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threshold maintained for dynamically updating population size, crossover and mutation probabilities restricts
the unwanted attributes and retains only optimal features
in the population. BAGEL supports this process by efficient imputation of missing values. The proposed algorithm is implemented on real datasets. The results show
that the classification accuracy obtained on the processed
datasets is better than other existing algorithms. DGAFSMI can thus reduce the burden of clinicians and help
them in efficient analysis of microarray datasets.
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Occupational particulate matter (PM) concentrations
were measured during November 2014 along a road
network in the mining and non-mining areas at Jharia
coalfield, Dhanbad, Jharkhand, India. The monitoring
was conducted for a week in the peak time using a
portable GRIMM (model 1.109) aerosol spectrometer.
Measured PM was designated as inhalable, thoracic
and alveolic particles for aerodynamic diameter 10–
34, 4–10 and less than 4 m respectively. The main
sources of PM along the roadside in the study area
were mining operations as well as heavy traffic and
resuspension of road dust. Concentration of inhalable
particles was maximum at Bankmore (BMO), whereas
concentration of thoracic and alveolic particles was
maximum at Katrasmore (KMO) in the mining area.
Concentration of all three types of particles was minimum at the Indian School of Mines in the non-mining
area. The distribution curves of inhalable particles
were positively skewed and platykurtic in nature,
whereas for thoracic and alveolic particles these
curves were positively skewed at all locations, except
BMO and also platykurtic in nature, except Godhar
(GDR). Contribution of alveoli particle sizes for 0.375
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and 2.750 m was observed to be significant in the
mining area, whereas thoracic particle size for
5.750 m and inhalable particle size for 22.500 m
were also observed to be higher in the mining area,
except Matkuria check post and Kustaur. The results
reveal that residents and local passengers were exposed to a prodigious amount of inhalable, thoracic
and alveolic concentrations in the mining area, mostly
at BMO, GDR and KMO.
Keywords: Open cast coal mining, particulate matter,
road network, traffic volume count.
PARTICULATE matter (PM) is a leading concern for public
working and residing along the roadside with respect to
health problems such as acute and chronic respiratory
symptoms and cardiopulmonary sickness1–4. Health problems are also related to size and composition of trafficrelated PM with toxicological evidence5. Huge amounts
of PM are generated in and around surface mining areas
due to operational use of high-capacity machines6–8. The
increasing use of motor vehicles in urban areas is also a
major source of generation of PM emission 9,10. Finer
particles in diameter between 0.1 and 1 m can stay in
the atmosphere for days or weeks, and thus are subject to
long-range transboundary transport in the air 11. Earlier
studies also showed the impact of PM generated from
coal mining on human health, such as lung and kidney
diseases, and asthma due to the presence of high concentration of PM and associated pollutants such as heavy
metals12,13. Several researchers reported that concentration of PM along the roadside due to various activities
(automobiles, industries, mines and domestic fuel combustion) is more than the permissible limit provided by
the World Health Organization (WHO) and Indian National Ambient Air Quality Standards (NAAQS), which
has affected the environment and human health in
India14–21. Particle size is a significant feature characterizing the properties and behaviour of aerosols. The majority of aerosols have a broad sizes range and their
properties depend on variation in particle size. Particles
of size range from 0.001 to 100 m generally remain suspended in the air. Particles small enough may be inhaled
through the nose or mouth or both, under average conditions. Suspended particles are commonly classified as follows: less than 4 m in diameter (alveolic fraction);
between 4 and 10 m diameter (thoracic fraction); greater
than 10 m diameter (inhalable fraction). The upper limit
for inhalable particles is not defined. Sometimes PM10
can be considered as thoracic fraction for interpretation
of result, however it includes both alveolic and thoracic.
The respirable particles can reach the alveolar region of
the respiratory system; however, about 50% of the particles (4.0 m) is transmitted through the alveoli. Studies
have shown that PM deposits in the respiratory tract depend on the aerosol particle size (e.g. the aerodynamic
diameter size distribution), duration of exposure, effi132

ciency of the exposure system delivery, ventilation rate of
the subject, the species and strain, and other factors22.
India is the fastest growing and the second heavily
populated country in the world, with an estimated population of 1.2 billion 23. It is facing severe problem of
environmental degradation in terms of air pollution in the
cities. Dhanbad is also facing the problem of air pollution
due to rapid increase in motor vehicles (Jharkhand Transport Department, India), large population (32,988,134;
Census of India, 2011) and major coal mining field. Problems of air pollution and generation of dust are more
critical in the cities like Dhanbad due to narrow width
and poor surface quality of roads. Jharia coalfield (JCF)
in Dhanbad has been classified as a non-attainment
area24, because it exceeds NAAQS and air pollution
levels in the roadside areas are increasing at an alarming
rate8,25,26.
Gautam et al.20 reported higher variation of PM in
terms of size range 10–20 m (inhalable), 4–10 m (thoracic) and <4 m (alveolic) in various places of three
Indian opencast mines. The results show a greater fraction of inhalable PM compared to thoracic and alveoli
PM. Here we study the profile of particles of various size
range in ambient air along the roadside of JCF20. PM
samples were collected with the help of a portable
GRIMM (model 1.109) aerosol spectrometer. We assessed the concentration of respirable particulates and
particulate concentration with respect to occupational
health, specifically inhalable, thoracic and alveoli fractions generated due to different mining activities and the
movement of various types of vehicles along the roads in
two different areas (mining and non-mining).
Monitoring locations were chosen to represent ‘mining’ (JCF) and ‘non-mining’ (Dhanbad city) areas to
monitor of air quality along the roadside at Dhanbad.
(23.80N, 86.45E) (Figure 1). Eight monitoring locations were selected according to IS 5182 Part-XIV (ref.
27) in the mining area of JCF along the main route from
Dhanbad to Ranchi National Highway (NH-32), bypass
of Jharia to Kenduadeeh road that is bounded by the open
cast coal mine of JCF (Figure 1). One more location was
selected to represent the non-mining area in Dhanbad city
at the main gate of the Indian School of Mines (ISM),
Dhanbad, along the sides of NH-32. The non-mining area
was selected for comparing air quality; it is located at
about 7 km northeast of JCF, covering a road network of
about 25 km. These locations were selected keeping in
mind the various industrial/mining and commercial
activities along with vehicular load and human population
in them. Table 1 provides the details of monitoring locations and their respective GPS coordinates.
PM concentration was monitored during 14–20 November 2014 (working days) at hourly frequency. Samples were collected during peak hours of traffic between
9.00 and 11.00 a.m. as well as 4.00 and 6.00 p.m.
Occupational PM parameters designated as inhalable
CURRENT SCIENCE, VOL. 112, NO. 1, 10 JANUARY 2017
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Figure 1.

Map of monitoring location in the study area.

(PMinhalable), thoracic (PMthoracic) and alveoli (PMalveoli) for
particle size range 10–34, 4–10 and <4 m respectively,
were monitored using a portable GRIMM (model 1.109)
aerosol spectrometer (GRIMM Aerosol, Technik GmbH
& Co. KG, Germany; sensitivity: <1 ng m–3 (aerosoldependent); reproducibility: 3%; accuracy: 0.1 mg/m3 ).
The sizes of the inhalable, thoracic and alveolic particles
were chosen according to the literature20,28. The instrument was placed at a distance up to 20 m from the centre
of the road; the sampling inlet was placed at 1.2 m from
the ground level and data were recorded at 1 min intervals. The instrument can directly record particle concentration and particle number count over a wide size range
from 0.25 to 34 m in 31 size channels and also in terms
of inhalable, thoracic and alveoli fractions as well as
simultaneously PM10, PM2.5 and PM1, which gives a
CURRENT SCIENCE, VOL. 112, NO. 1, 10 JANUARY 2017

direct reading of PM concentration 29. The instrument can
also measure PM concentration with inlet flow rate of 1.2
litre min–1 in time intervals ranging from 6 sec to 60 min.
Air enters the instrument via the sample inlet. Particles in
the air sample are detected by light scattering inside the
measuring cell. The scattering light pulse of each particle
is counted and intensity of its scattering light signal classified to a certain particle size.
The main advantage of this instrument is direct reading
of particulate concentration. Other advantages are that it
is easy to operate, requires low maintenance, and has the
ability to run for long periods without specific supervision over other real-time measurement instruments. The
GRIMM spectrometer has been widely used to measure
particle concentration in real time on hourly basis in the
size range 0.23–20 m at half hourly intervals21,30–32.
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Table 1.

Details of monitoring locations and their characteristics

Coordinate
Location

Location ID

N

E

Description

Bankmore

BMO

234718.4

862511.6

BMO is a major junction in Dhanbad consisting of all types of activities
such as commercial, residential and heavy traffic. Vehicle load is also
maximum at this junction due to connection of all major roads.
Mining and industrial activities are within 1 km from this junction.

Matkuria check post

MCP

234714.1

862414.6

MCP consists of residential, commercial and nearby industrial/mining
activities. Load of industrial activities is predominant among
activities. Traffic also consists of low and heavy vehicles.

Godhar

GDR

23472.9

862343.6

GDR consists mainly of industrial and mining activities. Few residential
areas are also seen. Traffic load is medium. Load of industrial
activities and heavy vehicles is predominant among activities.

Kenduadeeh

KDH

234632.4

862248.8

KDH is a junction in industrial and mining area. This point consists of
commercial, residential and nearby mining activities. Vehicle load is
also maximum at this junction due to connection of bypass and
NH-32 roads.

Kustaur

KUS

234540.5

862326.1

KUS consists of mining, commercial and residential activities with
low traffic density.

Katrasmore

KMO

234454.5

862436.0

KMO is a junction in the mining area. This point consists of
commercial, residential and nearby industrial/mining activities.
Vehicle load is also maximum at this junction due to connection of
bypass and Jharia town roads.

Bastacola

BCO

234529.1

862442.0

BCO consists of residential, commercial and nearby industrial/mining
activities. It also has medium traffic. This is the main connecting road
to Jharia town.

Dhansar

DHR

234643.0

862445.6

DHR consists of commercial, residential and mining activities.
It also has medium traffic. Commercial activities are predominant
at this point.

ISM gate
(non-mining area)

ISM

234832.5

862633.6

ISM Gate is in the non-mining area. It consists of commercial and
residential activities. Traffic load is medium consisting of
commercial and personal vehicles predominantly during day hours.

Figure 2. Variation in the concentration of inhalable, thoracic and
alveolic particles with respect to TVC.

The traffic flow count was made manually on an hourly
basis during the monitoring period at each selected loca134

tion. The vehicles were categorized into six groups, such
as two-wheelers (2W), three-wheelers (3W), fourwheelers (4W), bus, carriers and heavy truck/Hyva truck
(HT). Traffic growth from 2003–04 to 2013–14 was
obtained from the Jharkhand Transport Department. The
meteorological parameters, for example, temperature (C),
rainfall (mm), humidity (%), pressure (millibar), wind
speed (m s–1), and wind direction (degree) were collected
from the weather monitoring station installed at the
Department of Environmental Science and Engineering
(ESE), ISM, Dhanbad during the monitoring period for
correlation. Statistical parameters were calculated for
each particle for various locations.
Figure 2 shows the variation in the concentration of
inhalable, thoracic and alveolic particles with respect to
traffic volume count (TVC). Concentration of inhalable,
thoracic and alveolic particles was observed to be about
three times higher compared to ISM, mainly at BMO,
CURRENT SCIENCE, VOL. 112, NO. 1, 10 JANUARY 2017
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GDR and KMO. Concentration of inhalable, thoracic and
alveolic particles at BMO, GDR and KMO was respectively 2.5, 2.3 and 2.2 times higher than ISM. The coarse
and fine particles were formed due to mining activities,
heavy traffic and resuspension of road dusts near coal
mining areas21,33. Hence the proportion of such particles
was high in these regions.
Figure 2 indicates the variation in the particle concentration with respect to TVC, except for GDR. This may
due to the presence of the nearby mining area and more
number of Hyva trucks. These trucks are used for transportation of coal in the mining areas. Similar studies have
been made by a number of researchers17,34.
The concentration of inhalable, thoracic and alveoli
particles was higher at BMO, GDR, KDH and KMO in
the mining area, which can affect human health, like eye,

Figure 3. a, Hourly average variation of traffic. b, traffic composition
at each location. c, number of registered vehicles in Dhanbad, Jharkhand, India (source: Jharkhand Transport Office).
CURRENT SCIENCE, VOL. 112, NO. 1, 10 JANUARY 2017

nose and throat irritation, coughing or wheezing, cardiopulmonary disease and headache2,4,34.
Figure 3 a–c shows the variation of traffic, composition
and growth in the number of motor vehicles in Dhanbad
respectively. Traffic was monitored to strengthen the
available background information on the type of vehicles
generally found and the associated traffic flow patterns in
the selected locations during the monitoring period. Figure 3 a shows hourly average traffic flow at all locations.
Average traffic flow was maximum at BMO and followed
by KDH, KMO and DHR. Figure 3 b shows a larger
number of Hyva trucks at BMO, GDR, and KMO, which
is the leading cause of particulate pollution in these locations. The number of two-wheelers and three wheelers
was more than 50% of total traffic in all the monitoring
locations. The composition of aerosols and particles depends on their source. According to the Jharkhand Transport Department, the number of vehicles on the road
showed an increasing trend with time mainly during
2003–04 to 2006–07. Figure 3 c shows the growth of
various types of registered vehicles in Dhanabd district
over the last 12 years. Higher growth rate of vehicles and
movement of old, larger vehicles (more than 10 years) are
the major causes of air pollution in the study area along
the roadsides as well as the surroundings.
Average mass concentration of inhalable, thoracic and
alveoli particles was analysed statistically, from open cast
coal mining as well as vehicular pollutants in mining and
non-mining areas (Table 2). Concentration of inhalable
particles with mean  standard deviation, median and coefficient of variation values for the most part BMO
(467.89  192.32, 465.04 g m –3 and 0.41); GDR
(441.77  251.68, 356.04 g m–3 and 0.57); and KMO
(407.77  156.81, 392.77 g m–3 and 0.38) was around
three times higher than ISM (188.16  77.58,
176.24 g m –3 and 0.41). The standard deviation is very
high, indicating that the curves are not normal for the
above locations; they are platykurtic in nature, except at
DHR. Skewness shows a positive value, indicating that
the distribution of curves is positively skewed, i.e. the
right tail of the distribution is longer than the left tail at
all locations. Concentration of thoracic particles at
BMO (313.90  110.20, 317.12 g m–3 and 0.35), GDR
(301.79  126.58, 260.95 g m–3 and 0.42), and KMO
(309.50  92.00, 300.37 g m–3 and 0.30) was approximately three times higher than ISM (124.70  35.39,
121.11 g m–3 and 0.28). The standard deviation is very
high indicating that the curves are not normal; they are
platykurtic in nature, except at GDR, KDH and KUS
among other locations. The distribution of the curves
is positively skewed at all locations, and negatively
skewed at BMO. Concentration of alveoli particles at
BMO (150.07  36.57, 155.36 g m–3 and 0.24); GDR
(174.92  53.65, 157.34 g m–3 and 0.31), and KMO
(181.37  40.79, 183.68 g m–3 and 0.22) was approximately three times higher than ISM (59.99  12.22,
135
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Statistical analysis of the concentration (g m–3 ) of inhalable, thoracic and alveolic particles

Table 2.

Monitoring location
Parameter

BMO

MCP

GDR

KDH

KUS

KMO

BCO

DHR

ISM

Inhalable particles

Average
SD
Median
Skewness
Kurtosis
COV

467.89
192.32
465.04
0.01
–1.17
0.41

209.36
117.91
168.24
1.36
1.17
0.56

441.77
251.68
356.04
1.11
0.94
0.57

381.45
284.20
263.87
1.63
2.23
0.75

183.43
85.56
153.08
1.62
2.82
0.47

407.77
156.81
392.77
0.81
1.02
0.38

213.29
69.40
203.78
0.64
0.02
0.33

268.99
66.64
253.84
1.45
3.17
0.25

188.16
77.58
174.24
1.22
2.46
0.41

Thoracic particles

Average
SD
Median
Skewness
Kurtosis
COV

313.90
110.20
317.12
–0.01
–0.89
0.35

144.67
49.35
131.76
1.45
2.35
0.34

301.79
126.58
260.95
1.26
1.78
0.42

241.25
116.87
193.94
1.68
2.94
0.48

132.82
38.03
121.60
1.92
4.91
0.29

309.50
92.00
300.37
0.77
0.86
0.30

171.27
42.69
164.25
0.61
–0.06
0.25

224.49
36.83
221.48
1.04
1.96
0.16

124.70
35.39
121.11
0.69
0.50
0.28

Alveolic particles

Average
SD
Median
Skewness
Kurtosis
COV

150.07
36.57
155.36
–0.33
–0.95
0.24

86.45
14.46
83.20
1.16
1.64
0.17

174.92
53.65
157.34
1.54
2.20
0.31

137.55
45.78
122.64
2.31
6.79
0.33

83.71
15.34
78.24
2.28
6.64
0.18

181.37
40.79
183.68
0.52
0.75
0.22

108.47
21.36
101.51
0.97
0.31
0.20

140.18
13.98
138.36
0.64
0.02
0.10

59.99
12.22
58.50
0.86
0.82
0.20

SD, Standard deviation; COV, Coefficient of variation.

Table 3.

Statistical correlation analysis of inhalable, thoracic and alveolic particles
Parameter

Thoracic vs inhalable
Location
BMO (n = 85)
MCP (n = 97)
GDR (n = 97)
KDH (n = 131)
KUS (n = 112)
KMO (n = 160)
BCO (n = 84)
DHR (n = 104)
ISM (n = 95)

Alveolic vs inhalable

Best fit equation

R2

Best fit equation

R2

y = 1.586x – 29.98
y = 2.055x – 88.00
y = 1.620x – 47.37
y = 2.086x – 122.00
y = 1.873x – 65.43
y = 1.389x – 25.01
y = 1.431x – 31.94
y = 1.556x – 80.36
y = 1.707x – 24.75

0.83
0.74
0.66
0.74
0.69
0.81
0.78
0.74
0.61

y = 4.443x – 198.92
y = 3.080x – 56.89
y = 2.889x – 63.65
y = 3.925x – 158.50
y = 2.761x – 47.73
y = 2.594x – 62.59
y = 2.141x – 18.96
y = 2.749x – 116.49
y = 3.758x – 37.31

0.71
0.14
0.38
0.40
0.25
0.60
0.43
0.33
0.35

58.50 g m–3 and 0.20). The value of kurtosis is less than
3, indicating that the curve is platykurtic in nature except
at GDR, KDH and KUS, where it is leptokuortic. The distribution of curves is positively skewed, except at BMO.
A similar study was made recently on the exposure to inhalable, thoracic and alveolic particles with respect to
various modes of transportation in Delhi35. Gautam et
al.20 reported higher variation in concentration of inhalable, thoracic and alveoli particles at various places of
three Indian opencast mines.
Table 3 presents the correlation between thoracic
versus inhalable, alveolic versus inhalable, and alveolic
versus thoracic particles. Correlation of thoracic and inhalable was significant at all locations while alveolic and
thoracic was significant at all locations except MCP. Correlation of alveolic and inhalable was maximum at BMO
136

Alveolic vs thoracic
Best fit equation
y
y
y
y
y
y
y
y
y

= 2.739x
= 2.183x
= 2.103x
= 2.257x
= 1.793x
= 1.980x
= 1.780x
= 2.139x
= 2.567x

– 97.14
– 44.11
– 66.08
– 69.21
– 17.28
– 48.37
– 21.82
– 75.34
– 29.32

R2
0.83
0.41
0.79
0.78
0.52
0.84
0.79
0.66
0.79

and KMO in comparison to other locations. This may be
due to generation of more inhalable particles in comparison to alveolic particles from road traffic. The inhalable,
thoracic and alveolic particle concentration was typically
higher at BMO, GDR and KMO, with better coefficient
of fitness due to high traffic and mining activities.
Meteorology plays a significant role for distribution of
pollutant in ambient air 36–38. Hourly average meteorological parameters such as temperature, humidity, wind
speed, atmospheric pressure, dew point and solar radiation were observed to be 23.4C, 52.4%, 2.2 m s–1,
981.8 millibar, 11.7C and 163.9 Wm–2 respectively,
throughout the monitoring period (Table 4). No rainfall
was recorded during the monitoring period. Fractions of
wind speed were found in the range 0.5–2.1 m s–1, which is
more than 50% during monitoring. This was significantly
CURRENT SCIENCE, VOL. 112, NO. 1, 10 JANUARY 2017
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slower and less than 3 m s–1. The atmospheric condition
was stable during the monitoring period.
Figure 4 shows the variation of inhalable, thoracic and
alveolic particle mass composition at different monitoring
locations. Contribution of mass in various size
fractions of inhalable particles was separated by size
(PMinhalable–thoracic, PMthoracic–alveolic and PMalveolic). The
study showed that the dominant composition of PM alveolic
particles was between 32% and 52% at all locations, except
non-mining area, whereas PMthoracic-alveolic particles was
between 26% and 35% at all locations. Burning of coal
and coal transportation through the road are a main
source of alveolic particles. Mining plays a main role in
the generation of alveolic particles, mainly at KUS,
KMO, BCO and DHR. The proportion of alveolic particles was observed to be higher in the study area. These
particles of dust can deeply penetrate into the unciliated
airways of the lung (the alveolar region) and be absorbed
directly into the pulmonary circulation system39. Previous
studies have reported that coal mining activities and
movement of vehicles are the major source of generation
of coarser and fine particles; the finer particles stay for a
longer time in the environment11,20. The analysis showed
that majority of alveolic mass particles fall under inhalable particles mass concentration. Earlier studies also reported similar findings20,40.
Table 5 presents ratio of thoracic/inhalable, alveolic/
thoracic and alveolic/inhalable. Ratio of thoracic/
inhalable was found to be in the range 63–83% while

alveolic/inhalable in the range of less than 52% at all
locations. Alveolic/thoracic ratio was also found to be
more than 50% except BMO and ISM. This may be due
to presence of coal fire, mining activities and road transportation (heavy vehicles). Similar findings have been reported earlier also8,40,41.
Figure 5 shows particle mass concentration analysis on
the basis of size (0.225–34.0 m) at all locations. Contribution of particle size in the 0.615–1.450 m range was
found less in both types of area. Contribution of particles
of size 0.375 m and 2.750 m was observed to be
significant in mining areas; these fall in range of alveolic
particles. Contribution of particle size 5.750 m was
observed to be maximum at all locations; these fall in
range of thoracic particles. Contribution of particle size
22.500 m was observed to be significant at all locations
in both regions; these fall in range of inhalable particles.
Contribution of particles of size 0.375 m were almost
two to three times higher than at ISM (non-mining area)
at all locations. Due to heavy traffic movement and coal
mining activities finer and coarse particles are generated
in enormous amounts, the finer particles stays for a
longer time in the environment11. Larger particles showed

Figure 5. Distribution of particle mass concentration according to
size at all monitoring locations.

Figure 4. Percentage of particulate matter concentration in various
sizes segregated in different locations.

Table 5.

Average particulate matter (PM) (inhalable, thoracic, and
alveolic) mass concentrations ratios
PM

Table 4.

Meteorological parameters during the monitoring period
Location

Parameter
T (C)
RH (%)
WS (m s–1 )
AP (millibar)
DP (C)
SR (Wm– ²)

Mean
23.7
52.4
2.2
981.8
11.7
163.9

Minimum
13.6
18.7
0.0
977.5
2.1
0.0

Maximum
35.4
81.2
6.8
987.3
21.6
727.7

Thoracic/
inhalable

Alveolic/
thoracic

Alveolic/
inhalable

0.67
0.69
0.68
0.63
0.72
0.76
0.80
0.83
0.66

0.48
0.60
0.58
0.57
0.63
0.58
0.63
0.62
0.48

0.32
0.41
0.40
0.36
0.46
0.44
0.51
0.52
0.32

SD
4.7
15.1
1.2
1.8
4.0
230.9

T, Temperature; RH, Relative humidity; WS, Wind speed; AP, Atmospheric pressure; DP, Dew point and SR, Solar radiation.
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MCP
GDR
KDH
KUS
KMO
BCO
DHR
ISM
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higher contribution in the monitoring locations; these are
more likely to get deposited in the upper airways of the
lungs. Fine particles (size 0.375 and 5.750 m) can penetrate deep into the alveolar region of the lungs, resulting
in health problems. Other studies have also reported that
higher pollutant levels of fine particles contribute significant negative health impacts42,43.
The present study was conducted to analyse the variation of occupational PM (inhalable, thoracic and alveolic)
along the roadsides of mining area (JCF), and non-mining
area (Dhanbad city). Concentration of inhalable, thoracic
and alveolic particles at BMO, GDR and KMO was
respectively, 2.5, 2.3, and 2.2 times higher than at ISM
(non-mining area). The distribution curves of inhalable
particles were positively skewed and platykurtic in
nature. In the case of thoracic and alveoli particles they
were positively skewed except at BMO, where it was
negatively skewed, and also platykurtic in nature, except
at GDR, where it was leptokuortic in nature. Variations in
particle concentration were also correlated with TVC and
found to be good, except at GDR. The inhalable, thoracic,
and alveolic particle concentration was higher at BMO,
GDR and KMO, with better coefficient of fitness due to
high traffic and mining activities.
Contribution of each type of particle at each location
was also studied. Contribution of thoracic particle mass
concentration out of inhalable was between 63% and 83%
at all locations. Contribution of alveolic out of thoracic
particles mass concentration was more than 50% at all
locations, except at ISM and BMO. Contribution of alveolic out of inhalable was less than 52%, mainly at KUS,
KMO, BCO and DHR. The dominant composition of
PMalveoli particle was observed in the 32–52% range at all
locations except non-mining area; while PMthoracic–alveolic
particle was in the 26–35% range at all locations. Thus
we can conclude that thoracic and inhalable particle concentration is higher at all locations in comparison to ISM,
except some locations such as MCP and KUS. Alveolic
particle concentration was higher at all locations in the
mining area in comparison to ISM. The present study also
showed that residents and local passengers are exposed to
a higher concentration of occupational inhalable, thoracic
and alveolic particles along the roadside mainly at BMO,
GDR and KMO in the mining area.
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Suspended matter from hydrothermal plume at
340N Carlsberg Ridge was studied for microtexture
and geochemistry. Characteristics of these plume particles were compared with deep-oceanic particulates
from different depths. Compared to fine, deep-oceanic
suspended matter (2.0 m), some particles in the
plume were larger (20 m) and had irregular shape
and surface. These plume particles were mostly composed of Fe-oxides and silicates. Bulk composition
showed that plume particles were relatively enriched
with Fe, P, Mn, rare earth elements (except Ce) and U,
but had other trace element concentration analogous
to that found in deep-oceanic suspended matter. Efficient scavenging of elements from hydrothermal fluid
and sea water makes geochemistry of plume particulates different from common oceanic particles.
Keywords: Deep-oceanic particulates, geochemistry,
hydrothermal plume, micro-texture, suspended particulate
matter.
BUOYANT hydrothermal fluids emanate from active vents
and rise through the water column until it attains neutral
buoyancy. During mixing with ambient sea water, dissolved elements in the hydrothermal fluids form metallic
sulphides, sulphates, oxides and oxy-hydroxides1,2. Commonly, sulphides form at the buoyant stage of any hydrothermal emission, while later oxidation of reduced metals
develops oxide particles in non-buoyant plume3,4. All
these particles of hydrothermal origin are dispersed laterally along with neutrally buoyant plume following deepsea currents. Such metal-rich hydrothermal particles
make major contribution of various trace elements to the
oceanic geochemical budget. However, detailed characterization of hydrothermal particles has only rarely been
attempted5.
Recently, hydrothermal plumes from unknown vent(s)
were discovered near 340N Carlsberg Ridge6. In the
present study we determine the morphological and geochemical nature of these plume particles. Geochemistry
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