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Executive Summary

Th e re  is a iarge body of evidence suggesting that exposure to  air pollution, even at very 

m in o r levels, leads to  adverse health effects, in particular, exposure to  pollutants such 

as particulate m atter has been found to  be associated w ith  increases in hospital 

admissions for cardiovascular and respiratory disease and m ortality in m any countries.

Increasingly sensitive epidem iological studies in several countries u nde r the auspices of 

W H O  have identified adverse effects from  air pollution at increasingly low er levels. It is 

found that the threshold value for a particular air pollutant like PM  is a function of the 

endp o in t {death, dim inished pulm onary function, etc.), the nature of the responding 

population (from  the m ost healthy to  the m ost ill), as w ell as the tim e at w hich the 

response is m easured (im m ediate vs. deiayed or accum ulated).

Th e  present study exam ines th e  m ortality patterns of coal m iners i.e. w h e th e r there is 

an excess m ortality generally or for som e diseases am ong the coal miners or w h eth e r 

the open cast m ining contributes tow ards the increase in m ortality rates of the coal 

miners.

N orth  Eastern Coalfields, Coal India Limited in Tinsukia district of Assam was selected as 

the study location.

Th e  potential sources of air pollution in the  area are Drilling and blasting,Loading and 

unloading of coal and overburden (O B ),Th e  m o ve m e n t of heavy vehicles on haul roads, 

Dragline operations,Crushing of coal in feeder breakers, W in d  erosion, Presence of fire 

and Exhaust of heavy earth m over m achinery (H E M M ).



© Total suspended particulate m atter (S P M ) concentration was found to  be as high as 

1035 ng/m 3 and respirable particulate m atter (P M i0) 265.85 j-ig/m3. During the 

m onsoon fo r the m onth of Septem ber and O ctober and w h en th ere  w as no coal m ining 

activities the SPM  concentration was found to  be the low est and consequently P M 10 

values also.

• Th e  concentration of P M 10 exceeded the permissible limit (150 ng/m 3} during the 

w in te r and during that tim e coal m ining was operated actively. Karl Pearson's co­

efficient of correlation was conducted to test the correlation betw een SPM and P M 10. T -  

test w as conducted to  test the significance of the correlations. It w as observed during 

the study that the variations of 2 4 -h sim ultaneous SPM and P M 10 concentrations data 

w e re  m ost highly correlated during M a rc h ;2012 (r=0.94, t=7.29, P<0.0002).

• M o re  than 8000 patients records m aintained by the hospital a uth ority  w e re  collected 

from  the three hospitals Viz. ESIC Hospital, M ergherita Civil Hospital and Health centre 

of M argherita  Coal m ining area of Assam . Confounding Factors w e re  patients w ith m inor 

diseases like Cough, cold, dysentery etc.Patients having m ajor diseases like Brain 

Tu m o u r, Gold Bladder Stone, Eye disorders etc w e re  considered along w ith  the Lung 

diseases and skin diseases

• O u t of th e  total patients suffering fro m  lung disease the highest percentage was found 

in health ce ntre (4 3 % ) whereas out of the total patients suffering fro m  skin disease the 

highest percentage was reported fro m  in ES!C(47.47% ).

• Results indicate th a t PM 10 and associated metals are one of the m ajor causes for 

deterioration of am bient air quality

• Th e  present study suggests that it is necessary to  m onitor the air quality as well as the 

health effects at regular intervals at strategic locations.
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© Awareness programme for open cast coal mining activities must be conducted.

• Considering the severe non response from the respondents, a well planned strategy must be 

prepared for collection of effective primary data.
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Introduction

Title: Preparation of a data bank on general health status of the population in 
the open cast coal mining areas of Assam vis-a-vis their exposure to dust in 
ambient air.

There is a large body of evidence suggesting that exposure to air pollution, even at very minor levels, 

leads to adverse health effects, in particular, exposure to pollutants such as particulate matter has been 

found to be associated with increases in hospitai admissions for cardiovascular and respiratory disease 

and mortality in many countries. Recent studies have tried to quantify the health effects caused by 

ambient air pollution; e.g., within the "Global Burden of Disease" project of the World Health 

Organization (W H O ) it has been estimated that worldwide, close to 6.4 million years of healthy life are 

lost due to long-term exposure to ambient particulate matter.

Increasingly sensitive epidemiological studies in several countries under the auspices of W HO have 

identified adverse effects from air pollution at increasingly lower levels. It is found that the threshold 

value for a particular air pollutant like PM is a function of the endpoint (death, diminished pulmonary 

function, etc.), the nature of the responding population (from the most healthy to the most ill), as well 

as the time at which the response is measured (immediate vs. delayed or accumulated).

Airborne particulate matter represents a complex mixture of organic and inorganic substances. Mass 

and composition in urban environments tend to be divided into two principal groups: coarse particles 

and fine particles. The barrier between these tw o fractions of particles usually lies between 1 urn and 

2.5 |im. However, the limit between coarse and fine particles is sometimes fixed by convention at 2.5 

pm in aerodynamic diameter (PM2.5) for measurement purposes. The smaller particles contain the 

secondarily formed aerosols (gas-to-particle conversion), combustion particles and recondensed organic 

and metal vapours. The larger particles usually contain earth crust materials and fugitive dust from 

roads and industries. The fine fraction contains most of the acidity (hydrogen ion) and mutagenic 

activity of particulate matter, although in fog some coarse acid droplets are also present. Whereas most 

of the mass is usually in the fine mode (particles between 100 nm and 2.5 }im), the largest number of 

particles is found in the very small sizes, less than 100 nm. As anticipated from the relationship of
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particle volume with mass, these so-called u It ratine particles often contribute only a few %  to the mass, 

at the same time contributing to over 90% of the numbers.

Particulate air pollution is a mixture of solid, liquid or solid and liquid particles suspended in the air. 

These suspended particles vary in size, composition and origin, it is convenient to classify particles by 

their aerodynamic properties because:

a) These properties govern the transport and removal of particles from the air;
b) They also govern their deposition within the respiratory system and
c) They are associated with the chemical composition and sources of particles.

These properties are conveniently summarized by the aerodynamic diameter that is the size of a unit 

density sphere with the same aerodynamic characteristics. Particles are sampled and described on the 

basis of their aerodynamic diameter, usually called simply the particle size. The size of suspended 

particles in the atmosphere varies over four orders of magnitude, from a few nanometres to tens of 

micrometers. The largest particles, called the coarse fraction, are mechanically produced by the break­

up of larger solid particles. These particles can include wind-blown dust from agricultural processes, 

uncovered soil, unpaved roads or mining operations. Traffic produces road dust and air turbulence that 

can stir up road dust. Near coasts, evaporation of sea spray can produce large particles. Pollen grains, 

mould spores, and plant and insect parts are al) in this larger size range. The amount of energy required 

to break these particles into smaller sizes increases as the size decreases, which effectively establishes a 

lower limit for the production of these coarse particles of approximately 1 p.m. Smaller particles, called 

the fine fraction, are largely formed from gases. The smallest particles, less than 0.1 jim, are formed by 

nucleation, that is, condensation of low-vapour-pressure substances formed by high-temperature 

vaporization or by chemical reactions in the atmosphere to form new particles (nuclei). Four major 

classes of sources with equilibrium pressures low enough to form nuclei mode particles can yield 

particulate matter:

>  heavy metals (vaporized during combustion),
>  elemental carbon (from short C molecules generated by combustion),
>  organic carbon and
>  sulfates and nitrates.
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Particles in this nudeation range grow by coagulation of two or more particles to form a larger particle, 

or by condensation of gas or vapour molecules on the surface of existing particles. Coagulation is most 

efficient for large numbers of particles, and condensation is most efficient for large surface areas. 

Therefore the efficiency of both coagulation and condensation decreases as particle size increases, 

which effectively produces an upper limit such that particles do not grow by these processes beyond 

approximately X pm. Thus particles tend to "accumulate" between 0.1 and 1 pm, the so-called 

accumulation range.

Sub micrometer-sized particles can be produced by the condensation of metals or organic compounds 

that are vaporized in high-temperature combustion processes. They can also be produced by 

condensation of gases that have been converted in atmospheric reactions to low vapour- pressure 

substances. For example, sulphur dioxide is oxidized in the atmosphere to form sulphuric acid (H2S04), 

which can be neutralized by NH3 to form ammonium sulfate. Nitrogen dioxide (N 02) is oxidized to nitric 

acid (HN03), which in turn can react with ammonia (NH3) to form ammonium nitrate (NH4N03). The 

particles produced by the intermediate reactions of gases in the atmosphere are the secondary 

particles. Secondary sulphate and nitrate particles are usually the dominant component of fine particles. 

Combustion of fossil fuels such as coal, oil and petrol can produce coarse particles from the release of 

non-combustible materials, i.e. fly ash, fine particles from the condensation of materials vaporized 

during combustion, and secondary particles through the atmospheric reactions of sulphur oxides and 

nitrogen oxides initially released as gases.

It has been found in Europe that sulfate and organic matter are the two main contributors to the annual 

average PM10 and PM2.5 mass concentrations, while in some places mineral dust (including trace 

elements) can also be a main contributor to PM1Q. On days when PM10 > 50 pg/m3, nitrate becomes 

also a main contributor to PM10 and PM2.5. Black carbon contributes 5 -1 0 %  to PM2.5 and somewhat 

less to PM10.

Epidemiological studies so far have shown an increase in mortality with an increase in fine PM and 

sulfate. Studies by the American Chemical Society have found significant increases of relative risks for 

cardiopulmonary and lung cancer deaths with increasing levels of PM2.5. TSP and coarse particles
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(PM15 -  PM2.5) in ambient air. Significant effects of PM10 on nonmaiignant respiratory deaths in men 

and women and on lung cancer mortality in men have also been reported. The relationship between air 

pollution and lung cancer has also been reported in a large number of case studies. It has also been 

shown that lung function growth in children is reduced in areas with high PM concentrations and that 

the lung function growth rate changes in step with relocation of children to areas with higher or lower 

PM concentrations than before.

The mortality and morbidity studies in many parts of the world, particularly in USA and Europe have 

shown, much more clearly than before, that cardiovascular deaths and morbidity indicators are related 

to ambient PM levels. Recent works on relations between PM and arteriosclerosis provides an 

interesting background to observed relations between PM and mortality. Possibly, ultrafme particles 

(smaller than 100 nm) play a role here, as these may be relocated from the respiratory system. The 

general conclusion from these studies is that long-term exposure to PM may lead to a marked reduction 

in life expectancy, which is primarily due to increased cardio-pulmonary and lung cancer mortality. 

Increases are also likely in lower respiratory symptoms and reduced lung function in children, and 

chronic obstructive pulmonary disease and reduced lung function in adults.

Epidemiological studies on large populations have been unable to identify a threshold concentration 

below which ambient PM has no effect on health. It is likely that within any large human population, 

there is such a wide range in susceptibility that some subjects are at risk even at the lowest end of the 

concentration range. In short-term studies, elderly subjects, and subjects with pre-existing heart and 

lung disease have been found to be more susceptible to effects of ambient PM on mortality and 

morbidity. Thus, asthmatics have been shown to respond to ambient PM with more symptoms, larger 

lung function changes and with increased medication use than non-asthmatics. In long-term studies, it 

has been found that socially disadvantaged and pooriy educated populations respond more strongly in 

terms of mortality. No consistent differences have been found between men and women.

There is strong evidence to conclude that fine particles {< 2.5 __m, PM2.5) are more hazardous than larger 

ones (coarse particles) in terms of mortality and cardiovascular and respiratory diseases. This does not 

imply that the coarse fraction of PM 10 is innocuous, in toxicoiogical and controlled human exposure



studies, several physical, biological and chemical characteristics of particles have been found to elicit 

cardiopulmonary responses. Amongst the characteristics found to be contributing to toxicity in 

epidemiological and controlled exposure studies are metal content, presence of PAHs, other organic 

components, endotoxin and both smali (< 2.5 um) and extremely small size {< 100 nm).

There is increasing evidence that soluble metals may be an important cause of the toxicity of ambient 

PM. Water-soluble metals have consistently been shown to contribute to cell injury and inflammatory 

changes in the lung. The transition metais are aiso important components concerning PM-induced 

cardiovascular effects. Transition metals enhance the inflammatory effect of ultrafine particles. 

However, it has not been established that the small metal quantities associated with ambient PM in 

most environments are sufficient to cause health effects. Metals considered to be relevant are iron, 

vanadium, nickel, zinc and copper. In a comparative study of pulmonary toxicity of the soluble metals 

found in urban particulate dust, it has recently been reported that zinc, and to a lesser degree copper, 

induced lung injury and inflammation, whereas the responses to nickel, iron, lead and vanadium were 

minimal.

Many studies have shown that coal-processing chemicals, equipment powered by diesel engines, 

explosives, toxic impurities in coals, and even dust from uncovered coal trucks, coal dumps and open 

cast mining can cause negative affect on health. The people in coal mining communities have

>  70 percent increased risk for developing kidney disease,
>  64 percent increased risk for developing chronic obstructive pulmonary disease (COPD) such as 

emphysema and
>  30 percent more likely to report high blood pressure (hypertension).

In India, coal production will have to be increased to meet the energy demand over the next 20-25 

years at the rate of 20-25 Mt/year. To meet the energy demand and overall coal production, 

opencast coal mining has grown at a phenomenal rate, and in 1995-96, when the country produced 

274 Mt, the opencast mines accounted for 58% of the coal production in the country (Kumar 1995). 

By 2000, the coal production from surface mining rose to 250 M t, which was about 70% of the total 

coal production. In underground coal mining, the miners suffer from coal dust inside the workings
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but, in surface mining, the air pollution problem is much more acute, particularly with respect to 

dust pollutants. In opening an opencast mine, massive overburden (OB) has to be removed to reach 

the mineral deposit (Ghose 1989). This may require excavators, loaders, dumpers, and conveyor 

belts,which results in massive discharge of fine particulates from OB material. Similarly, normal 

operation will require excavation, size reduction, waste removal,transportation, loading, and 

stockpiling. All will release particulate matter. Closure of the mine is similar to that of opening, but 

for a shorter period. St is reported (Cowherd 1979) that vehicular traffic on haul roads of mechanized 

opencast mines could contribute as much as 80% of the dust emitted. It has been estimated 

{Chadwick et al. 1987) that about 50% of total coal dust released is during journey time on an 

unpaved haui road, while 25% is released during loading and unloading of dumpers. Drilling is 

perhaps the next important source of fugitive dust (Nair and Sinha 1987). Finally, another major 

source of fugitive dust is due to wind erosion from coal stockpiles. Generally, the fines produced by 

surface coal mining operations contain coal particles, shale and dust particles (Addis et al. 1984). 

The average size of fines produced depends on different working sites. It has also been reported 

that coal mining particulates are respirable in nature and hazardous to human health. Lead 

concentration in total suspended particulate matter (ISP) were also found to be hazardous to 

human health. As the production of coal by opencast mining is growing, it is essential to evaluate its 

impact on the air environment and also to assess the characteristics of the emitted airborne dust, 

which is harmful to human health and vegetation. (Ghosh and Majee 2007)

Objective of the project

To  analyze the mortality patterns of coal miners i.e. whether there is an excess mortality generally or 

for some diseases among the coal miners or whether the open cast mining contributes towards the 

increase in mortality rates of the coal miners.

Methodology including target population and sample size:

W ork zone air quality monitoring stations were selected near the operating sources of air pollution. 

W ork zone (around the source of air pollution) air quality had been studied to assess the impact on the 

workers performing their duties in the work zone and also to see how much dust generated is getting 

dispersed into the atmosphere to increase levels of ambient air pollution. As the study is surrounded by
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a number of coal mines and their allied activities it is essential to know the background air pollution 

level in order to assess the actual contribution of pollutants by this study.

The Study Area: Coal mining in Margherita coalfield (M CF)

Coal exploration started intensively in Tinsukia district of Assam in 1925. Coal mining activities of North 

Eastern Coalfields, Coal India Limited are at present confined to Makum coalfields in Tinsukia District of 

Assam. Out of 259.37 Million tonnes of proved coal reserve in Assam, Makum Coalfields has 249.65 

Million tonnes of coal reserved. Minning of Coal in the Makum Coal fields was started by the Assam 

Railways & Trading Company at Ledo Colliery in 1882. The Coal Mines were Nationalized in 1973 under 

coal Mines (Nationalisation) Actl973 and the coal Mines in Makum coalfields went under Coal Mines 

Authority Ltd. Coal India Ltd. was formed in November 1975 and since then the coal mines in the 

Makum coalfields are being managed by Coal India Ltd.



Fig. 1 Locations of the ambient air monitoring stations in the study area
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NEC coal is of Tertiary age (Eocene to Oiigocene, 40-55 million years) younger than the deposits of 

Jharkhand belt, Bihar. The coal with high calorific value ranging from 6500-7500 kcal/kg (Grade A) is of 

high quality characterized by very low ash content, high sulphur, high volatile matter and high coking 

index. Hence, it has got high demand for coal liquefaction plant and as biendable coal in steel industry. 

Out of total 257 BT Indian coa! reserves, only 0.94 BT occur in the North Eastern Region which 

constitutes 0.37% share of Indian coal reserves (up to 1200 m. depth as in 2007). After nationalization, 

the mining operations were confined to Makum and Dilli-Jeypore Coalfields of Margherita Area in 

Assam. At present there are fove working mines, 1 underground and 4 opencast mines.

The area experiences sultry humid simmer during the months of May and June and a fairly cold weather 

during December and January. The minimum temperature in the winter falls up to 4° C and the 

maximum summer temperature rises up to 42°C. The average humidity ranges from 87 to 91 % during 

the wet months. The area experiences a very high annual precipitation from 300 to 425 cm and bulk of 

the precipitation is in the months from April to September. However, except for December, January and 

February all the rest months experience certain amount of rainfall either in the form of torrential 

showers or drizzles.

The potential sources of air pollution in the area are

• Drilling and blasting
• Loading and unloading of coal and overburden (OB)

• The movement of heavy vehicles on haul roads
• Dragline operations
• Crushing of coal in feeder breakers
• Wind erosion
• Presence of fire
• Exhaust of heavy earthmover machinery (H EM M ).

Am bient air quality monitoring with respect to PM10 and SPM and trace metals associated with PM1G 

has been done at tw o stations located in one open cast coal mining field viz., Ledo coal field and one 

residential area of Ledo coal mining zone. Air samples were collected for 24 h in three 8-h periods 

corresponding to daytime, evening and night time for nine days in a month (Merefield et al. 1995). For 

the collection of PM10 samples and SPM samples, glass fiber ambient (GF/A) filter paper was used in a 

Respiratory dust sampler (RDS) IS: 5182 (Part IV), 1987 manufactured by M/S Envirotech, New Delhi. 

The collected PM10 was analyzed for metals like Cu,Cd,Cr,Mn,Zn,Ni„Fe,Pb.
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Picturel: Respiratory Dust Sampler set up at LEDO OCP
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Picture 4: Acid mine drainage due to open cast mining
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Picture 5: Underground Coal mining and transportation of coal from underground

Picture 6: Coal mining Workers being interviewed
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Extraction of metals from PM 10 filter paper

Acid digestion, required for the metals determination by Atomic absorption spectrophotometer (Atomic 

Absorption Spectrophotometer Shimadzu-7000) was carried out according to a standard procedure.. 

Following the procedure recommended by International Organization for Standardization, ISO 11466 

(Melaku et al., 2005). After a 16-h room temperature digestion, samples were further digested at 130 

_C, for 2 h under reflux conditions. Finally, the suspensions were filtered with ashless Whatman filter 

papers 42 and the filtrates were diluted to a final volume of 100 ml with 0.5 M HN03 prior to further 

analysis.

A series of blanks were prepared using the same digestion method. Metals and reagents used for 

standard solutions were of AR grade.

The concentration of individual elements in the solution was determined by comparing the absorbance 

of the standard metal solution. Samples were directly introduced into the frame of continuous 

aspiration through polyethylene tubing and the concentration of the object element (ng/ml) was 

obtained from the calibration plot. The concentration of an element in the atmosphere is obtained from 

the following relation (Sinha and Banerjee, 1997):

Concentration of the element in the digested sample ( j ^ )

W 3'  Volume o f  air sample (m3)
Total value o f  the sample (fnL)

Percent o f  f i l te r  area used fo r  analysis
Sam ple size 

Secondary Data

M o re  than 8000 patients records maintained by the hospital authority w ere collected from  the 

three hospitals Viz. ESIC Hospital Mergherita Civil Hospital and Health centre of Margherita 
Coal mining area of Assam. Confounding Factors were patients with minor diseases like Cough, 
cold, dysentery etc. Patients having m ajor diseases like Brain Tumour, Gold Bladder Stone, Eye 
disorders etc were considered along with the Lung diseases and skin diseases.
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P rim a ry Data

A  w ell structured questionnaire was prepared for collection of p rim ary data fro m  the selected 

sam pling area .Accordingly 133 w orkers of the coal m ining area w e re  interview ed. H o w e ve r an 

extrem e non response in case of disease suffer was faced fro m  the  respondent. O n ly  nine out 

of the total respondents reported about disease suffering. In fact even th e  health facilities in 

th e  coal m ining area m aintained no record of relevant diseases. Because of this draw back the 

prevalence of the disease could not be ascertained.

Analysis of Data

Total suspended particulate m atter (S P M ) concentration was found to  be as high as 1035 

£ig/m3 and respirable particulate m atter (P M i0) 265.85 [ig/m 3. During the m onsoon for the 

m onth of Septem ber and O ctober and w h en there was no coal m ining activities the SPM 

concentration was found to  be the lowest and consequently P M 10 values also. It is supported by 

various studies (Ravichandran et al., 1998; Kumar and Ratan, 2003; Sinha and Sreekesh, 2002; Reddy 

and Ruj, 2003; Huertas et al., 2012) that in coal mining areas SPM and PM10 are exceeding the 

standards {Table l).Karl Pearson's co-efficient of correlation was conducted to  test the 

correlation betw een SPM  and P M i0. T -te s t was conducted to  test the significance of the 

correlations. It was observed during the study th a t the variations of 2 4 -h sim ultaneous SPM  and 

PMio concentrations data w ere  m ost highly correlated during M arch, 2012 (r=0.94, t=7.29, 

P<0.0002 [tw o-ta iled  t-test for significance of correlation coeffeicient]., Correlation betw een 

SPM and P M 10 w e re  found to  be significant (Table  1, 2 and 3) fo r all the m oths except for the 

m onths of June and Septem ber. H ow ever, m ost probably it is because during th at tim e there 

was no open cast m ining because there is no open cast m ining fro m  th e  m onth  of June upto the 

m onth of O cto be r due to  rainy season. H o w e ve r there is heavy dum p ing  of casted coal in all the 

surrounding areas of the m ine and transportation is heavier during this tim e as th ere  is no 

casting activity. Due to  this reason the pollution does not decrease significantly despite no 

casting and rainfall. This is reflected in the correlation values of July w hich have been found to 

be significant (r=0.79, t=2.88, P<0.03). In recent years, epidem iological studies have show n
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association betw een am bient particulates m atter concentration and health. Exposure to 

increased levels of particulate m atter concentrations is related to  increased m ortality and a 

num ber of p ulm onary effects, both acute and chronic (Roosli et al 2 0 0 1 , IPagano et al 1998). It 

is w o rth y  to  note that m ortality and respiratory' and cardiovascular diseases will largely increase 

due to  the presence of the higher concentrations of chemical pollutants in air in inversion 

occurs along w ith  this condition.

Table 1. Results o f P M IO  concentrations in different urban cities

Locations P M IO  (|ig/m3) Reference

Colombo, Sri Lanka 50 Seneviratirte et al. (2011)

Hongkong 105 He and Lu (2012)

Panzhihua, China 137 Yong-hua etal. (2010)

Zagreb, Croatia 36 Cackovic et a l (2008)

Oxford, USA 16 Wojas and Almquist
(2007)

Nepal 61-120 Giri et al. (2007)

Kanpur, India 226 Gupta (2007)

Padampur OCP Chandrapur 
District, Maharashtra, India

103-226 Trivedi et al. (2007)

Erzurum, Turkey 31 Bayraktar et al. (2006)

Mumbai, India 61 Kumar and Joseph (2006)

Amsterdam, Finland 36 Vailius (2005)

Ibvailey, Orissa, India 46-291 Chauiya (2004)

Qalabotjha, South Africa 90 Engeibretch etal. (1999)
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Table 2: A m b ie n t air quality at Ledo OCP during July and Septem ber in the year 2011

Date

P M

(fxg/m3) SPM (|ig/m3) Date PM (pg/m3) SPM (iig/m3)

15.07.11 74.26 121.03 20.09.11 94.25 152.23

17.07.11 64.26 110.20 22.09.11 72.20 123.25

19.07.11 71.26 106.35 24.09.11 54.26 105.63

21.07.11 65.24 108.26 26.09.11 65.23 106.52

23.07.11 59.68 110.32 2S.09.11 84.26 112.03

Correlation Coefficient=0.49 
t= 0 .9 7 , p=0.402

Correlation Coefficient=0.80 
t=2.31,p=0.104

Table 3: A m b ie n t air quality at Tirap OCP during July and Septem ber in the year 2011

Date

PM

(Hg/m 3) SPM (|ig/m3) Date PM (pg/m3] SPM (jig/m3|

15.07.11 84.26 132.56 20.09.11 78.85 122.69

17.07.11 69.53 106.50 22.09.11 92.56 136.56

19.07.11 59.68 96.69 24.09.11 69.56 109.65

21.07.11 96.25 118.59 26.09.11 75.58 105.56

23.07.11 69.56 109.85 28.09.11 86.56 122.32

Correlation Coefficient=0.77 
t= 2 .0 9 , p=0.13

Correlation Coefficient=0.89
t=3.38,p=0.043
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Table  4: A m b ie n t air quality at Ledo OCP during different m onths

Date

PM

(j^g/mS) SPM (iig/m3) Date PM (ng/m3) SPM (jJig/m3)

13,11.11 205.05 842.45 14.12.11 242.00 939.35

15.11.11 235.35 883.80 16.12.11 249.35 948.75

17,11.11 257.25 901.80 18.12.11 200.80 909.40

19.11.11 221.90 849.10 20.12.11 263.45 945.30

21,11.11 172.40 826.25 22.12.11 188.60 880.05

23.11.11 265.85 1035.50 24.12.11 201.85 909.15

25.11.11 241.05 884.65 26.12.11 174.35 838.15

27.11.11 225.65 859.35 28.12.11 188.50 879.25

29.11.11 232.40 879.90 30,12.11 237.80 943.70

Correlation Coefficient=0.78 
t -3 .3 , p=0.01

Correlation Coefficient=0.93 
t=6.69,p=0.0002

06.01.12 159.90 835.10 13.02.2012 174.80 813.55

08.01.12 214.25 905.80 15.02,2012 189.75 916.75

10.01.12 207.30 849.65 17.02.2012 168.15 801.40

12.01.12 159.95 808.90 19.02.2012 212.15 914.70

14.01.12 207.60 883.75 21.02.2012 162.50 709.70

16.01.12 213.70 905.70 23.02.2012 171.45 816.15

18.01.12 236.80 918.45 25.02.2012 185.30 845.80

20.01.12 230.85 919.65 27.02.2012 188.60 933.60

22.01.12 242.45 932.15 29.02.2012 180.20 853.30

Correlation Coefficient =0.93 
t=6.69,p=Q.0002

Correlation Coefficient =0.84 
t=4.1,p=0.005
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Table  5: A m b ie n t air quality at Ledo OCP during different m onths

Date

PM

{lig/ m3) SPM (|ig/m3) Date PM (|ig/m3) SPM (|ig/m3)

03.03.2012 193.20 814.90 03.04.2012 190.60 847.45

05.03.2012 205.30 846.90 05.04.2012 253.10 819.60

07.03.2012 192.90 833.10 07.04.2012 162.55 821.40

09.03.2012 186.65 802.30 09.04.2012 196.35 824.40

11.03.2012 199.15 811.05 11.04.2012 186.70 817.90

13.03.2012 212.00 857.70 13.04.2012 128.25 763.40

15.03.2012 166.70 733.70 15.04.2012 200.15 831.55

17.03.2012 192.45 813.55 17.04.2012 195.40 852.55

19.03.2012 198.65 812.90 19.04.2012 193.70 820.95

Correlation Coefficients.94 
t=7.29,p=0.0002

Correlation Coefficients.56 
t=1.79,p=0.1

02.05.2012 192.30 827.60 05.06.2012 173.40 854.50

04.05.2012 237.35 888.65 07.06.2012 167.80 911.60

06.05.2012 196.20 823.60 09.06.2012 156.90 830.30

08.05.2012 188.60 835.05 11.06.2012 149.15 802.55

10.05.2012 187.15 853.75 13.06.2012 160.50 830.45

12.05.2012 191.70 779.40 15.06.2012 188.85 809.05

14.05.2012 179.80 838.35 17.06.2012 136.80 746.50

16.05.2012 180.85 845.85 19.06.2012 183.30 827.80

18.05.2012 150.30 801.00 21.06.2012 161.50 791.05

Correlation Coefficient =0.63 
t=2.15, p -0.07

Correlation Coefficient =0.47 
t=1.41,p=G.2
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Table 6: A m b ie n t air quality at Ledo CCP during different m onths

Date

PM

(jig/mS) SPM (jig/m3) Date PM (|ig/m3) SPM (|jig/m3)

17.07.12 44.66 112.00 06.09.12 92.28 138.50

19.07.12 43.55 141.00 09.09.12 97.81 200.00

21.07.12 63.05 166.00 13.09.12 88.81 165.00

23.07.12 46.00 147.50 17.09.12 88.43 129.50

25.07.12 52.15 152.50 20.09.12 96.06 152.00

27.07.12 71.85 169.00 Correlation Coefficient =0.64 
t=1.44, p=0.25

29.07.12 50.42 147.00

Correlation Coefficient =0.79 
t=2.88, p=0.03

Picture 7: S how s high a m o u n t of P M 1 0  deposit Picture 8: Less a m o u n t of P M 10 deposit

Airborne  particulate m atter, which is com posed of a broad class of chem ically and physically 

diverse substances are variable in size, chemical com position, form ation, origin and
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concentration, and is variable across space and tim e. Health effects associated w ith  particulate 

m atter (P M ) are linked to respiratory, cardiovascular problem s and p rem ature  m ortality (Callen 

et al., 2009). Th e  particulates m ay include a broad range of chemical species, ranging from  

metals to organic and inorganic com pounds (Tsai and Cheng, 2004; Park and Kim, 2005). A m o n g  

the inorganic com pounds, most im portant ones are the trace metals, w hich are em itted by 

various natural and anthropogenic sources such as crustal materials, road dust, construction 

activities, m o to r vehicles, coal and oil com bustion, incineration and other industrial activities 

(W atson et al., 2002; Q uiterio  et al., 2004; Arditsoglou and Samara 2005; Shah et al., 2006; Shah 

and Shaheen 2010). Th e  airborne particulates and related trace metals have been linked w ith 

both acute and chronic adverse health effects w hich m ostly include respiratory diseases, lung 

cancer, heart diseases and damage to  other organs (Prieditis and Adam son, 2002; Magas et al., 

2007; W ild  et al., 2009). N um erous epidem iological studies have show n a correlation between 

elevated levels of airborne particulates and increased rate of m orbidity and m ortality (Pope, 

2000; Shah, 2009). A  n um ber of studies conducted in the coal m ining areas show ed higher 

am bient particulate concen-trations (Ghose and M ajee, 2002; Sinha and Sreekesh, 2002; Suman 

et al., 2 0 0 7 ).In our study on the average,PM10 associated elemental concentration trend was: 

Fe>Zn>Cu>Mn>Cr> Pb>Ni >Cd.

Table 7: Concentration of metal (ng/mS) in the month of July 2011 associated with PM10 at Ledo OCP

July 11

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

74.26 0.985 0.005 0.006 0.002 0.046 0.437 0.004 0.026

64.26 0.711 0.004 0.004 0.001 0.046 0.345 0.004 0.022

71.26 0.980 0.003 0.005 0.003 0.035 0.365 0.010 0.021

65.24 0.683 0.005 0.005 0.003 0.030 0.244 0.006 0.006

59.68 0.896 0.002 0.005 0.003 0.040 0.362 0.004 0.016
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Table 8 : Concentration of metal flig/m3) in the month of September 2011 associated with PMIO at Ledo 
OCP

September 2011

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

94.25 1.280 0.008 0.008 0.004 0.043 0.95 0.009 0.037

72.2 0.608 0.003 0.002 0.002 0.046 0.314 0.004 0.027

54.26 0.950 0.004 0.005 0.004 0.040 0.585 0.005 0.026

65.23 0.783 0.005 0.005 0.004 0.030 0.365 0.007 0.016

84.26 0.863 0.004 0.005 0.004 0.032 0.326 0.005 0.016

Table 9 : Concentration of metal flag/m3) in the month of July 2011 associated with PM IO at Tirap OCP

July 2011

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

84.26 0.985 0.005 0.007 0.004 0.035 0.371 0.006 0.030

69.53 0.711 0.003 0.004 0.003 0.029 0.450 0.006 0.022

59.68 0.980 0.003 0.006 0.003 0.028 0.365 0.007 0.021

96.25 1.088 0.003 0.005 0.003 0.031 0.444 0.008 0.026

69.56 0.896 0.002 0.005 0.004 0.040 0.362 0.004 0.016

Table 10 : Concentration of metal oig/m3) in the month of September 2011 associated with PM IO at 
Tirap OCP

September 2011

PM10 Fe Cd Pb • Ni Mn Zn Cr Cu

78.85 0.965 0.007 0.008 0.002 0.049 0.637 0.005 0.026

92.56 1.02 0.006 0.008 0.003 0.039 0.645 0.008 0.030

69.56 0.69 0.004 0.006 0.003 0.026 0.365 0.007 0.021

75.58 0.98 0.006 0.005 0.003 0.030 0.544 0.006 0.006

85.56 0.85 0.005 0.006 0.003 0.021 0.518 0.007 0.016

30



Table 11: Concentration of metal oig/m3) in the month of December 2011 associated with PMIO

Dec 11

PMIO Fe Cd Pb Ni Mn Zn Cr Cu

242.00 8.51 0.040 0.106 0.046 0.263 3.05 0.088 1.59

249.35 8.79 0.021 0.535 0.066 0.392 3.88 0.090 1.63

200.80 7.24 0.008 .0.130 0.058 0.131 3.26 0.101 1.56

263.45 9.02 0.010 0.084 0.065 0.412 3.71 0.195 2.59

188.60 8.10 0.008 0.058 0.050 0.405 3.46 0.102 1.59

201.85 7.29 0.017 0.054 0.065 0.337 3.66 0.102 1.61

174.35 6.70 0.010 0.088 0.059 0.358 2.02 0.097 1.62

188.50 -9.95 0.009 0.077 0.067 0.336 3.63 0.112 1.59

237.80 8.16 0.007 0.067 0.064 0.345 2.49 0.097 1.36

Table 12: Concentration of metal (pig/m3) in the month of January2012 associated with PM IO

Jan '12

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

159.90 7.78 0.008 0.063 0.029 0.170 2.50 0.150 1.09

214.25 7.14 0.006 0.070 0.027 0.129 2.13 0.171 1.11

207.30 7.74 0.016 0.091 0.032 0.146 1.56 0.152 1.08

159.95 7.12 0.008 0.085 0.040 0.190 2.31 0.091 1.01

207.60 7.48 0.011 0.070 0.039 0.211 3.04 0.109 1.03

213.70 7.05 0.015 0.071 0.035 0.108 2.58 0.110 1.03

236.80 7.94 0.010 .0.081 0.036 0.171 2.83 0.130 1.01

230.85 7.82 0.008 0.091 0.033 0.255 3.04 0.133 1.20

242.45 7.92 0.020 0.094 0.042 0.245 3.10 0.190 1.50

Table 13 : Concentration of metal fljg/m3) in the month of February 2012 associated with PM IO

Feb'12

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

174.80 7.77 0.013 0.051 0.022 0.226 2.88 0.152 1.08

189.75 7.38 0.011 0.083 C.017 0.358 3.39 0.158 1.02

168.15 7.97 0.022 0.072 0.018 0.375 2.74 0.124 1.01

212.15 8.93 0.028 0.091 0.022 0.377 3.48 0.162 1.13

162.50 7.69 0.011 0.061 0.022 0.374 3.24 0.153 1.00

171.45 7.30 0.008 0.044 C.019 0.315 3.24 0.140 1.07

185.30 9.14 0.015 0.057 0.024 0.394 2.98 0.157 1.02

188.60 7.68 0.022 0.069 0.022 0.310 3.51 0.153 1.21

180.20 6.77 0.023 0.041 0.017 0.422 3.47 0.130 1.03
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Table 14 : Concentration of metal fjig/m3) in the month of March 2012 associated with PM10

March’12

PM10 Fe Cd Pb Mi Mn Zn Cr Cu

193.20 6.63 0.018 0.066 0.014 0.191 3.41 0.110 1.19

205.30 7.40 0.026 0.080 0.020 0.178 3.08 0.248 1.24

192.90 5.87 0.011 0.068 0.023 0.252 3.43 0.210 1.13

186.65 6.78 0.023 0.042 0.016 0.193 2.96 0.204 1.34

199.15 7.49 0.012 0.066 0.028 0.210 3.30 0.250 1.18

212.00 7.75 0.025 0.081 0.029 0.289 3.52 0.266 1.25

166.70 6.26 0.015 0.070 0.024 0.205 2.62 0.160 1.03

192.45 5.88 0.015 0.075 0.021 0.285 2.59 0.265 1.12

198.85 5.31 0.018 0.064 0.025'i 0.202 3.62 0.212 1.21

Table 15: Concentration of metal (\igf m3) in the month of April 2012 associated with PM10

April'12

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

190.60 5.44 0.025 0.068 0.028 0.270 2.16 0.510 1.12

253.10 7.93 0.021 0.083 0.028 0.254 3.79 0.546 1.18

162.55 6.40 0.009 0.067 0.027 0.243 2.64 0.341 1.09

196.35 7.24 0.011 0.032 0.030 0.270 3.22 0.225 1.15

186.70 6.90 0.010 0.030 0.030 0.175 3.53 0.551 1.07

128.25 6.27 0.008 0.034 ■ 0.024 0.230 2.34 0.095 1.08

200.15 7.32 0.010 .0.080 0.020 0,205 2.51 0.294 1.14

195.40 5.70 0.009 0.033 0.023 i 0.258 2.95 0.102 1.02

193.70 6.70 0.009 0.030 0.020 | 0.270 2.20 0.098 1.02

Table 16 : Concentration of metal flig/m3) in the month May 2012 associated with PM10

M ay’12

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

192.30 4.43 0.101 0.030 0.045 0.215 3.15 0.511 1.03

237.35 6.90 0.092 0.035 0.040 0.196 3.52 0.456 1.27

196.20 6.31 0.129 0.022 0.047 | 0.175 2.94 0.302 1.05

188.60 6.11 0.079 0.034 0.051 0.212 1.80 0.204 1.06

187.15 5.90 0.060 0.039 0.059 0.229 2.81 0.575 1.21
191.70 5.37 0.080 0.031 0.046 0.150 3.23 0.403 0.93
179.80 5.47 0.082 0.031 0.049 0.215 2.71 0.550 1.04

180.85 6.26 0.082 0.024 0.037 0.208 2.76 0.111 1.06

150.30 5.53 0.067 0.021 0.032 0.165 2.14 0.113 1.02
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Table 17: Concentration of metal fM.g/m3) in the month of June 2012 associated with PM IO

June:12

PM IO Fe Cd Pb Ni Mn Zn Cr Cu

173.40 5.78 0.063 0.036 0.054 0.205 2.71 0.113 1.07

167.80 5.65 0.066 0.030 0.045 0.260 2.79 0.104 1.08

156.90 6.03 0.065 0.038 0.057 0.270 2.29 0.102 1.18

149.15 5.62 0.051 0.032 0.047 0.248 3.08 0.104 1.02

160.50 5.79 0.060 0.039 0.041 0.235 2.35 0.175 1.01

188.85 5.61 0.056 0.047 0.041 0.244 3.57 0.193 1.24

136.80 4.07 0.057 0.032 0.049 0.193 3.04 0.095 1.10

183.30 5.11 0.066 0.047 0.061 0.227 3.64 0.111 1.07

161.50 5.44 0.046 0.021 0.032 0.228 3.09 0.113 1.00

Table 18: Concentration of metal (ng/mS) in the month of July 2012 associated with PMIO

July'12

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

44.66 0.799 0.003 0.007 0.006 0.046 0.237 0.004 0.013

43.55 0.808 0.004 0.005 0.001 0.036 0.345 0.004 0.022

63.05 0.903 0.003 0.006 0.G03 0.035 0.365 0.010 0.011

46.00 0.897 0.005 0.005 0.002 0.030 0.244 0.006 0.006

52.15 0.779 0.008 0.005 0.C02 0.040 0.362 0.004 0.016

71.85 0.875 0.012 0.007 0.C04 0.043 0.472 0.005 0.030

50.42 0.880 0.006 0.003 0.C04 0.038 0.467 0.004 0.012

Table 19: Concentration of metal (ng/m3) in the month of September 2012 associated with PM IO

Sep'12

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

92.28 0.838 0.009 0.045 0.002 0.032 0.305 0.015 0.032

97.81 0.914 0.013 0.071 0.002 0.063 0.348 0.006 0.038

88.81 0.717 0.012 0.053 0.003 0.032 0.348 0.019 0.028

88.43 0.516 0.013 0.048 0.003 0.080 0.360 0.004 0.014

96.06 0.672 0.016 0.052 0.003 0.072 0.324 0.027 0.020

The data pertaining to the PM IO and metal correlations provided in Table 20- 31.* indicates significant 
at 5% and ** indicates significant at 1% of two tailed correlation coefficient.In our study it has been 
observed that there is a significant correlation between PM IO and Fe/Cd^Pb/Zn/Cr and Cu except Ni and 
Mn in all cases indicating heavy contamination by open cast coal mining.
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Table No 20: Ledo Juiy-2011: Co-relation coefficient matrix for PEV5I0 And Trace metai

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

PM10 1 0.554* 0.579* 0.561* 0.125 0.193 0.505* 0.430* 0.555*

Fe 1 -0.246 0.8C2 C.325 0.254 0.812 0.361 0.642

Cd 1 0.163 0.072 -0.030 -0.149 -0.120 -0.090

Pb 1 C.6S6 -0.031 0.523 0.156 0.236

Ni 1 -0.734 -0.221 0.360 -0.491

Mn 1 0.770 -0.498 0.830

Zn 1 -0.063 0.924

Cr 1 0.046

Cu 1

Table 21: Ledo Sept-2011: Correlation coefficient matrix for PM 10 and Trace metal

PM10 Fe Cd Pb Ni Mn Zn Cr Cu
PM10 1 0.505* 0.504* 0.458* 0.027 0.093 0.422* 0.587* 0.473*
Fe 1 0.862 0.913 0.544 0.094 0.937 0.796 0.636
Cd 1 0.6S2 0.402 0.083 0.881 0.981 0.625
Pb 1 0.790 -0.260 0.717 0.647 0.287
Ni -0.742 0.273 0.407 -0.276
Mn 1 0.389 -0.024 0.814
Zn 1 0.786 0.847
Cr 1 0.517
Cu

Table 22: Tirap July-2011: Correlation coefficient matrix for PM1Q and Trace metal

PM10 Fe Cd Pb Ni Mn Zn Cr Cu
PM10 1 0.552* 0.443* 0.454* 0.168 0.167 0.440* 0.474* 0.682*:
Fe 1 0.191 0.7S2 0.191 0.084 -0.243 0.582 0.447
Cd 1 0.564 0.260 0.054 -0.207 -0.003 0.818
Pb 1 0.656 0.492 -0.587 0.058 0.472
Ni 1 0.967 -0.619 -0.676 -0.101
Mn 1 -0.480 -0.728 -0.260
Zn 1 0.410 0.228
Cr 1 0.507
Cu

34



Table 23: Tirap Sept-2011: Correlation coefficient matrix for PM IO  and Trace metal

PM IO Fe Cd Pb Ni Mn Zn Cr Cu

PM IO 1 0.606* 0.580* 0.596* 0.164 0.151 0.696** 0.501* 0.421*

Fe 1 0.913 0.325 -0.330 0.607 0.939 -0.096 0.094

Cd 1 0.570 -0.500 0.770 0.983 -0.218 0.288

Pb 1 -0.525 0.659 0.608 0.375 0.924

Ni 1 -0.935 -0.438 0.173 -0.545

Mn 1 0.726 -0.161 0.566

Zn 1 -0.048 0.351

Cr 1 0.586

Cu

Table No 24:Dec 11: Corelation coefficient matrix for PM IO  And Trace metal

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

PM10 1 0.427* 0.403* 0.498* 0.138 0.182 0.416* 0.409* 0.476*

Fe 1 0.105 0.195 0.243 0.324 0.561 0.346 0.290

Cd 1 0.275 -0.490 -0.160 0.106 -0.310 -0.088

Pb 1 0.244 0.137 0.356 -0.226 -0.053
Ni 1 0.266 0.251 0.348 0.225
Mn 1 0.148 0.341 0.352
Zn 1 0.321 0.368
Cr 1 0.950
Cu 1

Table 25: Jan l2 : Correlation coefficient matrix for PM IO  and Trace metal
PM10 Fe Cd Pb Ni Mn Zn Cr Cu

PM IO 1 0.488* 0.434* 0.452* 0.168 0.246 0.409* 0.410* 0.483*
Fe 1 0.266 0.413 0.098 0.567 0.319 0.465 0.448
Cd 1 0.482 0.471 0.088 0.058 0.354 0.576
Pb 1 0.436 0.524 0.018 0.202 0.519
Ni 1 0.520 0.511 -0.306 0.270
Mn 1 0.667 0.113 0.581
Zn 1 -0.068 0.381
Cr 1 0.740
Cu 1
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Table 26: Febl2: Correlation coefficient matrix for P M IO  and Trace metal

PM IO Fe Cd Pb Ni Mn Zn Cr Cu

PM IO 1 0.464* 0.552** 0.525** 0.111 0.154 0.546** 0.565** 0.523*1

Fe 1 0.266 0.47S 0.701 0.111 -0.275 0.510 0.100

Cd 1 0.372 -0.009 0.389 0.248 -0.159 0.403

Pb 1 0.004 0.148 0.195 0.479 0.233

Ni 1 -0.266 -0.181 0.570 0.310

Mn 1 0.261 -0.210 -0.438

Zn 1 0.339 0.460

Cr 1 0.332

Cu

Table 27: March 12: Correlation coefficient matrix for PM IO  and Trace metal

PM10 Fe Cd Pb Ni Mn . Zn Cr Cu

PM10 1 0.446* 0.442* 0.398* 0.271 0.265 0.642** 0.576** 0.564*:

Fe 1 0.500 0.223 0.188 -0.035 0.099 0.290 0.407
Cd 1 0.079 -0.191 -0.193 0.102 0.172 0.716
Pb 1 0.469 0.442 0.044 0.355 -0.410
Ni 1 0.425 0.253 0.570 -0.266
Mn 1 -0.031 0.529 -0.216
Zn 1 -0.029 0.377
Cr 1 0.230
Cu

Table 28: April'12: Correlation coefficient matrix for PM IO and Trace metal

PM10 Fe Cd Pb Ni Mn Zn Cr Cu
PM10 1 0.545** 0.529** 0.437* 0.129 0.196 0.582** 0.472** 0.426:
Fe 1 -0.037 0.282 0.090 -0.249 0.614 0.261 0.559
Cd 1 0.565 0.409 0.339 0.119 0.684 0.574
Pb 1 -0.013 -0.002 0.033 0.546 0.688
Ni 1 -0.031 0.579 0.641 0.419
Mn 1 -0.265 -0.317 0.012
Zn 1 0.486 0.344
Cr 1 0.559
Cu
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Table 29: M ay 12: Correlation coefficient matrix for PM 10 and Trace metal

PM10 Fe Cd Pb Ni Mn Zn Cr Cu

PM10 1 0.474** 0.407* 0.503** 0.170 0.134 0.678** 0.436* 0.607**

Fe 1 0.084 0.079 -0.082 -0.008 0.024 -0.277 0.614

Cd 1 -0.402 -0.084 -0.199 0.380 0.020 -0.102

Pb 1 0.693 0.531 0.201 0.692 0.537

Ni 1 0.485 -0.019 0.628 0.185

Mn 1 -0.114 0.386 0.504

Zn 1 0.572 0.277

Cr 1 0.330

Cu

Table 30: June'12: Correlation coefficient matrix for PM 10 And Trace metal

PM10 Fe Cd Pb HI Mn Zn Cr Cu

PM10 1 0.4128 0.415* 0.591** 0.110 0.187 0.452* 0.515** 0.407:

Fe 1 0.172 0.101 -0.054 0.700 -0.431 0.296 0.064

Cd 1 0.568 0.736 0.211 -0.234 -0.091 0.333

Pb 1 0.529 0.090 0.280 0.526 0.583

Ni 1 -0.027 0.007 -0.418 0.269
Mn 1 -0.252 0.118 0.274

Zn 1 0.125 0.177
Cr 1 0.308
Cu

Table 31: July'12: Correlation coefficient matrix for PM 10 and Trace metals

PM10 Fe Cd Pb Ni Mn Zn Cr Cu
PM10 1 0.453* 0.658** 0.409* 0.151 0.210 0.651** 0.406* 0.523**
Fe 1 0.073 -0.078 -0.084 -0.509 0.265 0.572 -0.234
Cd 1 0.078 0.031 0.231 0.665 -0.347 0.657
Pb 1 0.31 0.39 -0.32 0.320 0.35
Ni 1 0.823 -0.007 -0.178 0.104
Mn 1 0.146 -0.361 0.491
Zn 1 -0.079 0.560
Cr 1 -0.321
Cu
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HEALTH EFFECTS

At elevated levels, all the pollutants including metals have adverse effects on human and environmental 

health. Accumulation of pollutants in the human body through inhalation of air is an important route. 

Results of the present study revealed that higher level of particulate matter especially the PM IO are 

more dangerous for human health and responsible for several cardiovascular and respiratory diseases 

such as asthma, bronchitis, reproductive development, increased risk of preterm birth and even 

mortality and morbidity rate. It is reported that the total daily mortality increased by approximately 1% 

for every 10 ug/m3 increase in PM IO concentration.

Human exposure to particulate air pollution has been identified as a risk factor for human mortality and 

morbidity and many countries have revised the limits for PM IO as previously defined. Nevertheless, PM 

thresholds levels to which exposure does not lead to adverse effects on human health have not yet been 

clearly identified and there is a substantial inter-individual variability in exposure and in the response 

and it difficult to established a standard or guideline value that will lead to a complete protection of 

every individual against ail possible adverse health effects of particulate matter.

The effect of PM depends on the mass and number concentration, shape and size and the composition 

and concentration of other inorganic and organic pollutants associated with it. W e also estimated the 

trace metals associated with PM IO. The inorganic components constitute a small portion by mass of the 

particulates; however, it contains some trace elements such as Cd, Cr, Ni, Pb which are human or 

animal carcinogens even in trace amounts. The high level of Pb can induce severe neurological and 

hematological effects on the exposed population especially children, whereas Cd and Ni are known for 

inducing carcinogenic effects in humans through inhalation. Occupational exposure to Cd is a risk factor 

for chronic lung diseases. Cr (Vi) is known to have toxic and carcinogenic effects. Mn exposure leads to 

increased neurotoxic impairments.

Primary Data Analysis

The sample size for primary data collection was calculated using the standard formula for calculation of 

sample size as given below:

Sample Size

z 2* ( p ) * ( i - p )



Where:
Z = Z value (e.g. 1.96 for 95% confidence level) 
p = percentage picking a choice, expressed as decimal 
(.5 used for sample size needed) 
c = confidence interval, expressed as decimal 
{e.g., .04 -  ±4)

Correction for Finite Population 

ss

new ss= ........ ...... ... - ....

ss-!

l+ _________ __
pop

W h e re : pop = population

The population of the Margherita coal mining (Ledo and Tirap OCP) surrounding area was estimated to 

be approximately 10,000. So considering that as the population size, the sample size was calculated with 

95% confidence level and confidence interval 5, and was found to be 370. Considering 30 more for non -  

response, the sample size was finally decided to be 400

Now out of 400 samples collected the breakup for collection from different locations was as follows:

SI. no. Study locations Estimated population Sample size

1 From workers working in mines 1330 133

2 From workers working at the mine office 500 50

3 From villagers of the nearby areas 1000 100

4 From people beyond the impact zone | 

(control) |

117 (remainder of 400)

A  well structured questionnaire was prepared for collection of p rim ary data fro m  the selected 

sam pling area. Table  13 below  shows the dem ographic and health status of the respondents 

interview ed.
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Table  32: D em ographic and health status of the respondents interview ed.

Particulars 1 Particulars 2 Workers at 
the mines

Workers
atthe
mine
office

Villagers 
of the 
nearby 
area

Control TO TA L

133 50 100 117 400

Sex Male 125 47 54 67 293

Female 8 3 46 50 107

Age (years) 20-30 12 5 19 11 46

31-40 27 10 20 24 82

41-50 43 16 27 38 124

51-60 51 19 ' 33 45 148

Religion Hindu 125 45 81 80 331

Muslim 5 3 14 30 52

Christian 3 2 5 7 17

Service (Years) 0-10 29 11

11- 20 32 12

21-30 39 15

31-40 23 9

Distances between 
working place and 
coal mining 
area (km)

0-10 108 41

11- 20 4 2

21-30 21 8

Suffering from 
diseases

Yes 9 10 19 18 56

No 124 40 79 99 342

Diabetic 1 1 6 7 15

Eye vision 
problem

4 4 : 8 5 21

Brain tum our 1 0 o • 0 1

Malaria 1 0 0 2 3

Neck problem 1 0 Q 1 2

Anaemia 1 2 2 2 7

Skin disease 0 2 1 1 4

Lung disease 0 1 2 0 3

This survey reveals very few conclusions and it appears that out of 183 workers, only 19 are suffering 

from some disease (10.38%) -  this is even lower than that in a non-mining area where out of 217
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respondents 37 were found to be suffering from some disease (17.05%). The general health survey may 

not have been flourishing due to the following reasons:

(i) The workers are unwilling to speak freely,

(ii) They feel that if they speak freely, they will be deprived of some facilities,

(iii) They feel that speaking the truth will debar their children from getting jobs in the mines, and

(iv) In many cases, the workers are also not aware of their health conditions.

Secondary Data analysis

M o re  than 6750 patients records m aintained by th e  hospital authority w e re  collected from  the 

three hospitals Viz. ESIC Hospital, M argherita Civil Hospital and Health centre of M argherita 

Coal m ining area of Assam . Confounding Factors w ere  patients w ith  m in o r diseases like Cough, 

cold, dysentery etc. Patients having m ajor diseases like Brain tu m o u r, GallBfadder Stone, Eye 

disorders etc w e re  considered along w ith the Lung diseases and skin diseases. Table  shows the 

%  of patients w ith  lung disease per hospital and %  of patients w ith  skin disease per hospital. 

O u t of the total patients suffering from  lung disease the highest percentage was found in health 

ce ntre {4 3% ) w hereas out of the total patients suffering fro m  skin disease the highest 

percentage w as reported fro m  in ESIC(47.47%).

Table 33 : Percentage occurrence of lung diseases

Hospitals

Total nu m b e r 

of disease 

found as per 

questionnaire

Total

N um ber of 

disease of

lung

%  of patients 

w ith lung 

disease per 

hospital

%  of patients w ith 

lung disease per 

hospital in respect of 

total lung disease 

patients

ESIC

Hospital

1648 425 25.79 29.99

M argherita

Civil

Hospital

2016 387 19.2 27.31

Health

centre

1712 605 35.33 42.70
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%  of patients w ith  lung disease per hospital in respect of 

total lung disease patients

■  ESIC Hospital BMergherita Civil Hospital E  Health centre

Table 34 : Percentage occurrence of Skin diseases

Hospitals To ta l n u m b e r of 

disease found as 

per

questionnaire

To ta l

n u m b e r c f  

skin diseases

%  of patients 

w ith  skin 

disease per 

hospital

%  of 

patients 

w ith  skin 

disease per 

hospital in 

respect of 

total skin 

disease 

patients

ESIC Hospital 1648 235 14.25 4 7.47

M argh erita  Civil 

Hospital

2016 94 4.66 18.99

Health centre 1712 156 9.69 3 3.54
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%  of patients w ith  skin disease per hospital in respect of 

total skin disease patients

■ ES1C Hospital ■ Margherita Civil Hospital K Health ccntrc

The present study attempted to explore the health condition and health awareness among the local 

inhabitants residing near the coalmine areas of North Eastern Coalfields, Margherita, Assam and the 

study revealed that due to lack of awareness and negligence on the causes and the impacts of 

environmental poilution the local inhabitants residing near the collieries make them susceptible to 

severe health hazards.

References

ABBEY, D.E. ET A L  Long-term inhalable particles and other air pollutants related to Air Quality Criteria 

for Particulate Matter; EPA/600/P-99/002aF; U.S. Environmental Protection Agency: Washington, 

DC, 2004. American college of cardiology, 39: 943-945 (2002).

Anderson, H.R.; Atkinson, R.W.; Peacock, J.L.; Sweeting, M.J.; Marston, L. Am bient Particulate Matter 

and Health Effects: Publication Bias in Studies of Short-Term  Associations; Epidemiol. 2005, 16, 

155-163.

Addis M . C., Simons I. G., & Smart P. L. The environmental impact of opencast operation in the forest of 

Dean, England, Journal of Environmental Management, 1984,19, 7 9-95.

Arditsoglou A., Samara C., Levels of total suspended particulate matter and major trace elements in 

Kosovo: a source identification and apportionment study, Chemosphere, 2005, 59, 669-678.

Bayraktar H, ~uraIiogiu FS, Tuncel G (2010) Average mass concentrations of TSP, PM10 and PM2.5 in 
Erzurum urban atmosphere, Turkey. Stochastic Environmental Research and Risk Assessment 24: 5 7 - 
65. doi: 10.1007/s00477-008-0299-2.

43



BOBAK, M. & LEON, D.A. The effect of air pollution on infant mortality appears specific for respiratory 

causes in the postneonatal period. Epidemiology, 10: 666-670 (1999).

Brunekreef B, Dockery DW, Krzyzanowski M. Epidemiciogic studies on short-term effects of low levels of 

major ambient air pollution components. Environ Health Perspect. 1995;103:3-13.

BRUNEKREEF, B. Air pollution and life expectancy: is there a relation? Occupational and environmental 

medicine, 54: 731-784. (1997).

BURNETT, R. T. ET AL.. On the relationship between time series studies, dynamic Clean Air Scientific 

Advisory Committee Recommendation Concerning the Proposed National Ambient Air Quality 

Standards for Particulate Matter; EPA-CASAC-LTR-06-002; Letter to Stephen L. Johnson, March 21, 

2006.

Cackovic, M., Sega, K., Vadic, V., Beslic, I., 2008. Characterisation of major acidic anions in TSP and PM10 

in Zagreb air. Bulletin of Environmental Contamination and Toxicology 80,112-114.

Callen M.S., de la Cruz M .T., Lopez J.M ., Navarro M.V., Mastral A.M ., Comparison of receptor models for 

source apportionment of the PM10 in Zaragoza (Spain), Chemosphere, 2009, 76,1120-1129.

Chadwick M. J., Highton N. H., & Lindman N. Environmental impacts of coal mining and utilization; 1987, 

295.

Chaulya, S.K., 2004. Spatial and temporal variations of SPM, RPM, S02 and NOX concentrations in an 

opencast coal mining area. Journal of Environmental Monitoring 6,134-142.

Cowherd, C. Jr. Measurements of fugitive dust emissions from haul roads. Report No. EPA-600/7-79- 

182, Research Triangle Park. NC: USEPA, Industrial Environmental Research Laboratory, 1979.

COHEN, A.J. Outdoor air pollution and lung cancer. Environmental health perspectives, 108: 743-750 

(2000).

COMEAP. Cardiovascular Disease and Air Pollution. A Report by theCommittee on the Medical Effects of 

Air Pollutant's Cardiovascular Sub-Group; United Kingdom Department of Health: London, United 

Kingdom, 2006. Commun Health. 2000;54:75C-755.

Dejmek J, Seievan SG, Benes I, et al. Fetal growth and maternal exposure to particulate matter during 

pregnancy. Environ Health Perspect. 1995;107:475-480.

Dejmek J, Solansky I, Benes 1, et al. The impact of polycyclic aromatic hydrocarbons and fine particles on 

pregnancy outcome. Environ Health Perspect. 2000;108:1159-1164.

Dockery DW, Pope CA III. Acute respiratory effects of particulate air pollution. Annu Rev Public Health. 

1994;15:107-132.

DOCKERY, D. W. ET AL Epidemiologic evidence of cardiovascular effects of particulate air pollution. 

Environmental health perspectives, 109: 483-485 (2001).

Engelbrecht, J.P., Swanepoel, L., Chow, J.C., Watson, J.G., Egami, R.T., 2001. PM2.5 and PM10 

concentrations from the Galabotjha Iow-smoke fuels macro-scale experiment in South Africa. 

Environmental Monitoring and Assessment 69,1-15.

44



EZZATi, M. ET AL. Selected major risk factors and global and regional burden of disease. Lancet, 360: 

1347-1360 (2002).

GAUDERM AN, W. J. ET AL. Association between air pollution and lung function growth in southern 

California children. Results from a second cohort. American journal of respiratory and critical care 

medicine, 166: 76-84 (2002).

GHIO, A. J. ET AL. Concentrated ambient air particles induce mild pulmonary inflammation in healthy 

human volunteers. American journal of respiratory and critical care medicine, 162: 981-988 

(2000).

Ghio, A.i.; Huang, Y.-C.T. Exposure to Concentrated Ambient Particles (CAPs): A Review; Inhal. Toxicol. 

2004,16, 53-59.

GLANTZ, S. A. Air pollution as a cause of heart disease. Time for action. Journal of the American college 

of cardiology, 39: 943-945 (2002).

GREENLAND, S. Basic Problems in Interaction Assessment. Environmental health perspectives 1993; 101: 

5 9-66  (1993).

Ghose M. K., Pollution due to air borne dust particles in coal mining, its monitoring and abatement 

measures.Minetech, 1989,10(1), 91-95.

Ghose M. K. & Majee S. R., Characteristics of Hazardous Airborne Dust Around an Indian Surface Coal 

Mining Area; Environ Monit Assess 2007,130:17-25 DO! 10.1007/sl0661-006-9448-6.

Giri, D., Krishna, M.V., Adhikary, P.R., 2008. The influence of meteorological conditions on PM10 

concentrations in Kathmandu Valley. International Journal of Environmental Research 2,49-60.

Gupta, A.K., Karar, K., Srivastava, A., 2007. Chemical mass balance source apportionment of PM 10 and 

TSP in residential and industrial sites of an urban region of Koikata, India. Journal of Hazardous 

Materials 142, 279-287.

Ha EH, Hong YC, Lee BE, et al. Is air pollution a risk factor for low birth weight in Seoul? Epidemiology. 

2001;12:643-648.

He, H.D., Lu, W.Z., 2012. Urban aerosol particulates on Hong Kong roadsides: Size distribution and 

concentration levels with time. Stochastic Environmental Research and Risk Assessment 26, 177- 

187.

HOEK, G. ET AL. Wintertime concentrations of PM10 and Black Smoke from 28 European regions studied 

in the framework of the PEACE study. Atmospheric environment, 31:3609-3622 (1997).

Holgate ST, Samet JM, Koren HS, et ai., eds. Air Pollution and Health. London: Academic Press; 

1999.http://dx.doi.org/ (2003). Circulation, 103:2810-2815 (2001).

Huertas, J.I., Huertas, M.E., Izquierdo, S., Gonzalez, E.D., 2012. Air quality impact assessment of multiple 

open pit coal mines in Northern Colombia. Journal o f  Environmental Management 93,121-129.

45

http://dx.doi.org/


Janes, H.; Sheppard, L ; Lumiey, T . Case-Crossover Analyses of Air Pollution Exposure Data: Referent 

Selection Strategies and Their Implications for Bias; Epidemiol. 2005,16,717-726.

Janes, H.; Sheppard, L ; LumSey, T. Overlap Biss in the Case-Crossover Design, with Application to Air 

Pollution Exposures; Statist. Med. 2005, 24, 285-300.

Jerrett, IVL; Burnett, R.T.; Ma, R.; Pope, C,A., 111; Krewski, D.; Newbold, K.B.; Thurston, G.; Shi, Y.; 

Finkelstein, N.; Calle, E.E.; Thun, M J . Spatial Analysis of Air Pollution and Mortality in Los Angeles; 

Epidemiol. 2005,16, 727-736.

Jerrett, M .; Burnett, R.T.; Willis, A.; Krewski, D.; Goldberg, M.S.; Deluca, P.; Finkelstein, N. Spatial 

Analysis of the Air Pollution- Mortality Relationship in the Context of Ecologic Confounders; J. 

Toxicol. Environ. Health 2003, 66,1735-1777.

Jerrett, M .; Finkelstein, M. Geographies of Risk in Studies Linking Chrionic Air Pollution Exposure to 

Health Outcomes. J. Toxicol. Environ. Health A 2005, 68,13-14,1207-1242.

KATSOUYANNI, K. & PERSHAGEN G. Ambient air pollution exposure and cancer. Cancer causes & control, 

8: 284-291 (1997).

KREWSKI, D. ET AL. Reanalysis of the Harvard Six Cities Study and the American Cancer Society Study of 

Particulate Air Pollution and Mortality. Health Effects Institute Special Report, July 2000.

Kulmala, M. How Particles Nucleate and Grow; Science 2003, 302,1000-1001.

Kumar U., Underground coal mining in India -  challenges and prospects. Transactions M GM I, 1995, 

92(1), 1 -7 .

Kumar, R., Joseph, A.E., 2006. Air pollution concentrations of PM2.5, PM10 and N 02 at ambient and 

kerbsite and their correlation in metro city - Mumbai. Environmental Monitoring and Assessment 

119,191-199.

Kumar V., Ratan S., 2003. Particulate pollution in opencast coal mines. National Seminar on Status of 

Environmental Management in Mining Industry, Banaras Hindu University, Varanasi, India 49-56.

LADEN, F. ET AL.. Association of fine particulate matter from different sources with daily mortality in six 

U.S. cities. Environmental health perspectives, 108: 941-947 (2000).

Laden, F.; Schwartz, J.; Speizer, F.E.; Dockery, D.W. Reduction in Fine Particulate Air Pollution and 

Mortality: Extended Follow-Up of the Harvard Six Cities Study. Am. J. Respir. Crit. Care Med. 2006, 

173, 667-672.

Lebowitz MD. Epidemiological studies of the respiratory effects of air pollution. Eur Respir J. 

1996;9:1029-1054.

Maisonet M, Bush TJ, Correa A, et al. Relation between ambient air pollution and low birth weight in the 

Northeastern United States. Environ Health Perspect. 2001;109:351-356.

MAUDERLY, J.L, Toxicological approaches to complex mixtures. Environmental health perspectives, 101: 

155-165 (1993).

MCDONNELL, W.F. ET AL. Relationships of mortality with the fine and coarse fractions of long-term 

ambient PM10 concentrations in nonsmokers. Journal of exposure analysis and environmental 

epidemiology, 10: 427-436 (2000).

46



Moore, C ;  Bates, D. An inconvenient Reality; Health Clean Air Newsletter 2006,1,1-12.

Morgenstern H, Thomas D. Principles of study design in environmental epidemiology. Environ Health 

Perspect. 1993;101: 23-38.

Magas O.K., Gunter J.T., Regens J .L , Ambient air pollution and daily pediatric hospitalizations for 

asthma, Environmental Science and Pollution Research, 2007,14,19-23.

Merefield J. R., Stone I., Roberts J., Dean A. & Jones J. Monitoring air borne dust from quarrying and 

surface mining operations. Transactions Institutions of Mining and Metals (Section A; Mining 

Industry) 1995,194, A76-78.

Melaku, S., Dams, R., Moens, L  Determination of trace elements in agricultural soil samples by 

inductively coupled plasma-mass spectrometry : microwave acid digestion versus aqua regia 

extraction. Analytica Chimica Acta, 2005, 543,117-123.

National Ambient Air Quality Standards for Particulate Matter, Proposed Rule. Fed. Regist. 2006, 71(10), 

2620-2708.

NEMMAR, A. ET A L  Passage of inhaled particles into the blood circulation in humans. Circulation, 105: 

411-414 (2002).

NYBERG. F. ET A L  Urban air pollution and iung cancer in Stockholm. Epidemiology, 11:487-495 (2000).

Nair, P. K., & Sinha, J. K. Dust control at deep hole drilling for open pit mines and development of a dust 

arrestor, journal of Mines, Metals and Fuels, 1987,35(8), 360-364.

Oberdorster, G.; Oberdorster, E.; Oberdorster, J. Nanotoxicoiogy: An Emerging Discipline Evolving from 

Studies of Ultrafine Particles; Environ. Health Perspect. 2005, 113, 823-839. Office for Europe, 

2000 (W HO Regional Publications, European Series, No 91).

PEKKANEN, J. ET AL. 2002. Particulate air pollution and risk of ST-segment depression during repeated 

submaximal exercise tests among subjects with coronary heart disease: the Exposure and Risk 

Assessment for Fine and Ultrafine Particles in Ambient Air (ULTRA) study. Circulation, 106: 9 3 3 - 

938 (2002).

Pereira LA, Loomis D, Conceicao GM , et al. Association between air pollution and intrauterine mortality 

in Sao Paulo, Brazil. Environ Health Perspect. 1998;106:325-329.

Perera FP, Whyatt RM, iedrychowski W , et al. Recent developments in molecular epidemiology: a study 

of the effects of environmental polycyclic aromatic hydrocarbons on birth outcomes in Poland. Am 

J Epidemiol. 1998;147:309 -31 4 .

PETERS, A. ET AL. Air pollution and incidence of cardiac arrhythmia. Epidemiology, 1 1 :1 1 -1 7  (2000).

PETERS, A. ET AL. Increased particulate air pollution and the triggering of myocardial

PETERS, A. ET AL. Particulate air pollution is associated with an acute phase response in men; results 

from the MONICA-Augsburg Study. European heart journal, 22:1198-1204 (2001).

PETROVIC, S. ET AL. Cardiorespiratory effects of concentrated ambient PM2.5: a pilot study using

controlled human exposures. Inhalation toxicology, 12:173-188 (1999).

Pope CA Hi, Bates DV, Raizenne ME. Health effects of particulate air pollution: time for reassessment? 

Environ Health Perspect. 1995;103:472-480.

47



Pope CA III. Epidemiology of fine particulate air pollution and human health: biologic mechanisms and 

who's at risk? Environ Health Perspect. 2000;108:713-723.

POPE, C. A. ET AL. Lung cancer, cardiopulmonary mortality, and long-term exposure to fine particulate 

air pollution. Journal of the American medical association, 287:1132-1141 (2002).

PUTAUD, J.P. ET AL. A European Aerosol Phenomenology: physical and chemical characteristics of 

particulate matter at kerbside, urban, rural and background sites in Europe. 

http://ies.jrc.cec.eu.int/Downioad/cc, Joint Research Centre, Ispry. Italy. (2002).

Pagano P., de Zaiacomo T., Sea reel la £., Bruni S. and Calamosca M. Mutagenic Activity of Total and

Particle-Sized Fraction of Urban Particulate Matter, Environ Sci Technol, 199830: 3512-16.

Prieditis H., Adamson I.Y.R., Comparative pulmonary toxicity of various soluble metals found in urban 

particulate dusts. Experimental Lung Research 2002, 28, 563-576.

Park, S.S., Kim, Y.J., Source contributions to fine particulate matter in an urban atmosphere, 

Chemosphere 2005, 59, 217-226.

Quiterio S.L., da Silva C.R.S., Arbilla G., Escaleira V., Metals in airborne particulate matter in the 

industrial district of Santa Cruz, Rio de Janeiro, in an annual period, Atmospheric Environment, 

2004, 38, 321-331.

Ravichandran, Cv Chandrasekharan, G.E., Srikanth, S., 1998. A short report on ambient air quality inside 

and outside Tiruchirapalli city. Indian Journal of Environment Protection 18,440-442.

Reddy, G.S., Ruj, B., 2003. Ambient air quality status in Raniganj-Asansol area, India. Environmental 

Monitoring and Assessment 89,153-163.

Roosli M., Theis G., Kunzli N., Staehelin J.,Mathys P., Oglesby L , Camenzind M. and Braun-Fahrlander C. 

Temporal and Spatial Variation of the Chemical Composition of PM 10 at Urban and Rural Sites in 

the Basel Area,Switzerland, Atmos Environ, 2001, 35(21), 3701-13.

Ritz B, Yu F, Chapa G, et al. Effect of air pollution on preterm birth among children born in Southern 

California between 1989 and 1993. Epidemiology. 2000;11:502-511.

Sakai R. Fetal abnormality in a Japanese industrial zone. Int J Environ Stud. 1984;23:113-120.

Saldiva PH, Pope CA III, Schwartz J, et al. Air pollution and mortality in elderly people: a time-series study 

in Sao Paulo, Brazil. Arch Environ Health. 1995;50:159-163.

SAMET, J. & JAAKKOLA, JJ.K. The epidemiologic approach to investigating outdoor air pollution. In : 

Holgate, S.T. et a I, ed. Air pollution and health. London, Academic Press 1999.

Schlesinger, R.B.; Cassee, F. Atmospheric Secondary Inorganic Particulate Matter: The Toxicological 

Perspective as a Basis for Health Risk Assessment; Inhal. Toxicol. 2003, 15,197-235.

Schlesinger, R.B.; Ku nzli, N.; Hidy, G .M .; Gotschi, T .; Jerrett, M. The Health Relevance of Ambient 

Particulate Matter Characteristics: Coherence of Toxicological and Epidemiological Inferences; 

inhal. Toxicol. 2006,18, 95-125.

Schwartz J. Air pollution and daily mortality: a review and meta analysis. Environ Res. 1994;64:36-52.

Schwartz J. W hat are people dying of on high air pollution days? Environ Res. 1994;64:26-35.

48

http://ies.jrc.cec.eu.int/Downioad/cc


Seneviratne, M.C.S., Waduge, A.V., Hadagiripathira, L , Sanjeewani, S., Attanayake, T., Jayaratne, N., 

Hopke, P X , 2011. Characterization and source apportionment of particulate pollution in 

Colombo, Sri Lanka. Atmospheric Pollution Research 2, 207*212.

Sinha, S., Sheekesh, S., 2002. Air quality status and management options for the mining belt of Goa. 

Indian Journal of Environment Protection 22, 241-253.

Steib, D.M .; Judek, S.; Burnett, R.T. Meta-Analysis of Time-Series Studies of Air Pollution and Mortality: 

Effects of Gases and Particles and the Influence of Cause of Death, Age, and Season; J. Air & Waste 

Manag. Assoc. 2002, 52, 470-484.

Steib, D.M .; Judek, S.; Burnett, R.T. Meta-Analysis of Time-Series Studies of Air Pollution and Mortality: 

Update in Relation to the Use of Generalized Additive Models; J. Air & Waste Manag. Assoc. 2003, 

53, 258-261.

SUWA, T. ET AL. Particulate air pollution induces progression of atherosclerosis, Journal of the American 

College of Cardiology, 39: 935-942 (2002).

Sinha, S., Banerjee, S.P. Characterization of haul road dust in an indian opencast iron ore mine. 

Atmospheric Environment 1997, 31, 2809-2814.

Shah M .H., Shaheen N., Jaffar M., Khalique A., Tariq S.R., Manzoor S., Spatial variations in selected metal 

contents and particle size distribution in an urban and rural atmosphere of Islamabad, Pakistan, 

Journal of Environmental Management, 2006, 78,128-137.

Shah M.H., Shaheen N., Seasonal behaviours in elemental composition of atmospheric aerosols 

collected in Islamabad, Pakistan, Atmospheric Research, 2010, 95,210-223.

Trivedi, R., Chakraborty, M., Prasad, Nv Tiwary, R.K., 2007. A study of source wise emission inventory for 

air quality modeling in Padampur opencast project of Western Coalfields Limited, India. Mining 

Engineer's Journal 9,20-27.

Tsai, Y.I., Cheng, M .T., Characterization of chemical species in atmospheric aerosols in a metropolitan 

basin, Chemosphere, 2004,54,1171-1181.

UNITED STATES EPA. Air Quality Criteria for Particulate Matter (Third External Review Draft) 

Environment Protection Agency, 600/P-99/002aB,

http://cfpub.epa,gov/ncea/cfm/partmattcfm?ActType=default (2002).

Vallius, M., 2005. Characteristics and sources of fine particulate matter in urban air. National Public 

Health Institute, Department of Environmental Health Kuopio, Finland.

von Klot, S.; Peters, A.; Aalto, P.; Bellander, T.; Berglind, N;. D'lppoliti, D.; Elosua, R.; Ho“rmann, A.; 

Kulmaia, M.; Lanki, T.; Lo'wel, H.; Pekkanen, J.; Picciotto, S.; Sunyer, J.; Forastiere, F. Ambient Air 

Pollution Is Associated with Increased Risk of Hospita! Cardiac Readmissions of Myocardial 

Infarction Survivors in Five European Cities; Circulation 2005,112, 3073-3079.

Vorherr H. Factors influencing fetal growth. Am J Obstet Gynecol. 1982;142:577-588.

Wang X, Ding H, Ryan L, et al. Association between air pollution and low birth weight: a community- 

based study. Environ Health Perspect. 1997;105:514-520.

49

http://cfpub.epa,gov/ncea/cfm/partmattcfm?ActType=default


Watson, J.G.; Chow, J.C.; Lowenthai, D.H.; Kreisberg, N.M .; Hering, S.V.; Stolzenburg, M.R. Variations of 

Nanoparticle Concentrations at the Fresno Supersite; Sci. Total Environ. 2006, 358,178-87.

W HO  Air Quality Guidelines Global Update 2005; Report on a Working Group Meeting, Bonn, Germany, 

October 18-20, 2005; World Health Organization, Regional Office for Europe: Copenhagen, 

Denmark, 2005.

Wojas, B., Almquist, C., 2007. Mass concentrations and metals speciation of PM2.5, PM10, and total 

suspended solids in Oxford, Ohio and comparison with those from metropolitan sites in the 

Greater Cincinnati region. Atmospheric Environment 41, 9064-9078.

WOODRUFF, T J .  ET A L  The relationship between selected causes of postneonatal infant mortality and 

particulate air pollution in the United States. Environmental health

World Health Organization Occupational and Environmental Health Team. Guidelines for Air Quality. 

Geneva: W H O ; 2000.

Wild P., Bourgkard E., Paris C., Lung cancer and exposure to metals: the epidemiological evidence, 

Method Molecular Biology, 2009,472,139-167.

Watson J.G., Zhu T., Chow J.C., Engelbrecht J., Fujita E.M., Wilson W .E., Receptor modeling application 

framework for particle source apportionment, Chemosphere, 2002,49,1093-1136.

Xu X, Ding H, Wang X. Acute effects of total suspended particles and sulfur dioxides on preterm delivery: 

a comm unity-based cohort study. Arch Environ Health. 1995;50:407-415.

Yong-hua Xue, Jian-hui Wu, Yin-chang Feng, Li Dai, Xiao-hui Bi, Xiang Lil„  Tan Zhu,Shi-bao Tang, Mei-
fang Chen. Source Characterization and Apportionment of PM10 in Panzhihua, China. Aerosol and Air
Quality Research, 10: 367-377, 2010.

Zanobetti, A.; Schwartz, J. The Effect of Particulate Air Pollution on Emergency Admissions for 

Myocardial Infarction: A Multi city Case-Crossover Analysis; Environ. Health Perspect. 2005, 113, 

978-982.

50



Conclusions and recommendations

W e  have m onitored air pollutants such as PMio, SPM and som e elem ent associated with PM 10 and 

our data showed the following

• D ue to opencast coal m ining, the w o rk  zone as w ell as a m b ie n t air w e re  found to  be 

highly polluted w ith  respect to  dust in the stu d y area.

o Th e  P M 1 0  and SP M  w e re  found to be alarm ingly high and m a y affect h u m a n health.

• Dispersion of these finer particles creates serious p roble m s in and a round  m ining 

com plexes. M o re  stringent air quality standards should be a dopte d  fo r coal m ining areas 

to p reve n t harm ful effects to hum an health and vegetation.

• The se  data m a y be useful for the effective design of air pollution contro l e q u ip m e n t for 

coal m ining areas. B roa der discussion of th e  p ro b le m  suggests th a t th e  social and the 

e n viro n m e n ta l cost m ust outw eigh th e  e conom ic benefits of m ining.

• This  study should m ake m ine officials aw are  o f th e  co n trib u tio n  of a irborne dust by 

opencast coal m in in g  and th eir characteristics, and should enable th e m  to  take 

a p pro pria te  steps for environm e ntal m a n a ge m e n t.

• Results indicate that PM10 and associated metals are one of the major causes for deterioration 

of ambient air quality.

• Overall, continuous accumulation of different types of pollutants and their exposure to 

hum an being needs em ergency attention of the policy m aker, researchers and regulatory 

agencies.

• The  present study suggests that it is necessary to  m onitor the air quality as well as the 

health effects at regular intervals at strategic locations.

• Awareness programme for open cast coal mining activities must be conducted.

® Considering the severe non response from the respondents, a well planned strategy must be

prepared for collection of effective primary data.
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