.43-0.89 % of
SPM on a 24 hour average basis. The higher values of Fe are
confirming the sponge iron industries are the main contributor
of ambient air pollution (CPCB, 2010 — 11).

Heavy Metal Leaching Pollution

The iron and steel industries, disposes huge amounts of
slag as by product, as till date it cannot be utilized hundred
percent and converted into huge dumps surrounding to plant
site and encroaching on the valuable land. lron and steel
industry slag is generally consists of calcium, silicon and iron
and also contain trace amounts of probable toxic elements,
particularly chromium and vanadium, which can be released
from slag (Chaurand et al., 2006). BF slag is considered
unfriendly to the environment when present in fresh because it
gives off sulfur dioxide and, in the presence of water,
hydrogen sulphide and sulphuric acid (Kachhap, S., 2009-10).
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Soil served as a receiver and known as contaminated if
received other substances, identify as contaminants (Gowd et
al., 2010). For the transportation of chemical substances and
elements in the atmosphere, hydrosphere, and biosphere soils
can also act as a natural buffer (Yaylali-Abanuz, 2011). Soil
contamination due to pollutants released from steel production
is one of the gravest problems in the world and have long
period consequences on human life (Antoaneta et al., 2011).
With innovations and rapid advancement of steel industry a
variety of hazardous pollutants are being released such as
heavy and toxic metals (As, Cd, Cr, Cu, Fe, Hg, Ni, Pb, Sb,
Se, V, and Zn) smelting and tailings, and are getting deposited
in soils in the region of industrial activities causing severe
pollution and hence, deteriorating soil quality. Iron and steel
manufacturing produces a significant amount of solid wastes
containing toxic heavy metals (Ene and Pantelica, 2010; Ene
et al., 2009). The liberation of toxic heavy metals from the
dumps or landfills by weathering (or due to leaching) leads to
pollution of the surrounding soil, as well as surface and
ground waters (Geiseler, 1996; Motz and Geiseler, 2001,
Proctor et al., 2000; Sofilic et al., 2013) have concluded that
the release of constituent from BOF slag was of no
consequence in terms of environmental impact. Plants collect
environmental pollutants by atmospheric depositions to their
parts and also in root uptake from the soil. Pollutants’
physicochemical properties, plant characteristics and
environmental conditions govern the intensity and level of
accumulation (Zhao et al., 2006).

Due to the rapid and man-made activities to meet the
population demand, such as industrialization and urbanization,
the concentration of heavy metals in soils is constantly
increasing (Li and Feng, 2010). The concentration of heavy
metals in soils, therefore much depends on the retention power
of the soil, which affecting soil particle surfaces, physical,
chemical properties of soils and chemical properties of heavy
metals (Soriano et al., 2012). Heavy metals could be
remaining in soils for a much extended time. At a certain
level, heavy metals are necessary for a human body, although
they also are capable of causing toxic effects if exceeded the
permissible limit (Abdullah et al., 2014).

In several parts of the country steel plants are causing
severe water anxiety (downtoearth.org.in). A conclusion was
drawn with the analysis of topsoil samples for pollution
index and results indicated that urban soils are moderate to
seriously polluted by Cd, Zn, Cu, and Pb in a steel industrial
city (Anshan), Liaoning, Northeast China (Qing et al., 2015).
Also the impacts of the steel plant were described in terms of
the rate of the fallout of the settleable dusts in the locality of
the steel plant, and the levels of occurrences of particular toxic
metal, (Bi, Cd, Co, Cu, Ni, Pb, Sb, Sn, Zn, Cr, Mn, Mo, B and
Be)
(http://shodhganga.inflibnet.ac.in/bitstream/10603/31433/8/08
_chapter%203.pdf — accessed on 22 August 2016)

Role of Sponge Iron Plants

For the production of steel, sponge iron is an intermediate
product used in the manufacture of wrought iron and as a
substitute of scrap during steel making (Bhojwani and Bagga,
2016;
http://www.cpcb.nic.in/fupload/Newltems/Newltem_102_SPO
NGE_IRON.pdf - accessed on 05 August 2016) thus in last the
20 years about hundreds of sponge iron industries has been
started in the central India
(http://www.peasantautonomy.org/iron-factories-
resistance.html - accessed on 8 August 2016). Since 2003,
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India is the largest producer of sponge iron with production
growing from 7.67MT in 2003 to 17.31 MT in 2014
accounting for 23% of world’s production (Bhojwani and
Bagga, 2016).

Discussion

Industrialization and environmental pollution with
technology have gone ahead to affect human health (Yagdi et
al., 2000). Air pollution from industries is aesthetically
offensive and can be a true health hazard to humans as well as
to vegetation (Janick, 1986). Heavy metals are commonly
released into the air from industrial emissions, the use of fossil
fuels for heating systems and means of transport exhausts
(Onder et al., 2007). Iron and steel industries are the main
causes of air pollution emissions. It was found in an analysis
that air pollutant levels were higher surrounding to steel plant.
Also, it was concluded that, staying close to the plant for a
small period of time was related to higher pulse rate than
staying at a site farther than away from the plant even though
several pollutants were also associated with increased pulse
rate. These conclusions recommended that air quality in an
inhabited area close to a steel plant may influence
cardiovascular physiology (Liu et al., 2013).

Minimization of waste produced in the blast furnace is
principally related to the reduction in slag volume. High ash
content of the Indian coal is to a very large extent and is
answerable for high slag volume in the process of blast
furnaces and therefore, decrease in the coke rate would
decrease the waste generation (Sinha and Agrawal, 1996).
Leaching increased along the slag ageing period, thus; reuse of
slags without a proper previous treatment or the uncontrolled
dumping can have negative effects on the environment in the
long term. Thus, the pre-treatment of slag or its stabilization
before reuse is recommended, even for low value applications
(Gomes and Pinto, 2006).

Raipur as capital and Raigarh in Chhattisgarh state have
witnessed higher industrial development resulting in heavy air
pollution in these cities and regions having mainly steel and
sponge iron industries, contributing particulate matters (PM) a
pollutant in the ambient air. Health related complaints have
been lodged with state/central authorities (A — Report, CPCB,
Bhopal, 2011). For the past 15 years, in Raigarh, Jindal Steel
Plant Limited (JSPL) has been dumping their generated slag
and waste from its sponge iron units at its dump site which is
located at a distance of five km from the plant and
consequently, during rainy season, pollutants from the site
reach Parsada village, and at the receiving end is farmers
whose crops suffer (downtoearth.org.in). The concentration of
heavy metal present in an analysis indicated that the leachate
produced by uncontrolled and unscientific disposal of steel
slag wastes contaminates soil samples of the identified area of
Chhattisgarh (Tiwari et al., 2015).

The environmental impact of the iron and steel sector
occurs mostly in raw material mining and handling. Maximum
weightage could be assigned to coke-making and blast furnace
processes, which are highly polluting and resource-intensive
(downtoearth.org.in). The iron and steel industries dump their
poisonous waste everywhere. lron acts along with other
carcinogenic heavy metals to enhance cancer risk. The toxic
properties of heavy metals are varied and may over and over
again manifest over a long-lasting period, now and then
several years, as in the case of cancer. SIUs also emit oxides
of sulphur and nitrogen and hydrocarbons. The emission
pollutants are also expected to enhance the incidence of
respiratory tract complaints, e.g., coughing, phlegm, chronic


http://shodhganga.inflibnet.ac.in/bitstream/10603/31433/8/08_chapter%203.pdf
http://shodhganga.inflibnet.ac.in/bitstream/10603/31433/8/08_chapter%203.pdf
http://www.cpcb.nic.in/upload/NewItems/NewItem_102_SPONGE_IRON.pdf
http://www.cpcb.nic.in/upload/NewItems/NewItem_102_SPONGE_IRON.pdf
http://www.peasantautonomy.org/iron-factories-resistance.html
http://www.peasantautonomy.org/iron-factories-resistance.html

44015

bronchitis and also
(peasantautonomy.org).
Conclusion

The heavy metal and SPM pattern clearly indicating that
the ambient air quality in the Raipur city is getting degraded
with respect to heavy metal (mainly Iron) concentration which
is a major point of concern. In Raipur city, the trend shows
that the pollution is generated from industries in a Siltara
industrial area and getting dispersed. The heavy metal
concentrations are higher at night during stable environmental
conditions. In Raigarh city, topography plays major role in the
dispersion of pollutants (A — Report, CPCB, Bhopal, 2011).
The same condition can be considered for Korba and Raipur
industrial region, although Durg — Bhilai industrial region has
some better conditions. Many times the industrial solid waste
from iron and steel plants is dug or dumped into the ground. It
causes leachate generation and polluting land and
consequently ground water sources also.

Emissions from these industries along with the disposal or
huge dumping of industrial solid waste to the environment
have made our precious air and land environment polluted.
The steel industry can adapt to the stack emissions norm of 20
microgram/Nm?® with ease. To eliminate the toxic emissions,
only non-recovery coke ovens should be allowed. Hence it is
essential that, we must protect our environment from these
pollutions, without compromising the development of our
people of Chhattisgarh through the industrial revolution.
Acknowledgement

This review paper is made possible through the help and
support from everyone, including: my PhD supervisors,
family, friends, and in essence, all sentient beings.
References:

[1] Ahmad, S., Khan, T. A, Mittal, A., 2015, Green
Manufacturing Helps To Control  Global Warming: - A
Critical Review, International Journal of Engineering
Sciences & Research Technology, 4(2): February, 2015

[2]A — Report, CPCB, Bhopal, 2011, Report on Spm
Characterization for Heavy Metals Concentration,
http://cpcb.nic.in/fSPMCharacterization.pdf,- accessed on 01
July 2015

[3] A Position Paper, 2011, Hazardous Metals and Minerals
Pollution in India, Indian National Science Academy, New
Delhi, August 2011,
http://www.insaindia.org/pdf/Hazardous_Metals.pdf- accessed
on 28 June 2015

[4] Abdullah, M. Z., @Rafie, smail, A., and Mahammad, N.I.,
2014, Statistical Analysis Of Heavy Metal Concentration In
Moss And Soil As Indicator Of Industrial Pollution,
International  Journal of Science, Environment and
Technology, Vol. 3, No 3, 2014, 762 — 775

[5] Ahmad and Patel, 2012, Sustainable Development in Steel
Industries after the Implementation of Green Manufacturing,
International Journal of Engineering Science & Advanced
Technology Volume-2, Issue-4, 871 — 875

[6]Alvi, S. M., Ahmed, S., Chaturvedi, S. K., 2013,
Approaching Green Manufacturing In Iron and Steel Industry,
Int. J. Mech. Eng. & Rob. Res. 2013, Vol. 2, No. 3, July 2013
[7]ACMA (American Cast Metals Association), 1999, 1999
Metal Casting Forecast and Trends

[8] Bhojwani, M. and Bagga, G.D.S., 2016, Sponge lIron
Industry in Chhattisgarh: a Perspective, Indian Journal of
Applied Research, Volume: 6, Issue: 2, February 2016.

[9] Brunekreef, B., Forsberg, B., 2005, Epidemiological
evidence of effects of coarse airborne particles on health,

aggravate asthmatic  conditions

Manoj Kumar Tiwari et al./ Elixir Pollution 101 (2016) 44011 -44017

European Respiratory Journal 26, 309-318.

[10]Brook, R.D., Franklin, B., Cascio, W., Hong, Y.L.,
Howard, G., Lipsett, M., Luepker, R., Mittleman, M., Samet,
J., Smith, S.C., Tager, I, 2004, Air pollution and
cardiovascular disease — A statement for healthcare
professionals from the Expert Panel on Population and
Prevention Science of the American Heart Association,
Circulation 109, 2655-2671.

[11]Chen et al., 2015, Air Quality of Beijing and Impacts of
the New Ambient Air Quality Standard, Atmosphere 2015, 6,
1243-1258; doi:10.3390/atm0s6081243

[12] Cohen, AJ., Anderson, H.R., Ostro, B., Pandey, K.D.,
Krzyzanowski, M., Kuenzli, N., Gutschmidt, K., Pope, C.A.,
Romieu, I., Samet, J.M., Smith, K.R., 2004, Mortality Impacts
of Urban Air Pollution, In Comparative Quantification of
Health Risks: Global and Regional Burden of Disease due to
Selected Major Risk Factors, edited by Ezzati, M., Lopez,
A.D., Rodgers, A., Murray, C.U.J.L., Vol. 2, World Health
Organization, Geneva.

[13]Chaurand, P., Rose, J., Briois, V., Olivi, L., Hazemann,
Jean-Louis, Proux, O., Doma, J., Bottero, Jean-Yves, 2006,
Environmental impacts of steel slag reused in road
construction: A crystallographic and molecular (XANES)
approach, Journal of Hazardous Materials xxx (2006) XXX—XXX
[14] cseindia.org,http://www.cseindia.org/content/who-says-
india-ranks-among-world%E2%80%99s-worst-its-polluted-
air-out-20-most-polluted-cities-world, 30 June 2015

[15]CSE WEBNET, http://www.cseindia.org/content/prime-
minister[poo+s-trophy-steel-plant-overrides-pollution-
concerns, - accessed on 30 July 2015
[16]CSIDC, Chhattisgarh State
Corporation,

[17]CPCB, 2010 — 11, Report on SPM Characterization for
Heavy Metals Concentration, Zonal Office (central) Central
pollution control board Bhopal.
http://cpcb.nic.in/fSPMCharacterization.pdf - accessed on 21
June 2016

[18]Dai et al., 2015, Characterization and Source
Identification of Heavy Metals in Ambient PM10 and PM2.5
in an Integrated Iron and Steel Industry Zone Compared with a
Background Site, Aerosol and Air Quality Research, 15: 875—
887, 2015, doi: 10.4209/aaqr.2014.09.0226 (Das, 2014)

[19] Das, B., 2014, Environmental impact due to iron ore
mining in Chhattisgarh, Recent Res. Sci. Technol., 6: 27-29.
[20]http://www.mse.ac.in/ManagingEnvironment/discussion.
pdf - accessed on 30 June 2015

[21]DTE-1,Down To Earth,
http://www.downtoearth.org.in/news/ecofriendly-slag-to-help-
make-cement-in-chhattisgarh-6161-accessed on 25 July 2015.
[22] Dockery, D.W., Pope, C.A., Xu, X., Spengler, J.D., Ware,
J.H., Fay, M.E., Ferris, B.G., Speizer, F.E., 1993, An
association between air pollution and mortality in six U.S.
cities. New England Journal of Medicine 329, 1753-1759.
[23]1Dey, S., Gupta, S., Mahanty, U., 2014, Study of
particulate matters, heavy metals and gaseous pollutants at
Gopalpur (23°29'52.67" N, 87°23'46.08"E), a tropical
industrial site in eastern India, IOSR Journal Of
Environmental Science, Toxicology And Food Technology,
Volume 8, Issue 2 Ver. | (Mar — Apr. 2014), PP 01-13
European Commission, 2000.

[24] downtoearth.org.in,
http://www.downtoearth.org.in/coverage/stained-steel-38359,
April 20, 2016

Industrial Development


http://cpcb.nic.in/SPMCharacterization.pdf,-
http://www.insaindia.org/pdf/Hazardous_Metals.pdf
http://cpcb.nic.in/SPMCharacterization.pdf
http://www.downtoearth.org.in/news/ecofriendly-slag-to-help-
http://www.downtoearth.org.in/news/ecofriendly-slag-to-help-
http://www.downtoearth.org.in/coverage/stained-steel-38359

44016

[25] Ene, A., Pantelica, A., 2010, Study of transfer of minor
elements during ironmaking by neutron activation
analysis, Radiochimica Acta 98(1), 53 (2010).
[26] Ene, A. Popescu, 1.V. Ghisa, V., 2009, Study of transfer
efficiencies of minor elements during steelmaking by neutron
activation technique, Rom. Rep. Physics 61(1), 165 (2009).
[27] Geiseler, J., Use of steelworks slag in Europe, Waste
Manage. 16 (1996) 59-63.
[28]Gowd, S.S., Reddy, M.R and Govil, P.K., 2010,
Assessment of heavy metal contamination in soils at Jajmau
(Kanpaur) and Unnao industrial areas of the Ganga Plain,
Uttar Pradesh,  India. Journal of Hazardous Materials, 174,
113-121.
[29] Gomes J. F. P. and Pinto C. G., 2006, Leaching of heavy
metals  from  steelmaking slags, REVISTA DE
METALURGIA, 42 (6) NOVIEMBRE-DICIEMBRE, 409-
416, 2006
[30] http://eprints.nmlindia.org/4219/1/168-181- A_K_ Vaish.
PDF - accessed on 10 August 2016
[31] https://www.worldsteel.org — accessed on 9 August 2016
[32] http://steel.gov.in/overview.htm - accessed on 8 August
2016
(http://industries.cg.gov.in/Industrial_Regions.aspx - accessed
on 05 August 2016)
http://industries.cg.gov.in/Industrial_Regions.aspx - accessed
on 05 August 2016
[34] http://www.peasantautonomy.org/chhattisgarh-raigarh-
sponge-iron-risk.pdf - accessed on 01 August 2016
[35]http://www.cpch.nic.in/upload/Newltems/Newltem_102_
SPONGE_IRON.pdf - accessed on 05 August 2016
[36] http://www.peasantautonomy.org/iron-factories-
resistance.html - accessed on 8 August 2016
[37] http://cpcb.nic.in/fSPMCharacterization.pdf - accessed on
15 July 2016
[38] http://www.meconlimited.co.in — accessed on 15 July
2016
[39] http://www.eolss.net/sample-chapters/c09/e4-14-04-04.
pdf - accessed on 07 August 2016
[40]https://www3.epa.gov/ttnchiel/ap42/ch12/final/c12s05.
pdf - accessed on 5 August 2016
[41]Janick, J., 1986, Horticultural science, 4th ed. Perdue
University: W. H. Freeman and Company; p.746, Printed
in the United States of America, New York. 1986.
[42]Kesari, B., and Verma, B. K., 2015, Realizing
Chhattisgarh’s Steel Dream- Opportunities For Economic
Development With Some Suggestions, International Journal of
Development Research Vol. 5, Issue, 04, pp. 4228-4232,
April, 2015
[43] Katsouyanni, K., 2005, Long term effect of air pollution
in Europe. Occupational & Environmental Medicine 62,
432-433.
[44] Kachhap, S., 2009-10
http://ethesis.nitrkl.ac.in/1952/1/Final_Thesis_of 10605036
21st_may.pdf accessed on 29 June 2015.
[45]Kao, W.Y., Ma, H., Wang, L.C. and Chang-Chien, G.P.,
2007, Site-specific Health Risk Assessment of Dioxins and
Furans in an Industrial Region with Numerous Emission
Sources. J. Hazard. Mater. 145: 471-481.
[46]Liu, L. et al., 2013, Exposure to air pollution near a steel
plant and effects on cardiovascular physiology: A randomized
crossover study, International Journal of Hygiene and
Environmental Health, Volume 217, Issues 2—3, March 2014,

Manoj Kumar Tiwari et al./ Elixir Pollution 101 (2016) 44011 -44017

Pages 279-286,
Source: PubMed.
[47]Lee, W.S., Chang-Chien, G.P., Wang, L.C., Lee, W.J.,
Tsai, P.J., Wu, K.Y. and Lin, C., 2004, Source ldentification
of PCDD/Fs for Various Atmospheric Environments in a
Highly Industrialized City, Environ. Sci. Technol. 38: 4937-
4944,

[48]Li, X. and Feng, L., 2010, Spatial distribution of
hazardous elements in urban topsoils surrounding Xi’an

DOI:10.1016/j.ijheh.2013.06.007

industrial areas, (NW, China): Controlling factors and
contamination  assessments. J. Hazard. Mater, 174(1-3),
662-669.

[49]Motz, H., Geiseler, J., 2001, Products of steel slags an
opportunity to save natural resources, Waste Manage. 21
(2001) 285-293.

[50] Ministry of Steel, India, http://steel.gov.in/overview.htm -
accessed on 02 July 2015.

[51] Netto, A. D. P., Barreto, R. P., Moreira J. C., and Arbilla,
G., 2007, Spatial distribution of polycyclic aromatic
hydrocarbons in Terminalia catappa L. (Combretaceae) bark
from a selected heavy road traffic area of Rio de Janeiro City,
Brazil, J. Hazard. Mater., vol. 142, pp. 389-396, 2007.

[52] Owoade, K. O., . Hopke, P. K., Olise, F. S., Ogundele,
L. T., Fawole, O. G., Olaniyi, B. H., Jegede, O. O., Ayoola,
M. A., Bashiru, M. I., 2015, Chemical compositions and
source identification of particulate matter (PM2.5 and PM2.5—
10) from a scrap iron and steel smelting industry along the
Ife-Ibadan highway, Nigeria, Atmospheric Pollution Research
6 (2015) 107-119.

[53]Onder,S., Dursun, S., Gezgin, S., Demirbas, A., 2007,
Determination of Heavy Metal Pollution in Grass and Soil of
City Centre Green Areas (Konya, Turkey),Polish J. of
Environ. Stud. Vol. 16, No. 1 (2007), 145-154.

[54]Pope, C.A., Dockery, D.W., 2006, Health effects of fine
particulate air pollution: Lines that connect. Journal of the Air
& Waste Management Association 56, 709—-742.

[55] Proctor, D. M., Fehling, K.A., Shay, E.C., Wittenborn,
J.L., Avent, C., Bigham, R.D., Connolly, M. , Lee, B. ,
Shepker, T.0., Zak, M.A., 2000, Physical and chemical
characteristics of blast furnace, basic oxygen furnace, and
electric arc furnace steel industry slags, Environ. Sci. Technol.
(2000) 1576-1582.

[56] peasantautonomy.org,
http://www.peasantautonomy.org/iron-factories-pollution.html
[57]1Qing, X., Yutong, Z., Shenggao, L., 2015, Assessment of
heavy metal pollution and human health risk in urban soils of
steel industrial city (Anshan), Liaoning, Northeast China,
Ecotoxicology and Environmental Safety, Volume 120,
October 2015, Pages 377-385

[58]Rai et al., 2011, Gaseous Air Pollutants: A Review on
Current and Future Trends of Emissions and Impact on
Agriculture, Journal of Scientific Research VVol.55,20 : 77-102
[59]Rickun, J., 1993, Air permits, Title I, VOCs and
foundries, Proceedings of the Environmental Affairs
Conference. August 22-24, 1993, Milwaukee, WI

[60] Rafiei, M., Gadgil, A. S, Ghole,V. S., Gore, S. D.,
Jaafarzadeh,N. and Mirkazemi'R., 2009, Assessment of air
pollution and its effects on the health status of the workers in
beam rolling mills factory (Iran National Steel Industrial
Group) from Ahvaz-Iran Indian J Occup Environ Med. 2009
Apr; 13(1): 20-22.
[61]http://shodhganga.inflibnet.ac.in/bitstream/10603/31433/8
/08_ chapter%?203.pdf —accessed on 22 August 2016.


http://www.worldsteel.org/
http://steel.gov.in/overview.htm
http://industries.cg.gov.in/Industrial_Regions.aspx
http://www.peasantautonomy.org/chhattisgarh-raigarh-sponge-iron-risk.pdf
http://www.peasantautonomy.org/chhattisgarh-raigarh-sponge-iron-risk.pdf
http://www.cpcb.nic.in/upload/NewItems/NewItem_102_SPONGE_IRON.pdf
http://www.cpcb.nic.in/upload/NewItems/NewItem_102_SPONGE_IRON.pdf
http://www.peasantautonomy.org/iron-factories-resistance.html
http://www.peasantautonomy.org/iron-factories-resistance.html
http://cpcb.nic.in/SPMCharacterization.pdf
http://www.meconlimited.co.in/
http://www.sciencedirect.com/science/journal/14384639
http://www.sciencedirect.com/science/journal/14384639
http://www.sciencedirect.com/science/journal/14384639/217/2
http://steel.gov.in/overview.htm
http://www.sciencedirect.com/science/journal/01476513
http://www.sciencedirect.com/science/journal/01476513/120/supp/C

44017

[62] Sasi, J. M. B., 2013, Air Pollution Caused by Iron and
Steel Plants, International Journal of Mining, Metallurgy &
Mechanical Engineering (IIMMME) Volume 1, Issue 3 (2013)
[63] Sofilic, T., Brnardic, I., Simunic-MeTnaric, V., and
Sorsad A., 2013, Soil Pollution Caused by Landfilling of
Nonhazardous Waste from Steel Production Processes, Kem.
Ind. 62 (11-12) 381-388 (2013)

[64] Soriano, A., Pallares, S., Pardo,F., Vicente, A.B,
Sanfeliu,T., and Bech,J., 2012, Deposition of heavy metals
from particulate settleable matter in soils of an industrialised
area, Journal of Geochemical Exploration, 113, 36-44.
[65] Sinha and Agrawal, 1996, Minimization of waste
generation in steel sectors, PROCEEDINGS:NS-EWM 1996
@NML. JAMSIIEDPUR, PP.146-153

[66] Seinfield, J.; Pandis, S.,2006, Atmospheric Chemistry
and Physics; Wiley & Sons. Inc.: Hoboken, NJ, USA, 2006.
[67] Thaindian News, 10/28/2009,http://www.thaindian.com/
newsportal/business/chhattisgarh-serves-notice-to-15-
industries-for- pollution_100266843.html, 04 July 2015

[68] Tai, A.P.K., Mickley, L.J., Jacob, D.J., 2010, Correlations
between fine particulate matter (PM2.5) and meteorological
variables in the United States: Implications for the sensitivity
of PM2.5 to climate change, Atmospheric Environment 44,
3976-3984.

[69] Tiwari, M. K., Bajpai,S., Dewangan, U. K., 2015, An
Analytical Study of Heavy Metal Concentration in Soil of an
Industrial Region of Chhattisgarh, central India, International
Journal of Scientific and Research Publications, Volume 5,
Issue 7, July 2015

[70] Viswanathan, P.V., Gangadharan, T.K., 1996,
Environmental and waste management iniron and steel
industry, PROCEEDINGS: NS-EWM 1996 ®NML,
JAMSHEDPUR, pp.199- 207

[71]World Steel, 2014, Sustainable Steel - Policy and

Indicators 2014, p.7,

[72]Wesley, C. L. Hemeon, 1957, Air Pollution Problems of
the Steel Industry Technical Coordinating Committee T-6
Steel Report, Journal of the Air Pollution Control Association,
7:1, 62-67, DOI: 10.1080/00966665.1957.10467784
[73]Wang, L.C., Lee, W.., Tsai, P.J.,, Lee, W.S. and
ChangChien, G.P., 2003, Emissions of Polychlorinated
Dibenzo-p-dioxins and Dibenzofurans from Stack Flue Gases
of Sinter Plants. Chemosphere 50: 1123-1129.

[74]Wu et al., 2015, Primary Air Pollutant Emissions and
Future Prediction of Iron and Steel Industry in China, Aerosol
and Air Quality Research, 15: 1422-1432, 2015, doi:
10.4209/aaqr.2015.01.0029

[75]WSA, 2016, World Steel Association, Fact sheet-Steel
industryby-products, https://www.worldsteel.org/publications/
fact-sheets/content/01/text_files/file/document/Fact_By-
products_2016.pdf — accessed on 27 July 2016

[76] Yagdi K., Kacar O., Azkan N., 2000, Heavy metal
contamination in soils and its effects in agriculture J. of Fac.
of Agric., OMU, (in Turkish) 15, 109-115, 2000.

[77] Yaylali-Abanuz, G., 2011, Heavy metal contamination of
surface soil around Gebze industrial area, Turkey,
Microchemical Journal, 99(1), 82-92.

[78] Zhang, Y., Wen, X.-Y., Wang, K., Vijayaraghavan, K.,
Jacobson, M.Z., 2009, Probing into regional O3 and particulate
matter pollution in the United States: 2. An examination of
formation mechanisms through a process analysis technique
and sensitivity study. Journal of Geophysical Research:
Atmospheres 114, art. No. D22305.

Manoj Kumar Tiwari et al./ Elixir Pollution 101 (2016) 44011 -44017

[79] Zhao, Y., Wang, Q., Yang, L., Li, Z., Satake, K.,
Tsunoda, K.,2006, Alternative Normalization Method of
Atmospheric Polycyclic Aromatic Hydrocarbons Pollution
Level Recorded by Tree Bark, Environ. Sci. Technol., vol. 40,
pp. 5853-5859, 2006.
[80] Atimtay, A. T.and Chaudhary, M. T., 2005, Air Pollution
Due To Noy Emissions in an Iron- Steel Industry Region in
South-Eastern Turkey and Emission Reduction Strategies,
Environmental Engineering, 2005
[81] Antoaneta,Ana Pantelica, Carmo Freitas, Alina Bosneaga,
2011, EDXRF And INAA Analysis of Soils in The Vicinity of
a Metallurgical Plant, Rom. Journ. Phys., Vol. 56, Nos. 7-8, P.
993-1000, Bucharest, 2011
[82] Zhang, R.; Jing, J.; Tao, J.; Hsu, S.C.; Wang, G.; Cao, J.;
Lee, C.S.L.; Zhu, L.; Chen, Z.; Zhao, Y.; et al. Chemical
characterization and source apportionment of PM2.5 in
Beijing: Seasonal perspective. Atmos. Chem. Phys. 2013, 13,
7053-7074.
Biography
Manoj Kumar Tiwari is a research Scholar in
the Civil Engineering Department, NIT Raipur,
India. He holds a Master of Engineering (2008)
from the PT. Ravishankar Shukla University,
Raipur, India, in Environmental Science and
engineering with BE degree in civil engineering
(1992) from the Nagpur University, India. His interest
includes “Impacts of Industrial solid waste leachate” and has
published over 15 technical papers in different international
and national journals having 17 citations, conferences and
seminars. E-mail address: nitr.mkt@gmail.com, Tel: +91
9406113464

Dr. Samir Bajpai: Ph.D. (2009) from
Ptavishankar Shukla  University, Raipur,
Chhattisgarh, INDIA, M.Tech. (1997) in

N Environmental Engineering from 11T Kanpur,
{)/ INDIA and B.E. (1987) Civil Engineering,
(First Division with Honors) Pt. Ravishankar
Shukla University, Raipur, Chhattisgarh, INDIA. He has
published over 20 technical papers in different international
and national journals Email: sb@nitrr.ac.in
Dr. Umesh Kumar Dewangan:B.E. Civil
Engineering (First Division with Honors)
(1986), M.E. Structural Engineering (1990)
and Ph.D. (2006) Structural Engineering from
ILIL.T. Kharagpur. His specialization is
Structural Engineering, Finite Element, Inverse
problem, System Identification, Structural Health Monitoring,
Damage Detection, and Computational Mechanics. He has
published over 20 technical papers in different international
and national journals Email: ukdewangan.ce.@nitrr.ac.in




