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Abstract 
Coal based thermal power generation accounts for 44.7% of the world's electricity and coal alone provides about 

80% of the total energy demand in India. Energy-intensive industries deteriorate the air quality of the residential 

areas due to release of different pollutants, especially a range of deleterious heavy metals like Hg, Cd, Cu, Pb, 

and Cr. Near about 53.3 percent of the coal produced every year in India has been used for thermal generation. 

Jharia Coalfield (JCF) is major contributor of coking coal in India. JCF receives particulate matter from various 

sources such as, opencast coal mining and its associated activities, thermal power stations, automobiles, 

generator sets fuel burning, construction activities, domestic coal, cooking gas burning, etc. and even the 

background contribution of natural dust (crustal origin) can not be ruled out, particularly, in the zones having 

loose topsoil. Concentration of particulate matter causes harmful impacts to the society. These multiple sources 

are contributing to particulates pollution in the study area. Apportionment of these sources indicating their 

contribution to ambient air pollution is vital for planning effective control strategies. Management of particulate 

pollution from various industrial sources in integrated industrial complexes such as JCF is a major area of 

concern. It can be assessed by determining emissions from various activities and resulting contribution of those 

multiple sources at various receptors using dispersion and receptor modeling through source apportionment 

study with respect to particulate matter (PM10) in JCF. 

Key Words: PM10, Jharia Coalfield, Source Apportionment, Industry, Receptor Modeling, Emission 

Inventory. 

 

I. Introduction 
The air we breathe is a mixture of gases, 

solid and liquid substances. Air pollution occurs 

when the air contains substances in such quantities 

that could harm the comfort or health of humans and 

animals, or could damage plants and materials (Alias 

et al. 2007; Hung 2013). Some substances generate 

from the natural sources while others are caused by 

human activities. Emissions from industries and auto 

exhausts are responsible for rising discomfort, 

increasing airborne diseases and deterioration of an 

artistic and cultural heritage in urban and industrial 

areas (Rao et al. 2003).  

Particulate pollution is a big area of concern 

in the field of air pollution. The Particulate Matter 

(PM) in the air is the resultant of dispersion of dust 

from industrial (mining and non- mining) and allied 

activities, transportation, local vehicular movement 

and domestic fuel (coal, wood burning etc.) (Singh et 

al. 1992; Krishnamurthy 2005 and Lee et al. 2006). 

Vehicular pollution is also becoming an alarming 

issue due to increasing vehicle growth, distances 

travelled and high rate of emissions. Pollutants from 

these sources interact with soil and water and enter 

into the food chain (Zhang et al. 2007a). The PM has 

an adverse effect on human health too. Human 

exposure to high concentrations of PM10 can lead to 

several types of respiratory illness. PM is also 

responsible for the visibility reduction as it can also 

absorb and scatter sunlight of certain wavelengths 

(Dockery 1994). Long-term exposure to current 

ambient PM concentrations may lead to a marked 

reduction in life expectancy. The reduction in life 

expectancy is primarily due to increase of cardio 

pulmonary and lung cancer (WHO 2013). 

Assessment of the air quality can provide 

useful insight for the development of the air quality 

management plan. The database developed on air 

quality also helps regulatory agencies to identify the 

locations where the natural resources and human 

health could be at risk (Bart 1993; Costa and Dreher 

1997 and Murray et al. 2001).   
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As per The Engineers Joint Council on Air 

Pollution and its Control, USA", air pollution means 

“the presence in the outdoor atmosphere of one or 

more contaminants such as dust, fumes, gas, mist, 

odour, smoke or vapour in quantities, of 

characteristics, and of duration, such as to be 

injurious to human, plant, or animal life or to 

property which unreasonably interfere with the 

comfortable enjoyment of the life and property”.  

According to the World Health Organisation (1971), 

air pollution may be defined as “substances put into 

the air by the activity of mankind into concentrations 

sufficient to cause harmful effect to the health, 

vegetation, property or to the enjoyment of his 

property”.  

The Air (Prevention and Control of 

Pollution) Act, 1981 of India describes air pollutant 

and air pollution as: “Air pollutant means any solid, 

liquid or gaseous substance (including noise) present 

in the atmosphere in such concentration as may or 

tend to be injurious to human beings or other living 

creatures or plants or property or environment.” 

Concern about air pollution especially with 

reference to PM is receiving importance worldwide 

(Azad and Kitada 1998; Salam et al. 2003 and 

Cachier et al. 2005). Fine suspended particulate 

matter pose the most widespread and acute risks. It is 

very well known that industrial installations 

producing bricks, iron, fertilisers and glass, coal-fired 

power stations etc. are the most important sources of 

particulate pollution (Arnesen 1997 and 1998; Cronin 

et al. 2000; Haidouti et al. 1993 and Stevens et al. 

1997). 

Airborne particulate matter varies widely 

in its physical and chemical composition, source and 

particle size. PM10 particles (the fraction of 

particulates in air of very small size (<10μm) are of 

major current concern, as they are small enough to 

penetrate deep into the lungs and so potentially pose 

significant health risks (Begum et al. 2004). A major 

source of fine primary particles is combustion 

processes, in particular diesel combustion, where 

transport of hot exhaust vapour into a cooler exhaust 

pipe can lead to spontaneous nucleation of “carbon” 

particles before emission. The atmospheric lifetime 

of particulate matter is strongly related to particle 

size, but may be as long as 10 days for particles of 

about 1mm in diameter. 

 

1.1 Energy Scenario in World 
Technologies of energy production and 

environmental pollution are intimately linked with 

each other (Nriagu et al. 1996). Energy-intensive 

industries are the industries that are specifically 

established for power or electricity production, e.g., 

thermal power plants and coal mines. Energy-

intensive industries deteriorate the air quality of the 

residential areas due to release of different pollutants, 

especially a range of deleterious heavy metals like 

Hg, Cd, Cu, Pb, and Cr (Messey et al. 2013). 

Electricity has become an essential part of our daily 

life. Coal based thermal power is meeting about two 

third of the total requirement of global power. Coal 

alone provides about 80% of the total energy demand 

in India. Total primary energy demand in the world 

will grow by 54% by the year of 2030; it is projected 

to grow at an average rate of 1.6% per year. 

Electricity growth is even stronger and is projected to 

be almost double from 2004 to 2030 (growing at 

average 2.6% per year from 17,408 TWh to 33,750 

TWh). Demand of electricity is increasing most 

dramatically in developing countries like China and 

India.  China and India together account for 45% of 

the increase in energy sector, in the present scenario 

(World Energy Outlook 2012). 

Coal based thermal power generation 

accounts for 44.7% of the world's electricity. Other 

resources are providing over 55.3% of world 

electricity (nuclear 20.6%, oil 1.1%, natural gas 

22.3% and hydro & other 11.3%). It is especially 

suitable for large-scale, base-load electricity demand. 

The demand of coal power is increasing all over the 

world (CEA 2013). Global energy scenario is given 

in Fig 1. 

In recent years, India’s energy consumption 

has been increasing at one of the fastest rates in the 

world due to population growth and economic 

development. During the 5-year period ended March 

31, 2013, the Compound Annual Growth Rate 

(CAGR) of consumption of petroleum products was 

approximately 4.6% (Source: PPAC, August 2013), 

compared to a CAGR for Gross Domestic Product 

(GDP) of 7.6% (Reserve Bank of India) for the same 

period. Despite the overall increase in energy 

demand, per capita energy consumption in India is 

still very low compared to other developing 

countries. 

Now a days, India has one of the highest 

potential for the effective use of renewable energy. 

India is the world’s fifth largest producer of wind 

power after Denmark, Germany, Spain, and the USA. 

There is a significant potential in India for generation 

of power from renewable energy sources, like small 

hydro, biomass, and solar energy. It is estimated that 

national SHP (small-hydro power) potential is about 

15000 MW (World Energy Outlook 2012). 
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                                                     (Source: Consumer Energy Alliance 2013) 

Fig. 1: Share of Coal Energy in Global Electricity Generation 

 

1.2 Energy Scenario in India 
Power sector has grown at an exceptional 

rate during the last four decades in India to meet the 

rapidly growing demand for electricity as a 

commercial fuel. Increasing demand of power with a 

very slow pace of capacity addition requires that the 

power plants must operate with highest possible 

power availability and reliability. The enhanced 

production of power will result in polluting the 

environment. Thermal power plants and hydro-

sectors are the major power producers in India. The 

foremost portion of power demand in India is met by 

thermal power plants due to availability of fossil 

fuels (coal, oil, and gas). Thermal power plants and 

hydraulic power generators are contributing about 

72% and 25% to 30% of total installed capacity, 

respectively. Among the conventional means of 

power generation, fossil fuel fired thermal power 

plants are very significant in the energy scenario of 

India. However the situation with respect to coal 

reserves is comparatively better, as it contributes 

about 84% of thermal power generation while gas 

and oil contribute about 13% and 3% of thermal 

power generation, respectively (World Energy 

Outlook 2012). 

Power production is totally dependent on the 

coal due to better coal reserves in India than other 

fossil fuels. Coal based thermal power stations are 

responsible to a large extent in environmental 

pollution problems. Environmental problems 

associated with thermal power plants start with 

transportation of coal from mine, feeding it to boiler, 

the emission of flue gases, etc. Today the 

environmental problems of energy use are related 

with environmental cost, which have been rising, 

reinforcing the effect of increased monetary costs in 

creating incentives for increasing the efficiency with 

which energy is used. The impacts of coal-based 

thermal plants are particularly important to study in 

India, as these plants currently provide the largest 

generating capacity.  

India, though rich in coal and abundantly 

endowed with renewable energy in the form of solar, 

wind, hydro and bio-energy has very small 

hydrocarbon reserves (0.4% of the world’s reserve). 

It is a net importer of energy and more than 25 

percent of primary energy needs being met through 

imports mainly in the form of crude oil and natural 

gas. Energy demand in India is expected to increase 

over the next 10-15 years; although new oil and gas 

plants are planned, coal is expected to remain the 

dominant fuel for power generation. The pattern of 

energy production shows that coal and oil account for 

54.2% and 45.8% with natural gas, hydro and nuclear 

contributing the balance (Fig. 2). In the power 

generation front, nearly 62 percent of power 

generation is from coal fired thermal power plants 

and 53.3 percent of the coal produced every year in 

India has been used for thermal generation (CEA 

2013). The share of coal along with other forms of 

energy in electricity generation in India is given in 

Fig. 2. 

However, feasible Capacity Addition for 

11
th

 Plan is 77,070MW as shown in Fig. 3. Despite 

significant increase in total installed capacity during 

the last decade, the gap between electricity supply 

and demand continues to increase. The resulting 

shortfall has had a negative impact on industrial 

output and economic growth. However, to meet 

expected future demand, indigenous coal production 

will have to be greatly expanded.  
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(Source: Consumer Energy Alliance 2013) 

   Fig. 2: Share of Coal and other Forms of Energy in Electricity Generation in India  

 

 
Thermal- 58,183MW (Coal- 48,609MW, Gas -7,293MW, Lignite- 2,280MW) 

Additional capacity expected: New Renewable- 14,000MW, Captive-12,000MW 

Fig. 3: Feasible Capacity Addition for 11
th

 Plan 77,070 MW 

 

1.3.1 Emission Inventory 
An air pollutant emission inventory is a 

process to identify the possible sources and their 

contribution. It provides fundamental information for 

air quality modeling and air pollution control strategy 

development (Huang et al. 2011). Mining, non-

mining, industrial, vehicular and other sources are 

contributing in critical coal mining zone like JCF, 

India (Dubey et al. 2012). According to possible 

emission sources, sources are divided into three 

categories like point sources, area sources and line 

sources. The inventory of these sources is important 

to make a proper source profile.       

 

 Inventory of Point Sources 
A point source of pollution is a single 

identifiable source that is responsible for significant 

pollution load in the study area, like thermal power 

stations (Dubey et al. 2012). For obtaining a 

comprehensive list of different point sources in the 

region, State Government, State pollution control 

boards/committees, concerned government 

institutions, office of the commissioner for Industries, 

District Industrial Center (DIC) and other 

organizations in the concerned area should be 

approached. Specific information on production 

capacities, raw materials used, manufacturing 

process, fuel consumption, etc. should be collected 

from the available secondary records followed by an 

eventual collection of primary data through surveys 

and questionnaires for the cross checking & 

validation of the secondary data (CPCB 2010). 

 

 Inventory of Area Sources 
Area sources are sources of pollution which 

emit a substance or radiation from a specified area. 

Mining activities, domestic/hotel fuel (coal) burning, 

garbage burning, etc. are the major contributing area 

sources in the study area (Sahu et al. 2011). In order 

to assess the fuel consumption in the domestic sector, 

necessary information should be collected from some 

representative localities covering all socioeconomic 

groups with a view to assess variation between urban 

and sub-urban areas. The information proposed to be 

collected includes number of houses and family 

members in each house, type, source, quantity and 

cost of fuel used. Data on gross fuel consumption 

will also be collected from fuel supply agencies. 

Based on the above information, daily per capita 

consumption of different fuels will be estimated. The 

questionnaire should include seasonal implication of 

fuel use particularly wood and coal burning. 
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Information on refuse burning, commercial 

hotels and restaurants, bakeries and other commercial 

activities, etc. should be obtained from the municipal 

or other concerned departments of the city. The 

emissions will then be estimated using relevant 

emission factor for each type of fuel (CPCB 2010).  

 

 Inventory of Line Sources 

Line source is a source of air that emanates 

from one dimensional (line) geometry. Vehicular 

emission is the most common line source in the study 

area. Various transport related project reports should 

be examined to determine the profile of vehicular 

traffic emissions within the study area. The quantity 

of air pollutants emitted from the different categories 

of vehicles is directly proportional to the average 

distance traveled by each types of vehicle, number of 

vehicles plying on the road, quantity and type of fuel 

being used, age and technology of vehicle in use, etc. 

However, several other factors like geographical 

locations, unplanned developed business areas, 

inadequate and poorly maintained roads as well as 

adopted practices of inspection & maintenance of 

vehicles, unplanned traffic flow, meteorological 

conditions and non availability of effective emission 

control technology would also affect emissions (Sahu 

et al. 2011). In order to arrive at the actual vehicular 

emission scenario, vehicle counts on the major traffic 

corridors within the study area would be undertaken. 

The vehicles will be categorized under various 

groups’ viz. heavy-duty vehicles, light-commercial 

vehicles, passenger cars, taxis, two/three wheelers, 

etc.  

Hourly variation in the vehicle count will be 

recorded (manually/videotapes) during periods of 

both day and night. For line sources, the traffic 

volume and its characteristics (including vehicle 

speed) at the major traffic lanes are to be conducted 

(CPCB 2010). 

Emission load should be estimated using 

emission factors, being developed by Automotive 

Research Association of India (ARAI) for different 

possible scenarios. The task of estimating emission 

load will be carried out with due consideration to 

various parameters viz. type/ technologies of vehicle, 

age groups, fuel quality, with/without tailpipe 

treatment, etc. 

Jharia is one of the important coal producing area in 

India. Area source like open coal mining and its 

associated activities are the major source of 

particulate pollution at the study area (Ghose 2000).  

 

1.4 Coal Mining in India 

Coal has held centre court in India for a very 

long time. Now it holds India at ransom. The coal 

reserves of the country are estimated at 285862.21 

million tonnes (IBM 2012), coal appears to be the 

answer to India’s burgeoning energy demand.  

Seventy percent of total electricity 

generation in the India is from coal based thermal 

power plants (Shanmugan and Kulshreshtha 2005). 

The exploitation of any natural resource, including 

coal, has the potential for producing adverse 

environmental effects. It creates a variety of impacts 

on the environment during and after the mining 

operations. In India coal is produced by both 

underground and opencast mining but present thrust 

is being given to increase opencast mining where 

gestation period is much shorter (Huertas et al. 2012). 

India has huge untapped potential for underground 

mining with extractable reserves upto a depth of 600 

metres. Currently mining is done predominantly by 

opencast methods to exploit the 64 billion tonnes of 

proven reserves situated within a depth of 300 

metres. Coal deposits in India occur mostly in thick 

seams and at shallow depths. Indian coal has high ash 

content (15-45%) and low calorific value. The extent 

and nature of impacts from mining can range from 

minimal to significant depending on a range of 

factors associated with ongoing mining processes as 

well as post mining management of the affected 

landscapes. The sensitivity of the local environment 

also determines the magnitude of the problem (IBM 

2011).    

 

1.5 Coal Mines and Associated Air Pollution 

Problems 

Coal mining and its associated activities are 

the major sources of particulate matter in the coal 

mining areas. High concentration levels of particulate 

matter give rise to various health problems 

(particularly Respirable and skin disease), visibility 

problems associated with various risks/ accidents etc.  

 

1.5.1 Sources of Particulate Pollution 

In India, opencast mining today constitutes 

nearly 70% of the total coal production. Opencast 

coal mining using large-scale mechanization results 

in the release of huge quantities of PM, which are 

changing the environmental impact of coalmines, and 

adversely affecting human health (Abernathy 2001). 

The effects of dust clouds are both visible and 

tangible in communities around industrial activities 

or construction sites (Hall et al. 1993 and Fuglsang 

2002). Dust emission is the foremost problem of 

opencast coalmines and results from blasting and 

drilling operations, transportation of coal and 

overburden on haul roads, from coal handling plant 

operation, loading of overburden and coal by shovel 

dumpers, from crushing, conveying and handling of 

overburden by draglines, running of other vehicular 

traffic on the unpaved road and from vehicular 

emission. Numerous researchers have reported on 
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various aspects of dust pollution (Tripathi et al. 1996 

and  Wanquan et al. 2004). A good example of dust 

deposition modeling comes from Gao et al. 2003. 

Ghose (1997) reported presence of high 

level of air borne dust in opencast mines and its 

abatement measures whereas Ghose and Sinha (1990) 

gave information on an air pollution control plan for 

opencast coalmines. Ghose and Banerjee (1995) 

highlighted the air pollution status in opencast 

coalmines. Energy Environment Monitor discussed 

the air pollution problem and abatement measures in 

Indian opencast coalmines. Ghose and Banerjee 

(1997) conducted a study on the physicochemical 

properties of air-borne dust in coal washeries of 

India. Ghose and Majee (2000 a, b) assessed the 

impact of opencast coal mining on the air 

environment. Ghose and Majee (2001) suggested 

abatement measures for air pollution caused by 

opencast coal mining. Ghose (2000) and Chaulya 

(2004) discussed the air pollution problems in Indian 

opencast coalmines. Prabha and Singh (2006) 

reported that large scale mechanized opencast coal 

mining generates huge amount of air-borne dust that 

may cause safety and health hazards and associated 

negative effects on working efficiency through poor 

visibility, failure of equipment, increased 

maintenance cost and lowering of labour 

productivity. However, still there is a paucity of data 

regarding seasonal variation of dust fall and its 

chemical constituents in opencast coalmines. 

The basic meteorological parameters 

determining the horizontal transport and dispersion of 

air pollutants are the mean wind speed and the wind 

direction (Ziomas et al. 1995). Exposure to elevated 

concentrations of air pollutants causes adverse human 

health effects (Hall 1993). Similarly, as per 

Moorcraft and Laxen 1990 local inhabitants are 

living in unhealthy conditions that could result in 

health problems. The pollution control measures used 

by the mining authorities are inadequate, and urgent 

action is required to remediate the pollution problem. 

The residential areas around coalmines should be 

shifted farther away in the opposite direction of 

prevalent winds. 

 

1.5.2 Characterization of Particulate Matter  

Airborne particulate matter is a big area of 

concern today (Dordevic et al. 2004 and Hinz et al. 

2005). The characterization of the respirable fractions 

(PM10 and PM2.5) represents an interesting field of 

investigation (Harrison et al. 1997and Aneja et al. 

2012). Study of phase analysis of airborne particulate 

matters is an active field of research. In recent years, 

more importance is giving on particulate matter of 

size 2.5µm (PM2.5) as reflected by a growing number 

of studies of this fraction, including not only the 

measurements of its concentration but also the 

determination of its chemical content (Yatkin and 

Bayram 2008 and Huertas et al. 2012). During the 

characterization of the fugitive dust, Organiscak and 

Reed (2004) concluded that the unpaved mini 

haulage roads generate dust particle of all sizes. 

The morphology, size, and composition of 

PM10 can also provide clues about process 

performance (Stone et al. 2011). Characterizing PM10 

can also help to understand potential health effects of 

airborne particles (HEI, Health Effects Institute 

2002). The behavior of airborne particulate matters 

can best be understood, if its chemical composition is 

known through Inductively Coupled Plasma Atomic 

Emission Spectrometry (ICP OES), Gas 

Chromatography-Mass Spectrometry (GC-MS), 

Organic/Elemental Carbone and X-ray diffraction 

technique (Hussain et al. 1997). The most common 

methods for the analysis of the quartz found on the 

filter paper are based on Fourier Transform Infra Red 

(FTIR) and Powder X-ray Diffraction (XRD) 

techniques and NIOSH have provided methods that 

describe accurate sample preparation and 

quantification of quartz on air filters. 

The FTIR analysis is based on the bonding 

parameters of pure quartz, where quantitative 

analysis has been reported on particles as low as 

10μg. However, interferences are possible due to 

overlapping spectral peaks at 798 cm
–1

 from the other 

phases of silica. Thus it is difficult to distinguish 

between different silica forms with FTIR at the 

particular analytical peak. Also the variation in 

particle size can result in significant error by 

reporting a comparatively lower value for the same 

mass samples that had larger particles. The technique 

of XRD relies on the well-defined diffraction pattern 

of crystalline quartz and has been shown to give 

detection levels on particles as small as 20μm. But 

again, errors can arise due to particle size variation 

and especially sample preparation. Literature has 

reported that the variation in particle size of a sample 

was shown to give comparatively larger X- ray 

intensity values for the same sample mass, when the 

particles are comparatively larger. Single particle 

studies are essential in environmental atmospheric 

chemistry, which allow identifying the various 

processes involved in the formation and evolution of 

atmospheric aerosols (Raes et al. 2000).  

 

1.6 Air Pollution in Thermal Power Plants 

The major portion of power demand in India 

is met by thermal power plants due to availability of 

fossil fuels (coal, oil, and gas). Power sector in India 

has grown at a phenomenal rate during the last four 

decades to meet the rapidly growing demand for 

electricity as a commercial fuel. Among the 

conventional means of power generation, fossil fuel 

fired thermal power plants are very significant in the 
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energy scenario of India (Chandra et al. 2003 and 

Agarwal et al. 2004). 

Thermal power plants are major sources of 

PM (SPM, PM10, and PM2.5) emissions in the 

atmosphere. Depending upon the types of fuel used 

emission of one or more of these pollutants may be of 

environmental significance. A large amount of PM as 

fly ash is emitted from coal fired plants, particularly 

if the ash content of coal is high and a fly ash 

removal unit, such as an electrostatic precipitation 

(ESP) is not used (Rao and Dubey 1990 and Agrawal 

et al. 1993).  

Fly ash contributes major proportion of 

particulate emission from thermal power plants 

(Agrawal and Singh 2000). Coal combustion in 

power stations gives rise to emissions made up of 

flue gases and particulate matter. The emissions 

depend on ash quality and combustion technology. In 

addition to the primary fly ash emission, the gases to 

particle conversion processes also give rise to 

considerable volumes of secondary pollutants 

(Shamshad et al. 2012).  

It has been established by many scientists 

that industrial activities are the main contributors for 

heavy metals in the urban atmosphere (Azimi H. 

Zhang  et al. 2005). Many studies have indicated that 

this pollution trend has been increasing as reviewed 

by Fang et al. (2004). It is also observed that ash 

particles emitted from thermal power plants show 

enrichment in several toxic elements (Roy et al. 

2012). Coal combustion can mobilize trace elements 

by introducing them to terrestrial, aquatic and 

atmospheric environment. Thus, environmental 

problems associated with thermal power plants start 

with transportation of coal from mine, feeding it to 

boiler, and the emission of flue gases (Singh 1998). 

1.7 Standard Monitoring Procedure 
Under the Air act 1981 and EPA 1986 it is necessary 

to assess the present and projected air pollution 

through continual monitoring. This programme 

instigate during 1984-85 at the national level under 

the surveillance of CPCB and National Air Quality 

Monitoring Programme (NAMP) 

 

1.7.1 National Air Quality Monitoring Programme 

The objectives of NAMP are: 

 To determine the status and trend in ambient air 

quality and effects of pollution on air quality in 

urban environment. 

 To estimate the future changes in air quality and 

to obtain the knowledge and understanding 

necessary for developing preventive and 

corrective measures; 

 To understand the natural cleansing process 

undergoing in the environment through dilution, 

dispersion, wind based movement, dry 

deposition, precipitation and chemical 

transformation of pollutants generated; 

 To ascertain whether the prescribed ambient air 

quality standards are violated; 

 To assess the likely health and damage to 

materials etc. and 

 To control and regulate from the various sources. 

Bureau of Indian Standards (2004), Air 

Quality Sectional Committee CDC 53, prepared 

series of Indian Standards relating to air pollution. 

The standard procedures for the measurement of 

pollution are given in Table 1. 

     

Table 1: Standard Procedures for the Measurement of Particulate Pollution 

Number Title 

IS : 4167 – 1980 Glossary of terms relating to air pollution 

IS : 5182 – (Part 1) 1969/83/2001 Method for measurement of air pollution. 

IS : 5182 – (Part IV) 1973/88/99 Method for measurement of air pollution (Part IV) Suspended 

matter. 

IS : 5182 – (Part XIV) 1985/2000 Method for measurement of air pollution (Part 14) Guideline for 

planning the sampling monitoring station. 

IS : 9620 – 1980 Guide for units used in air quality measurement. 

(Source: Bureau of Indian Standard 2004) 

 

1.7.2 Selection of Area and Number of Monitoring 

Stations 

Inquisition based on public complaints 

received from the locality related to air pollution and 

associated significant health problems are the prior 

concern area for air quality assessment. It is always 

convenient to collect some background information 

of the study area before setting up the monitoring 

station. This includes pollutants and sources of 

pollution, meteorological condition, topography, 

demography and existing health status of the area 

under survey. The number of sampling stations 

depends on: 

 Objectives of the monitoring 

 Total area to be covered 

 Variability of pollutant concentrations over the 

study area. 

 Population density per unit area and health 

status. 
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Common pollutants and their distribution based on 

population size as per IS: 5182 – (Part XIV) 

1985/2000 is depicted in Table 2. 

 

Table 2: Common Pollutants and their Distribution Based on Population Size 

Pollutant Population of Evaluation Area Minimum No. of AAQ Monitoring Station 

SPM( High Volume) <1,00,000 

1,00,000-10,00,000 

1000000-5000000 

>5000000 

4 

4+0.6 per 1,00,000 population 

7.5+0.25 per 1,00,000 population 

12+0.16 per 100000 population 

 

There are several other modifying factors to 

accomplish other monitoring objectives, particularly 

in relation to epidemiological studies. 

 In highly industrial zone the number of stations 

for PM must be increased. 

 In regions with irregular terrain there should be 

more number of stations. 

 

1.7.3 Selection of Monitoring Stations 

Selection of different strategic air 

monitoring stations was done as per standard siting 

criteria (IS: 5182, Part XIV) with special 

considerations on: 

 Security, physical access and availability of 

electricity 

 Area of population exposure 

 Existing meteorological parameters 

 Particular method and instrument used for 

sampling, etc. 

Representative site, Comparability, 

Topographical & Meteorological Factors and 

Physical requirement of the monitoring site are the 

major requirements that should be satisfied during the 

selection. Emphasize should also given to the 

NAAQS measurement technique for various 

pollutants, sampling frequency and duration, 

laboratory requirement, data handling and 

presentation along with quality control and quality 

assurance. It is pertinent to mention here that all the 

guidelines are prescribed for carrying out ambient air 

quality monitoring under NAMP but while dealing 

with the field condition we might compromise little 

bit with guidelines. This study has been carried out. 

1.8 Source Apportionment Study of Particulate 

Matter 

Source apportionment (SA) is a big area of 

concern in the field of atmospheric sciences today.  

This study aims to re-construct the impacts of 

emissions from different sources of atmospheric 

pollutants, e.g., particulate matter (PM), based on 

ambient data collected at monitoring sites (Watson et 

al., 2002). Among all the critiria air pollutants, 

particulate matters (SPM & RSPM) have emerged as 

the most critical one in almost all urban and industrial 

areas of India. High concentration values of SPM 

concentrations are primarily irritants but don’t have 

much relevance for direct health consequences as 

compared to the effects of its respirable fractions 

(PM10 and PM2.5). Due to this reason, the worldwide 

focus of monitoring is now increasingly being shifted 

to measurement of fine particulates (PM2.5 and even 

PM1), which can penetrate the human respiratory 

system and causes severe illness. Since 2000 the 

focus on suspended particulate monitoring has shifted 

to PM10 in India. Being a critical pollutant, PM10 has 

also been included in National Ambient Air Quality 

Standards, 2009. In view of this, the main focus of 

this study is the characterization and apportionment 

of PM10. Source apportionment study has been 

carried out in six cities in India (Delhi, Mumbai, 

Chennai, Bangalore, Pune and Kanpur) by CPCB.  

 

1.8.1 Methodology for Source Apportionment 

Study  

A source apportionment study was carried 

out in six mega cities of India by Central Pollution 

Control Board (CPCB) at 2010. The methodology 

which CPCB followed is given in Fig. 4. 
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Fig. 4: Methodology of Source Apportionment Study followed by CPCB (CPCB 2010) 

 

The CMB receptor model consists of a 

solution to linear equations that expresses each 

receptor chemical concentration as a linear sum of 

products of source profile abundances and source 

contributions (Hidy and Venkataraman 1996). The 

source profile abundances (i.e., the mass fraction of a 

chemical or other property in the emissions from 

each source type) and the receptor concentrations, 

with appropriate uncertainty estimates, serve as input 

data to CMB. The output consists of the amount 

contributed by each source type represented by a 

profile to the total mass, as well as to each chemical 

species. CMB calculates values for the contributions 

from each source and the uncertainties of those 

values. CMB is applicable to multi-species data sets, 

the most common of which are chemically-

characterized as PM10, PM2.5, and Volatile Organic 

Compounds (VOCs).  

The CMB modeling procedure requires:  

1)  identification of the contributing source types;  

2)  selection of chemical species or other properties 

to be included in the calculation;  

3)  knowledge of the fraction of each of the 

chemical species which is contained in each 

source type (source profiles); 

 4)  estimation of the uncertainty in both ambient 

concentrations and source profiles;  

5)  solution of the chemical mass balance equations. 

The CMB approach is implicit in all factor 

analysis and multiple linear regression models that 

intend to quantitatively estimate source contributions 

(Watson 1994). These models attempt to derive 

source profiles from the cooperation in space and/or 

time of many different samples of atmospheric 

constituents that originate in different sources. These 

profiles are then used in a CMB solution to quantify 

source contributions to each ambient sample. 

CMB model assumptions are:  

1)  compositions of source emissions are constant 

over the period of ambient and source sampling; 

 2)  chemical species do not react with each other; 

 3)  all sources with a potential for contributing to the 

receptor have been identified and have had their 

emissions characterized; 

 4)  the number of sources or source categories is less 

than or equal to the number of species; 

 5)  the source profiles are linearly independent of 

each other;  

6)  measurement uncertainties are random, 

uncorrelated, and normally distributed. 

The degree to which these assumptions are 

met in applications depends to a large extent on the 

particle and gas properties measured at the source 

and receptor. CMB performance is examined 

generically by applying analytical and randomized 

testing methods and specifically for each application 

by following an application and validation protocol. 

Major Components 

Quantification of Emission loads from 

Point, Area & Line Sources within the 

Receptors Impact Zone 

Emission Inventory Ambient Air Quality Monitoring  

Criteria 

Pollutants 

Point Sources Area Sources Line Sources 

Chemical 

Specification 

Major 

Industries 

Domestic & 

Other 

Sources/ 

Activities 

Receptor 

Modeling 

Source Apportionment 

Specific 

Pollutants 

SPM, 

PM10/RSPM 

PM2.5, SO2, 

NOx, CO, O3 

NMHC, HC, 

VOCs, 

Aldehydes, 

PAH 

Different 

Categories viz., 

Fuel type, Age, 

Vehicle 

Technology 

As per the Monitoring 

Schedule Percentage Contribution to 

Air Quality by different 

types of Resources 

CMB 

Factor Analysis 

Projections on Air Quality Improvement under Different Emission 

Scenarios/ Management Options through Modeling (ISCST3) 
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The six assumptions are fairly restrictive and they 

will never be totally complied with in actual practice. 

Fortunately, CMB can tolerate reasonable deviations 

from these assumptions, though these deviations 

increase the stated uncertainties of the source 

contribution estimates (Balachandram et al 2012). 

In India major sources of urban air pollution 

include coal combustion, oil refineries and industrial 

manufacturing facilities (Murray et al. 2001). 

However, automobile exhaust, emission from small-

scale workshop and soil derived aerosols are 

considered as other important contributing sources 

(Dubey and Pervez 2008). Therefore, it is essential to 

delineate the contributing airborne particulate sources 

in view of environmental quality management and 

human health perspectives. Also the application of 

effective abatement strategies to reduce PM levels is 

only possible when the emission sources have been 

uniquely identified and characterized (Viana et al. 

2006).  

There are several types of multivariate 

receptor models used in the source apportionment 

studies (Henry et al. 1984). Factor Analysis (FA) and 

Principal Component Analysis (PCA) are commonly 

used receptor techniques, that can lead to the 

identification of the sources and they cannot directly 

provide the quantitative estimation of the sources. 

Multivariate factor analysis was adopted to help 

identification of dominant source categories (Wang et 

al. 2008) and the results obtained by Varimax rotated 

factor analysis for coarse and fine particles. Principal 

Component Analysis (PCA) allows a better 

interpretation and assessment of the inter-relations of 

the set of data under study (Zunckel et al. 2003 and 

Wahid et al. 2013). The correlation coefficient 

matrix, factor loading and scores obtained from 

factor analysis are utilized to draw inferences about 

artificial and natural occurrence of the various trace 

elements (Shi et al. 2011).  

Metallic elements originate from different 

anthropogenic sources and are associated with 

different particles fractions. Those emitted during the 

burning of fossil fuels (V, Co, Mo, Pb Ni and Cr) 

(Lin et al. 2005) were mostly associated with 

particles smaller than PM2.5. As, Cr, Cu, Mn and Zn 

are released into the atmosphere by metallurgical 

industries (Alastuey et al. 2006), and traffic pollution 

involves a wide range of trace element emissions that 

include Fe, Ba, Pb,Cu, Zn, and Cd  (Birmili et al. 

2006), which may be associated with the fine and 

coarse particles. 

However, the evidence about particle 

sources leading to the observed adverse effects is still 

limited. Many studies so far have been done in India 

and abroad on the trace element concentration of 

urban aerosols and attempts were made to identify 

the source of trace elements through factor analysis 

(Fergusson and Kim 1991) but very little work has 

been carried out on the elemental compositions of 

aerosol in the mining areas. Several studies on the 

stack emissions, dispersion, and the source 

apportionment of particulate matter have been 

conducted (Costillo 2013). Only few studies have 

investigated the health effects of source-specific PM 

(Mar et al. 2006). 

Singh and Sharma (1992) observed that in 

an urban atmosphere 80-90% of the mass of aerosol 

was inorganic and 10-20% was organic. In the 

inorganic fraction elements remained in the form of 

ions such as sulphate, nitrate and ammonium. 

Elements like Aluminium (Al), Silica (Si), Potassium 

(K), Calcium (Ca), Iron (Fe), Magnesium (Mg), 

Sodium (Na), Chlorine (Cl), Bromine (Br), Lead 

(Pb), Zinc (Zn), Copper (Cu), and Manganese (Mn) 

are found in abundance and many of them are in the 

form of oxides. The elements like Nickel (Ni), 

Cadmium (Cd), Chromium (Cr), Mercury (Hg), 

Arsenic (As), Cobalt (Co), and Vanadium (V) are 

released into atmosphere during high temperature 

process. A prominent origin for trace elements is the 

weathering of rocks. 

Similarly, as per Fernandez-Camachoa et al. 

(2012) main source of Pb emissions were burning of 

lead containing products like batteries and plastics in 

incineration. It was also produced by combustion of 

leaded petroleum. Sources for Hg were electrical 

apparatus Industries (mercury battery cells; 

fluorescent bulbs, switches etc.), chlor alkali 

industry, pulp and paper, mining and smelting 

industry (where vapour of Hg loss take place), 

refining of other metallic ores, fuel (coal, oil) 

burning, etc. Major sources of Cd in the atmosphere 

were primary non ferrous metals production (e.g., 

zinc operation, copper smelting, lead smelting, and 

cadmium extraction), secondary non ferrous metals, 

iron and steel production, industrial applications 

(electroplating, pigment, plastic, alloys and batteries) 

and inadvertent sources (coal combustion, oil 

combustion, wood combustion, waste incineration, 

rubber tyre wear, phosphate fertilizers, etc.).  

Dubey (2010-2011) based on his 

investigation in Jharia Coalfield using factor analysis 

observed that three factors account for 100% of the 

variance. In the first factor which was 40% of the 

total variance a high loading from Pb, Cu and Ni 

were observed. 

Similarly, Sharma (1991) observed that in 

Raniganj Coalfield the sources were wind borne 

soil/coal (Fe, Mn, Zn) coal burning activities (Cr, 

Mn, Fe, Pb) iron and steel works (Cr), refuse 

incinerator (Zn) and vehicular exhausts (Pb). 

Another study in Jharia coalfield, carried out 

by Sinha and Banerjee (1997) indicated five major 

sources that appeared to have contributed trace 
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elements of the total particulate load. These were 

wind borne soil/coal (SPM, Fe, Co, Mg), vehicle 

exhaust (Pb), metallic corrosion (Cu, Ni), tire wear 

(Mn and Cr) and galvanized material, tyre wear, and 

zinc compound in rubber material (Zn). Sadasivan 

and Negi (1990) concluded in their study that Pb, Zn, 

As and Mn have linkage to combustion sources 

whereas Al, Si, K and Co have linkage with soil 

origin.  

In order to establish the combined effect of 

the heavy metals on air pollution, principal 

component analysis (PCA) as a multivariate analysis 

was used (Statheropoulos et al. 1998). PCA, oldest 

among the multivariate analysis is widely used for 

source apportionment studies (Fang et al. 2004). 

Basically it is an exploratory tool to identify the 

major sources of aerosol emissions and to statistically 

select independent source tracers. 

 

1.9 Effect of Air Borne Particles  

The health effects of particulates are 

strongly linked to particle size. Small particles, such 

as those from fossil fuel combustion, are likely to be 

most dangerous, because they can be inhaled deeply 

into the lungs, settling in areas where the body's 

natural clearance mechanisms can't remove them. 

The constituents in small particulates also tend to be 

more chemically active and may be acidic as well and 

therefore more damaging (Lin et al. 2005). 

It is well known that the health effects 

associated with the airborne particles are dependent 

on their toxicity. The extent to which air borne 

particles penetrate into the human respiratory system 

is mainly determined by the size of the penetrating 

particles (Balachandran et al. 2000). There are 

several epidemiological studies present in the 

literature (Dockery 1993; Harrison and Yin 2000), 

which have demonstrated a direct association 

between atmospheric inhalable particulate matter and 

respiratory diseases, pulmonary damage, and 

mortality especially in the urban areas. Exposure to 

elevated levels of PM increases the rate of respiratory 

problems, hospitalizations due to lung or heart 

disease, and premature death (Asgharian et al. 2001 

and Dominici et al. 2006). Fuel combustion, 

industries, and power plants are the main sources of 

particles in urban and industrialized areas. Depending 

upon the atmospheric conditions, the health risks can 

be aggravated (Zhang et al. 2007). 

In several studies it was found that the 

existence of fine particles in the air is associated with 

cardio vascular diseases and mortality (Sunyer et al. 

2006). In particular, fine particles (PM2.5 and PM1.0 

fractions with aerodynamic diameter less than 2.5 μm 

and 1.0 μm, respectively) have a strong correlation 

with morbidity and/or mortality due to pulmonary 

and cardiac disease (Samet et al. 2000 and Pope et al. 

2002). Fine particles can penetrate the human 

respiratory tract and lungs, and several 

epidemiological studies have reported a link between 

elevated particle concentration and increased 

mortality and morbidity (Wilson and Suh 1997). 

Hospital admissions indicating the number of patients 

admitted into hospitals are a marker for an adverse 

health event (Delfino et al. 2004). Moreover, these 

particles may have wide-ranging potential effects on 

agricultural and natural ecosystems, and they may 

reduce visibility affecting transportation safety and 

aesthetics (Yuan et al. 2007). 

Numerous studies associate particulate 

pollution with acute changes in lung function and 

respiratory illness (U.S. Environmental Protection 

Agency (USEPA) 1998) resulting in increased 

hospital admissions for respiratory disease and heart 

disease, school and job absences from respiratory 

infections, or aggravation of chronic conditions such 

as asthma and bronchitis. But the more demonstrative 

and sometimes controversial evidence comes from a 

number of recent epidemiological studies. Many of 

these studies have linked short-term increase in 

particulate levels, such as the ones that occur during 

pollution episodes, with immediate (within 24 hours) 

increases in mortality. This pollution-induced spike 

in the death rate ranges from 2 to 8 percent for every 

50-μg/m
3
 increase in particulate levels.  

A focus on the occupational hazards and 

overall condition prevailing in Indian coalmines are 

felt to be important. Simple Coal Workers’ 

Pneumoconiosis (SCWP) and Progressive Massive 

Fibrosis (PMF) are the major occupational 

respiratory diseases of coal miners caused due to 

exposure to respirable dust generated during various 

mining operations. The concentration of respirable 

coal dust, the period of exposure and free silica 

content are important factors associated with 

pneumoconiosis risks. Assessment of respirable dust 

in coalmines and its control are of primary 

importance to undertake preventive measures. 

Several epidemiological studies conducted 

in different countries reported a reducing trend of 

pneumoconiosis mortality since last two decades due 

to gradual reduction in dust levels at work faces 

through stringent control measures (Ostro 1993 and 

Health Effects Institute (HEI) 1995). There are 

number of scattered studies reported in Indian 

coalmines by different agencies and the prevalence of 

the disease varied widely from one another to draw 

any definite conclusion on the prevalence, 

distribution and determinants of the disease 

(Bertollini et al. 1996). Roy (1956) first reported 

pneumoconiosis cases in bituminous coal mines of 

Madhya Pradesh prior to that it were presumed 

occupational diseases like silicosis, pneumoconiosis 

were not properly diagnosed in India. 
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During major pollution events, such as those 

involving a 200-μg increase in particulate levels, an 

expert panel at the World Health Organization 

(WHO) estimated that daily mortality rates could 

increase as much as 20 percent (Op. cit. 4, pp. v-18). 

In the aggregate, pollution-related effects like these 

can have a significant impact on community health. 

WHO estimated that short-term pollution episodes 

accounted for 7 to 10 percent of all lower respiratory 

illnesses in children, with the number rising to 21 

percent in the most polluted cities. Furthermore, 0.6 

to 1.6 percent of deaths were attributable to short-

term pollution events, climbing to 3.4 percent in the 

cities with the dirtiest air (Bertollini et al. 1996).  

Health effects are not only restricted to 

occasional episodes when pollutant levels are 

particularly high. Numerous studies suggest that 

health effects can occur at particulate levels that are 

at or below the levels permitted under national and 

international air quality standards. In fact, according 

to WHO and other organizations, no evidence so far 

shows that there is a threshold below which particle 

pollution does not induce some adverse health 

effects, especially for the more susceptible 

populations ( Op. cit. 5, p. 14.,  Op. cit. 1, p. 11). 

Therefore, the estimation of the levels of respirable 

particulate and its major toxic constituent present in 

the urban atmosphere is a prime requirement of 

epidemiological investigation, air quality 

management, and air pollution abatement (Chow et 

al. 1992 and Querol et al. 2002). This situation still 

has prompted a vigorous debate about whether 

current air quality standards are sufficient to protect 

public health. 

 

References 
[1] Abernathy, C. (2001). “Exposure and Health 

Effects.” United States Environmental 

Protection Agency, Washington, DC, USA. 

Chapter 3. <http://www.who.int> (Oct.12, 

2013). 

[2] Agrawal, R., Imielinski, T., and Swami, 

A.N. (1993). Mining association rules 

between sets of items in large databases. In 

Proceedings of the 1993 ACM SIGMOD 

International Conference on Management of 

Data, P. Buneman and S. Jajodia, Eds. 

Washington, D.C., 207-216. 

[3] Agrawal, S.B., Singh, A., and Bhat, M.M. 

(2004). “Impact of fly ash amendment on 

seed germination, growth and yield of Vigna 

mungo L.” Asian Journal of Microbiol. 

Biotech. Environ. Sci., 6, 421–426. 

[4] Alastuey, A., Sanchez, de la C.A., Querol, 

X., Rosa, J., Plana, F., Mantilla, E., Viana, 

M., Ruiz, C.R., and Garcia dos Santos, S. 

(2006). “Identification and chemical 

characterization of industrial PM sources in 

SW Spain.” Journal of Air and Waste 

Management Association. 56, 993-1006. 

[5] Alias, M., Hamzah, Z. and Kenn, L.S. 

(2007). “PM10 and Total suspended 

particulates  (TSP) measurements in various 

power stations.” The Malayasian Journal of 

Analytical Sciences, 11, 255-261. 

[6] Aneja, V. P., Isherwood, A., and Margan, P. 

(2012). “Characterization of Particulate 

Matter (PM10) related to surface coal mining 

operations in Appalachia.” Atmospheric 

Environment, 54, 496-501. 

[7] Arnesen, A.K.M., and Krogstad, T. (1998). 

“Sorption and desorption of fluoride in soil 

polluted from the aluminium smelter at 

Årdal (Western Norway).” Water Air Soil 

Pollution, 103, 357-73. 

[8] Asgharian, B, Hofmann, W, and Bergmann, 

R. (2001b). “Particle deposition in a 

multiple-path model of the human lung.” 

Aerosol Science and Technology, 33, 332–

339. 

[9] Automotive Research Association of India, 

CPCB/MoEF (2007). EF development for 

Indian Vehicles, as a part of Ambient Air 

Quality Monitoring and Emission Source 

Apportionment Studies. AFL/2006-

07/IOCL/Emission Factor Project/Final Rep. 

http://www.cpcb.nic.in/DRAFTREPORT-

on-efdiv.pdf.  

[10] Azad, A.K., and Kitada, T. (1998). 

“Characteristics of the air pollution in the 

city of Dhaka, Bangladesh in winter.” 

Atmospheric Environment, 32, 1991– 2005.  

[11] Azimi, S., Rocher, V., Muller, M., 

Moilleron, R., and Thevenot, D.R. (2005). 

“Sources, distribution and variability of 

hydrocarbons and metals in atmospheric 

deposition in an urban area.” Science of the 

Total Environment, 337, 223-39. 

[12] Balachandran, S., Meena, B.R., and 

Khillare, P.S. (2000). “Particle size 

distribution and its elemental composition in 

the ambient air of Delhi.” Environment 

International, 26, 49–54. 

[13] Balachandran, S., Pachon, J.E., Hu, Y., Lee, 

D., Mulholland, A.J., and Russell, A.G. 

(2012). “Esemble-trained source 

apportionment of fine particulate matter and 

method uncertainity analysis.” Atmospheric 

Environment, 61, 387-394. 

[14] Bart O. (1993). “The Association of Air 

Pollution and Mortality: Examining the Case 

for Inference.” Archives of Environmental 

Health, 48, 336-341. 



Debananda Roy et al Int. Journal of Engineering Research and Applications                www.ijera.com 

ISSN : 2248-9622, Vol. 4, Issue 4( Version 1), April 2014, pp.97-113 

 

 
www.ijera.com                                                                                                                              109 | P a g e  

[15] Begum, B.A., Kim, E., Biswas, S.K., Hopke, 

P.K. (2004). “Investigation of sources of 

atmospheric aerosol at urban and semi-urban 

areas in Bangladesh.” Atmospheric 

Environment, 38, 3025–3038.  

[16] Bertollini, R., Dora, C., Krzysanowski, M., 

and Stanners, D. (1996). Environnent and 

Heath 1. Overview and Main Europian 

Issues. WHO Regional Publications, 

European Series, No. 68. EEA 

Environmental Monograph, No. 2. 

Copenhagen. WHO Regional Office for 

Europe.  

[17] Birmili, W., Allen, A.G., Bary, F., and 

Harrison, R.M. (2006). “Trace metal 

concentrations and water solubility in size-

fractionated atmospheric particles and 

influence of road traffic.” Environmental 

Science and Technology, 40, 1144–1153. 

[18] Cachier, H., Aulagnier, F., Sarda, R., 

Gautier, F., Masclet, P., Besombes, J.-L., 

Marchand, N., Despiau, S., Croci, D., 

Mallet, M., Laj, P., Marinoni, A., Deveau, P. 

A., Roger, J.C., Putuad, J.P., Dingenen, 

R.V., Acqua, A.D., Viidanoja, J., Santos, 

S.M.-D., Liousse, C., Cousin, F., Rosset, R., 

Gardrat, E., and Lacaux, C.G. (2005). 

“Aerosol studies during the ESCOMPTE 

experiment: an overview.” Atmospheric 

Research, 74, 547– 563. 

[19] Castillo, S., Rosa J.D., Compa S.B., 

Ganzalez-Castanedo Y., Fermandez-Caliani 

J.C., Gonzalez I., and Romero, A. (2013). 

“Contribution of mine wastes to atmospheric 

metal deposition in the surrounding area of 

an abandoned heavily polluted mining 

district (Rio Tinto mines, Spain).” Science 

of The Total Environment, 449, 363-372.   

[20] Central Pollution Control Board, Delhi, 

India (2010). Air quality monitoring, 

Emission Inventory and source 

apportionment study for Indian Cities – 

National Summary Report. 

http://moef.nic.in/downloads/public-

information/Rpt-air-monitoring-17-01-

2011.pdf . 

[21] Chandra, H., Chandra, A., and Kaushik, S.C. 

(2003). Cogeneration: Environmentally 

Sound Energy Efficient Technology. 

Proceeding of National Seminar on Clean 

Coal Technologies for Sustainable Power 

Development, Power System Training 

Institute, Bangalore, India. February 14-15, 

2003.  

[22] Chow, J.C., Watson, J.G., Green, M.C., 

Lowenthal, D.H., DuBois, D.W., Kohl, S.D., 

Egami, R.T., Gillies, J., Rogers, C.F., 

Frazier, C.A., Cates and W. Middle. (1999). 

“A neighborhood-scale variations of PM10 

source contributions in Las Vegas, Nevada.” 

Journal of Air and Waste Management 

Association, 49, 641-654. 

[23] Costa, D.L., and Dreher, K.L. (1997). “Bio 

available transition metals in particulate 

matter mediate cardiopulmonary injury in 

healthy and compromised animal models.” 

Environmental Health Perspectives, 105, 

1053-1060. 

[24] Delfino, R.J., Quintana, P.J.E., Floro, J., 

Gastañaga, V.M., Samimi B., and Kleinman, 

M.T. (2004). “Association of FEV1 in 

asthmatic children with personal and 

microenvironmental exposure to airborne 

particulate matter.” Environ Health 

Perspect, 112, 932–941. 

[25] Dockery, D.W., and Pope III, C.A. (1994). 

“Acute respiratory effects of particulate air 

pollution.” Annual Review of Public Health, 

15, 107–132. 

[26] Dockery, D.W., Pope, C.A., Xu, X., 

Spengler, J.D., Ware, J.H., Fay, M.E., 

Ferris, B.G., and Speizer, F.E. (1993). “An 

association between air pollution and 

mortality in six U.S. cities.” New England 

Journal of Medicine, 329, 1753–1759. 

[27] Dominici, F., Peng, R.D., Bell, M.L., Pham, 

L., McDermott, A., Zeger, S.L., and Samet, 

J.M. (2006). “Fine particulate air pollution 

and hospital admission for cardiovascular 

and respiratory diseases.” Journal of 

the American Medical Association, 295, 

1127–1134. 

[28] Dordevic, D., Vukmirovic, Z., Tosic, I., and 

Unkasevic, M. (2004). “Contribution of dust 

transport and re-suspension to particulate 

matter levels in the Mediterranean 

atmosphere.” Atmospheric  Environment, 

38, 3637–3645. 

[29] Dubey, B. (2012). “An Investigation into 

Air Quality Status of Jharia Coalfield of 

India.” Ph.D. Thesis, ISM, Dhanbad, India 

(unpublished). 

[30] Dubey, B., Pal, A.K. and Singh, G. (2011). 

“Status of Particulate Matter in Dhanbad 

Region, Jharkhand State of India.” Global 

Journal of Applied Environmental Sciences, 

1, 153-159. 

[31] Dubey, B., Pal, A.K., and Singh, G. (2011). 

“Impact of coal mining activities of jharia 

coalfield on air environment.” International 

journal of Eco. Env. & Cons.17 (2):2011; 

pp.231-238. 

[32] Dubey, B., Singh, G., and Pal, A.K. (2011). 

“Source identification of trace elements in 



Debananda Roy et al Int. Journal of Engineering Research and Applications                www.ijera.com 

ISSN : 2248-9622, Vol. 4, Issue 4( Version 1), April 2014, pp.97-113 

 

 
www.ijera.com                                                                                                                              110 | P a g e  

PM10 from coal mining areas of Jharia 

coalfield, Eastern India, Indian.” Journal of 

Air Pollution Control, 1, 86-91. 

[33] Dubey, N., and Pervez, S. (2008). 

“Investigation of variation in ambient PM10 

levels within an urban-industrial 

environment.” Aerosol Air Quality 

Research, 8, 54-64. 

[34] Fang, G.C., Chang, C.N., Wu, Y.S., Chen, 

M.H., Ho, T.T., and Huang, S.H. (2004). “A 

study of metallic elements at suburban and 

industrial regions in Central Taiwan during 

2002–2003.” Atmospheric Research, 70, 

131–142. 

[35] Fang, G.C., Yuh-Shen, W., Shih-Han, H., 

and Jui-Yeh, R. (2005). “Review of 

atmospheric metallic elements in Asia 

during 2000–2004.” Atmospheric 

Environment, 39, 3003–3013. 

[36] Fergusson, J. E., and Kim, N. D. (1991). 

“Trace elements in street and house dusts: 

sources and speciation.” The Science of the 

Total Environment, 100, 125-150. 

[37] Fernandez-Camachoa R., Rodriguez S., 

Rosaa, de la J., Campaa, A.M., Sanchez, de 

la, Alastueyc A., Querol X., Gonzalez-

Castanedoa Y., Garcia-Orellana I., and Nava 

S. (2012). “Ultrafine particle and fine trace 

metal (As, Cd, Cu, Pb and Zn) pollution 

episodes induced by industrial emissions in 

Huelva, SW Spain.” Atmospheric 

Environment, 30, 1-11. 

[38] Gao, Z., Chen, Y., Randlett, M.D., Zhao, X., 

Findell, J.L., Kieber J.J., Schaller G.E. 

(2003). “Localization of the Raf-like kinase 

CTR1 to the endoplasmic reticulum 

of Arabidopsis through participation in 

ethylene receptor signaling 

complexes.” Journal of Biology Chemistry, 

278, 34725-34732. 

[39] Ghose,  M. K., and Banerjee, S. K. (1995). 

“Status of air pollution caused by coal 

washery project in India.” Environmental 

Monitoring and Assessment, 39, 97-105. 

[40] Ghose,  M. K., and Banerjee, S. K. (1997). 

“Physico-chemical characteristics of the air 

borne dust emitted by coal washeries.” 

Energy Environment Monitor, 13, 11-16. 

[41] Ghose, M. K., and Sinha, D. K. (1990). Air 

pollution control plan in coal mining areas 

Indian Journal of Environmental Protection, 

10, 752-757. 

[42] Ghose, M.K. and Majee, S.R. (2000). 

“Assessment of dust generation due to 

opencast coal mining–an Indian case 

study.” Environmental Monitoring and 

Assessment, 61, 255-263. 

[43] Ghose, M.K. and Majee, S.R. (2000). 

“Source of air pollution due to coal mining 

and their impacts in Jharia coalfield.” 

Environmental International, 26, 81-85. 

[44] Haidouti, C., Chronopoulou, A., and 

Chronopoulos, J. (1993). “Effects of fluoride 

emissions from industry on the fluoride 

concentration of soils and vegetation.” 

Biochemical Systematics and Ecology, 21, 

195–208. 

[45] Hall D.J., Upton S. L., and Marsland G. W. 

(1993). Improvement in dust gauge design. 

In: Couling, S. (Ed.), Measurements of 

Airborne pollutants. Butterworth-

Heinemann, London.  

[46] Harrison, R.M.,and Yin, J. (2000). “Particul

ate matter in the atmosphere: which particle 

properties are important for its effects on he

alth?” The Science of the Total Environment

, 249, 85‐101. 

[47] Health Effects Institute (HEI) (1995). 

Particulate Air Pollution and Daily 

Mortality: Replication and Validation of 

Selected Studies (HEI, Cambridge, MA, 

1995), 4. 

[48] HEI (Health Effects Institute) 

(2002).Understanding the health effects of 

components of particulate matter mix: 

progress and next steps, HEI perspectives. 

[49] HEI (Health Effects Institute) 

(2003). Revised Analyses of Time-Series 

Studies of Air Pollution and Health. Special 

Report. Boston, MA: 2003. 

[50] Henry, R.C., Lewis, C.H., Hopke, P.K., and 

Williamson, H.J. (1984). “Review of 

receptor model fundamentals.” Atmospheric 

Environment, 18, 1507-1515. 

[51] Hidy, G.M., and Venkataraman, C. (1996). 

“The Chemical Mass Balance Method for 

Estimating Atmospheric Particle Sources in 

Southern California.” Chemical Engineering 

Communications , 151, 187-209. 

[52] Hinz, K.P., Trimborn, A., Weingartner, E., 

Henning, S., Baltensperger, U., and 

Spengler, B. (2005). “Aerosol single particle 

composition at the Jungfraujoch.” Journal of 

Aerosol Science, 36, 123–145. 

[53] Huang, C., Chen, C.H., Li, L., Cheng, Z., 

Wang, H.L., Huang, H.Y., Streets, D.G., 

Wang, Y.J., Zhang, G.F., and Chen, Y.R. 

(2011). “Emission inventory of 

anthropogenic air pollutants and VOC 

species in the Yangtze River Delta region, 

China.” Atmospheric Chemistry and Physic, 

11, 40105-40120.    

[54] Huertas, J. I., Huertas, M. E., and Solis, D. 

A. (2012). “Characterization of airborne 



Debananda Roy et al Int. Journal of Engineering Research and Applications                www.ijera.com 

ISSN : 2248-9622, Vol. 4, Issue 4( Version 1), April 2014, pp.97-113 

 

 
www.ijera.com                                                                                                                              111 | P a g e  

particulates in an open pit mining region.” 

Science of The Total Environment, 423, 39-

46. 

[55] Huertas, J. I., Huertas, M. E., Izquierdo, S., 

and Gonzalez, E.D. (2012). “Air quality 

impact assessment of multiple open pit coal 

mining in Northern Colombia.” Journal of 

Environmental Management, 93, 121-129. 

[56] Hung, H., MacLeod, M., Guardans, R., 

Scheringer, M., Barra, R., Harner, T., and 

Zhang, G. (2013). “Toward the next 

generation of air quality monitoring: 

Persistent organic pollutants.” Atmospheric 

Environment, 80, 591-598. 

[57] Indian Bureau of Mines (2012). Indian 

Minerals Yearbook 2011. 

<http://www.ibm.gov.in> (Oct. 10, 2013). 

[58] Krishnamurthy, N., and Gupta, C.K. (2005). 

Extractive Metallurgy of Rare Earths. CRC 

Press (Printed in the United States of 

America) <http//www.crcpress.com> (Oct. 

10, 2013). 

[59] Lee, J. H., Hopke, P. K., and Turner, J. R. 

(2006). “Source identification of airborne 

PM2.5 at the St. Louis-Midwest Supersite.” 

Geophysical Research, 111, 1325-1341. 

[60] Lin, C., Chen, S., and Huang, K. (2005). 

“Characteristics of metals in nao/ 

ultrafine/fine/coarse particles collected 

beside a heavily trafficked road.” 

Environmental Science and Technology, 39, 

8113–8122. 

[61] Mar, T.F., Ito, K., Koenig, J.Q., Larson, 

T.V., Eatough, D.J., Henry, R.C., Kim, E., 

Laden, F., Lall, R., Neas, L., Stölzel, M., 

Paatero, P., Hopke, P.K., and Thurston, G.D. 

(2006). “PM source apportionment and 

health effects. 3. Investigation of inter-

method variations in associations between 

estimated source contributions of PM2.5 and 

daily mortality in Phoenix, AZ.” Journal of 

Exposure Science and Environmental 

Epidemiology, 16, 311–320.  

[62] Massey, D. D., Kulshrestha, A., and Taneja, 

A. (2013). “Particulate matter concentrations 

and their related metal toxicity in rural 

residential environment of semi-arid region 

of India.” Atmospheric Environment, 67, 

278-286. 

[63] Moorcroft, J.S., and Laxen, D.P.H. (1990). 

“Assessment of Dust Nuisance.” 

Environmental Health, 22, 215-216. 

[64] Murray, F., Mc.Granahan, G., and 

Kuylenstierna, J.C.I. (2001). “Assessing 

Health Effects of Air pollution on 

Developing Countries.” Water, Air and Soil 

Pollution, 130, 1799-1804. 

[65] Nriagu, J.O. (1996). Environmental pressure 

indices due to heavy metal pollution. 

European Economic Community Handbook, 

Brussels, Belgium, in preparation. 

[66] Organiscak, J.A., and Reed, W.R. (2004). 

“Characteristics of fugitive dust generated 

from unpaved mine haulage roads,” 

International Journal of Surface Mining, 

Reclamation, and Environment, 18, 236-

252. 

[67] Ostro, B, Lipsett, M.J., Mann, J.K., 

Krupnick, A., and Harrington, W. (1993). 

“Air pollution and respiratory morbidity 

among adults in Southern California.” 

American Journal of Epidemiology, 137, 

691-700. 

[68] Pope, C.A.III., Burnett, R.T., Thun, M.J., 

Calle, E.E., Krewski, D., Ito, K., and 

Thurston, G.D. (2002). “Lung cancer, 

cardiopulmonary mortality, and long-term 

exposure to fine particulate air pollution.” 

Journal of American Medical Association, 

287, 1132-1141. 

[69] Prabha, J., Singh, G., and Sinha, I.N. (2006). 

“Emission Factor Equation for Haul Roads: 

The Indian Perspective.” Indian Journal of 

Air Pollution Control, 1, 37-43. 

[70] Querol, X., Alastuey, A., Rosa, J., Sánchez 

de la Campa, A., Plana, F., and Ruiz, C. 

(2002). “Source apportionment analysis of 

atmospheric particulates in an industrialised 

urban site in southwestern Spain.” 

Atmospheric Environment, 36, 3113–3125. 

[71] Rao, M.V. and Dubey, P.S. (1990). 

“Biochemical aspects (antioxidants) for 

development of tolerance in plants growing 

at different low levels of ambient air 

pollutants.” Environmental Pollution, 64, 

55–66. 

[72] Rao, S., Ku, J., Berman, S., Zhang, D., and 

Mao, H. (2003). “Summertime 

characteristics of the atmospheric boundary 

layer and relationships to ozone levels over 

the eastern United States.” Pure Applied 

Geophysics, 160, 21-55. 

[73] Roy, P., Sikdar, P. K., Singh, G., and Pal, 

A.K. (2012). “Source apportionment of 

ambient PM10. A cas study from a mining 

belt of Orissa.” Atmosfera, 25, 311-324. 

[74] Sadasivan, S., and Negi, B. S. (1990). 

“Elemental characterisation of atmospheric 

aerosols.” The Science of the Total 

Environment, 96, 269-279. 

[75] Sahu, S.K., Beig, G. and Parkhi, N.S. 

(2011). “Emission inventory of 

anthropogenic PM2.5 and PM10 in Delhi 



Debananda Roy et al Int. Journal of Engineering Research and Applications                www.ijera.com 

ISSN : 2248-9622, Vol. 4, Issue 4( Version 1), April 2014, pp.97-113 

 

 
www.ijera.com                                                                                                                              112 | P a g e  

during Commonwealth Games 2010.” 

Atmospheric Environment, 45, 6180-6190. 

[76] Salam, A., Bauer, H., Kassin, K., Ullah, 

S.M., and Puxbaum, H. (2003). “Aerosol 

chemical characteristics of a mega-city in 

Southeast Asia (Dhaka, Bangladesh).” 

Atmospheric Environment, 37, 2517–2528.  

[77] Samet, J.M., Dominici, F., Curriero, F.C., 

Coursac, I., and Zeger S.L. (2000a). “Fine 

particulate air pollution and mortality in 20 

U.S. cities, 1987–1994.”  New England 

Journal of Medicine, 343, 1742–1749. 

[78] Shamshad, A., Fulekar, M. H., and 

Bhawana, P. (2012). “Impact of Coal Based 

Thermal Power Plant an Environment and 

its Mitigation Measure.” International 

Research Journal of Environmental 

Sciences, 1, 60-64.  

[79] Shi, G. L., Zeng, F., Li, X., Feng, Y. C., 

Wang, Y. Q., Liu, G. X., and Zhu, T. (2011). 

“Estimated Contributions and uncertainties 

of PCA/MLR-CMB results: Source 

apportionment for synthetic and ambient 

datasets.” Atmospheric Environment, 17, 

363-372. 

[80] Singh, G., and Sharma, P.K. (1992). 

“Ambient air quality status in certain coal 

mining areas of Raniganj coalfield.” Energy 

Environment Monitor, 7, 56-65. 

[81] Singh, S. (1998). “Environmental Issues in 

the Energy Sectors”. Proceeding of Energy 

Growth and Sustainability, Indian National 

Academy of Engineering. 285-305. 

[82] Sinha, S. &. Banerjee, S.P. (1997). 

“Characterisation of haul road in Indian 

open cast iron ore mine.” Atmospheric 

Environment, 31, 2809–2814.  

[83] Statheropoulos, M., Vassiliadis, N., and 

Pappa, A. (1998). “Principal component and 

conanical correlation analysis for examining 

air pollution and meteorological data.” 

Atmospheric Environment, 32, 1087–1095. 

[84] Stevens, D.P., McLaughlin, M.J., and 

Alston, A.M. (1997). “Phytotoxicity of 

aluminium fluoride complexes and their 

uptake from solution culture by Avena 

sativa and Lycopersicum esculentum.” Plant 

Soil. 192, 81-93. 

[85] Stone, E.A., Yoon, S. and Schauer, J.J. 

(2011). “Chemical Characterization of Fine 

and Coarse Particles in Gosan, Korea during 

Springtime Dust Events.” Aerosol Air 

Quality Research, 11, 31-43. 

[86]  Sunyer J., Jarvis D., Gotschi 

., Garcia‐Esteban R., Jacquemin 

B., Aguilera I., Ackerman U.,  Marco R. de, 

Forsberg B., Gislason T., Heinrich 

J., Norback D., Villani S., and  Kunzli N. 

(2006). “Chronic bronchitis and urban air 

pollution in an international study.” 

Occupational and Environmental 

Medicine, 63, 836–843. 

[87] Tripathi, B.D., Chaturvedi, S.S. and 

Tripathi, R.D. (1996). “Seasonal Variation 

in Ambient Air Concentration of Nitrate and 

Sulphate Aerosols in a Tropical City, 

Varanasi.” Atmospheric Environment, 30, 

2773–2778.  

[88] US Environment Protection Agency (1998). 

Compilation of Air Pollutant EFs: Stationary 

Point and Area Sources, External 

combustion sources: bituminous and sub-

bituminous coal combustion Final section. 

AP 42, Fifth Ed. 1. 

[89] Viana, M., Querol, X., Alastuey, A., Gil,I., 

and Menendez, M. (2006). “Identification of 

PM sources by principal component analysis 

(PCA) coupled with wind direction data.” 

Chemosphere, 65, 2411-2418. 

[90] Wahid, N. B. A, Latif, M. T. and Suratman, 

S. (2013). “Composition and source 

apportionment of surfactants in Malayia.” 

Chemosphere, 91, 1508-1516. 

[91] Wanquan, T., and Wang, T. (2004), 

“Gaseous and particulate air pollution in the 

Lanzhou Valley, China.” Science of the 

Total Environment, 320,163-176. 

[92] Watson, W. E., Johnson, L. and Zgourides, 

G.D. (2002). “The influence of ethnic 

diversity on leadership, group process, and 

performance: An examination of learning 

teams.” International Journal of Intercultural 

Relations, 26, 1-16. 

[93] Wilson, W.E., and Shuh, H. H. (1997). 

“Fine and coarse particles: concentration 

relationships  relevant to epidemiological 

studies.” Journal of  the Air and Waste 

Management Association, 47, 1238-1249. 

World Energy Outlook 2012. International 

Energy Agency. <http://www.iea.org> (Oct. 

9, 2013). 

[94] World Health Organization (WHO), Expert 

committee on Biological Standardization 

(1971). Twenty-third Report. 

<http//www.whqlibdoc.who.int> (Oct. 10, 

2013). 

[95] Yatkin, S., and Bayram, A. (2008). 

“Determination of Major Natural and 

Anthropogenic Source Profiles for 

Particulate Matter and Trace Elements in 

Izmir, Turkey.” Chemosphere, 71, 685–696. 

[96] Yuan, C.S., Lin, H.Y., Lee, W.J., Lin, Y.C., 

Wu, T.S., and Chen, K.F. (2007). “A New 

Alternative Fuel for Reduction of Polycyclic 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Sunyer%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gotschi%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%26%23x02010%3BEsteban%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacquemin%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aguilera%20I%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ackerman%20U%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Marco%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Forsberg%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Forsberg%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Forsberg%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gislason%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heinrich%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Norb%26%23x000e4%3Bck%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Villani%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%26%23x000fc%3Bnzli%20N%5Bauth%5D


Debananda Roy et al Int. Journal of Engineering Research and Applications                www.ijera.com 

ISSN : 2248-9622, Vol. 4, Issue 4( Version 1), April 2014, pp.97-113 

 

 
www.ijera.com                                                                                                                              113 | P a g e  

Aromatic Hydrocarbon and Particulate 

Matter Emissions from Engines.” Journal of 

Air and Waste Management Association, 57, 

465–471. 

[97] Zhang, Q., Tian, W.L. and Wei, Y.M., et al. 

(2007a). “External costs from electricity 

generation of China up to 2030 in energy 

and abatement scenarios.” Energy Policy, 

35, 4295-4304.    

[98] Zhang, X., Zwiers, F.W., Hegerl, G.C., 

Lambert, F.H., Gillett, N.P., Solomon, S., 

Stott, P.A., and Nozawa, T. (2007). 

“Detection of human influence on twentieth-

century precipitation trends.” Nature, 448, 

461-465. 

[99] Ziomas, I.C., Suppan, P., Rappengluch, B., 

Balis, D., Tzoumaka, P., Melas, D., 

Papayannis, A., Fabian, P., and Zerefos, 

C.S. (1995a), “A Contribution to the study 

of photochemical smog in the greater Athens 

area.” Beitraege zur Physik der 

Atmosphaere, 68, 198-203. 

[100] Zunckel, M., Saizar, C., and Zarauz, J. 

(2003). “Rainwater composition in 

Northeast Uruguay.” Atmospheric 

Environment, 37, 1601–1611. 

 


