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ABSTRACT

Generation of baseline information about ambient air quality of any given region assumes significance, when 1) the area
is an active mine site, 2) the area is proposed to be mined out in future, and 3) industrialization in the area is in fast pace.
Ambient air quality monitoring (with respect to SPM, RPM, SO,, NO, and CO) was carried out in and around two
mining complexes in western parts of Kachchh district in Gujarat, India to generate baseline air quality status of the
area. This area has two major mine complexes and various large scale industrial projects (thermal power plants, cement
plants and several ports and jetties) are also in pipeline. Ambient air sampling was carried out in four locations each
within five km radial distance from two major mine sites, i.e. Panandhro and Mata-na-Madh. Air Quality Indexing was
done for all the locations, since it is a simplest way for the prediction of ambient air quality status of any region with
respect to industrial, residential and rural areas. Of the eight locations studied the air quality for six locations fell under
fairly clean (Light Air Pollution, AQI 25 - 50) category, while the rest (rural areas in the region), had relatively better

air quality and fell under clean (Clean Air, AQI 10 - 25) category.
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1. Introduction

In India mining is one of the core industries contributing
to the economic development and has detrimental envi-
ronmental impacts, though unavoidable to some extent.
Western region of Kachchh district in Gujarat, consisting
of Lakhpat and Abdasa Taluks with the adjoining areas
of Nakhatrana taluk, is one of the most arid and socio-
economically backward regions. The region is bestowed
with several mineral resources, viz. lignite, bentonite,
lateriate, limestone and bauxite. Rich mineral resources
of the region have opened up the possibilities for the ex-
pansion of mining activities, industrialization and rapid
socio-economic development. Until date, there are three
active mining sites in Western parts of Kachchh, i.e. Mata-
na-Madh, Panandhro and Jadva, of which Panandhro and
Mata-na-Madh lignite mine belong to Gujarat Mineral
Development Corporation (GMDC) and Jadva limestone
mine belongs to M/S Sanghi Cements Ltd. Kachchh has
44.6 percent of Gujarat state’s reserves of lignite [1]. The
total reserve is around 200 MT spread over seven isolated
pockets, of which Panadhro is the single largest deposit
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consisting of 98.0 MT. The production of lignite mine is
5.5 MTPA [2]. GMDC restricted supply of lignite from
Panandhro mining complex during early 2008
and reserved the remaining lignite reserve to cater the
captive requirements of two thermal power plants at Pan-
andhro and Akrimota. Contrary to this, there was 24.4%
increase in annual lignite production at Mata-na-Madh
mining complex (Personal communication with GMDC
officials) due to diminishing limited mineable reserve at
Panandhro site and to meet rising demands in domestic
market.

The major sources of atmospheric emissions in this re-
gion with opencast mining as a dominant industrial activ-
ity include land clearing, removal of overburden, vehicu-
lar movement, excavation, and loading and unloading of
ore materials. Dust emanating from the haul roads in lig-
nite and limestone mines contribute considerably to the
particulate matter content in the atmosphere. Other major
industries, which are operational at present, in the region,
include thermal power plants, cement plants, several
ports and jetties. Environmental contamination due to
dust particulates from all of these activities including
stone crushing draws serious attention as they create pol-
lution problems and pose threat to the ecosystem. The
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extent of dispersion of the dust emanating from these
activities depend on the topographical setting of the area,
vegetation cover and certain micro-meteorological factors.

The present investigation considered assessment of
Suspended Particulate Matter (SPM), Respirable Particu-
late Matter (RPM), Oxides of Nitrogen (NOy), Sulphur
Dioxide (SO,), and Carbon Monoxide (CO). National am-
bient air quality standard was prescribed by CPCB
(1995-1996) and later on revised by categorizing different
areas with respect to pollution potential (Table 1 [3]). As
per the revised notification, particulate matters have been
divided into two categories, i.e. those with <10 pm aero-
dynamic diameter (PM,) and those with <2.5 pm aerody-
namic diameter (PM, ). In the present investigation, how-
ever, RPM indicates those with size <10 um and does not
further fractionate into fine particles, i.e. PM,s. Hence, in
the absence of stipulated concentration level for particles
with size >10 pm (SPM as per the old standards), the
SPM levels in the present investigation was compared
with the pre-revised standards (as stipulated earlier).
However, for better interpretation of the analytical data,

Air Quality Index (AQI) was proposed and the whole area
was categorised accordingly. The detailed categories as
per the AQI are presented in Table 2 [4]. Owing to the
present scenario and rapid industrialization in the area,
the present investigation was undertaken to evaluate am-
bient air quality status of the area, which can be used for
trend analysis after decades of industrialization in the
region. The specific research questions, those were at-
tempted to answer during the present investigation are as
below:
e What is the background concentration of SPM, RPM,
NOy, SO,, and CO?
e Do these above mentioned pollutants show any spa-
tio-temporal gradient in their availability in the am-
bient air?

2. Materials and Methods
2.1. Study Area

The study area (Figure 1) covering about 5000 km® area
in western Kachchh region, encompasses parts of

Table 1. National ambient air quality standard.

Pollutant

Time weighted average Industrial, residential, rural and

Concentration in ambient air
Ecologically sensitive area
(Notified by central government)

other areas

P 3
Sulphur dioxide (SO,), pug/m 24 Hours™

Oxides of Nitrogen (NO,), pg/m’

24 Hours™
Particulate Matter (size less than 10 pum) or PM,, Annual average”
ug/m’ 24 Hours™
Particulate Matter (size less than 2.5 pm) or PM, s, Annual average”
ug/m’ 24 Hours™
Ozone (Oy), pg/m* Sll}‘l‘z)‘grs

3
Lead (Pb), pg/m 24 Hours™

8 Hours

- 3
Carbon monoxide (CO), mg/m | Hour™™

Ammonia (NH;), pg/m’

24 Hours™
Benzene (C¢He), pg/m’ Annual”
Benzo(a)Pyrene (BaP)—particulate phase only, ng/m’ Annual”
Arsenic (As), ng/m’ Annual”
Nickel (Ni), ng/m’ Annual”

Annual average”

Annual average”

Annual average”

Annual average”

50 20
80 80
40 30
80 80
60 60
100 100
40 40
60 60
100 100
180 180
0.50 0.50
1.0 1.0
02 02
04 04
100 100
400 400
05 05
01 01
06 06
20 20

*Annual arithmetic mean of minimum 104 measurements in a year taken twice a week 24 hourly at uniform intervals; “"24 hourly or 8 hourly or 1 hourly monitored
values as applicable, shall be complied 98% of the time in a year. 2% of the time, they may exceed the limits but not on but not on two consecutive days of
monitoring. Source: CPCB [3] http://www.cpcb.nic.in/National Ambient Air Quality Standards.php (as viewed on 22 January 2010).

Table 2. Air quality categories based on AQIL.

Sr. No. AQI of ambient air Description of ambient air quality
1. <10 very clean
2. 10-25 clean
3. 25-50 fairly clean
4. 50-75 moderately polluted
5. 75-100 polluted
6. 100 - 125 heavily polluted
7 >125 severely polluted

Source: CPCB [4]
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Figure 1. Study area showing major mining complexes.

Lakhpat, Abdasa and Nakhatrana taluks. This zone is repre-
sentative of Kachchh with all landscape elements like
forests, agriculture, industries, mining areas, grassland,
mangroves, salt pans, rocky barrens, wetlands and waste
land. Intensive study area was delineated by considering
a buffer of 10 km from two major mining complexes in
the region. These mining complexes are at Panandhro
and Mata-na-Madh villages located in Lakhpat and Nak-
hatrana taluks, respectively (Figure 1). The area with
three major landform types (depositional landform, ero-
sional landform and residual landform) falls under
drought prone region. The climate of Kachchh region is
characterized by long hot summer, cold winter and over-
all aridity. The area experiences four seasons: Winter
(December to February), summer (March to mid June)
followed by monsoon till September, and post-monsoon
(October to November). There is general moisture defi-
ciency, indicating sustained potential water deficit where
potential evapo-transpiration (PET) outweighs precipita-
tion. The region is marked by very high aridity index of
over 40 percent with more or less dry desert conditions.
The rainfall usually shows an upward gradient from west
to east. Being situated in the extreme western portion of
Kachchh, the study area landscape receives lowest rain-
fall. The annual average rainfall is low (334.7 mm) near
these mining complexes. Semi-arid climatic conditions
prevail in the area, which falls in rain-shadow portion
with scanty rainfall. The minimum and maximum tem-
peratures recorded were 2°C and 44°C during winter and
summer, respectively. The area is characterized by a very
low gradient and devoid of any significant topographic
features, where the plain gradually rises, from the sea
level, to an altitude of 297 m.

2.2. Sampling and Analysis

Reconnaissance of the region was carried out in the 1%
intern of the April-May 2008 to gain basic understanding

Copyright © 2012 SciRes.

about the existing ecosystem types, and to identify the
strategic locations for ambient air quality monitoring. For
the purpose of obtaining an overall picture about air qua-
lity parameters in this region both the lignite mining
complexes were considered and accordingly the ambient
air quality monitoring stations (AAQMS) were selected
in and around the mining sites. Four AAQMS were se-
lected with respect to each mine site (Figure 2), of which,
one at the mine site and the rest in different directions
with respect to the mine centre, and specific details about
each of the AAQMS are given in Table 3. The sampling
locations were also selected as per Bureau of Indian
Standards (BIS) specifications, such that the sampler is
placed at breathing level which is at a height of 1.5 to 3
meters above ground level. Therefore in all the places,
care was taken to see that the instruments were placed
suitably, at least at the 1* floor level to avoid accumula-
tion of dust lifted from ground level. The method of air
sample collection and analysis is presented in the Table
4 [5-8]. Respirable Dust Sampler (RDS, Make: Enviro-
tech, Model: APM 460) was used for collecting particu-
late matter and gaseous samples, and additionally air
samples were collected instantly using rubber bladders
for CO samples. The RDS was operated at a flow rate of
1.0 to 1.3 m*/minute that allows particulates with size up
to 10 um to get collected on high efficiency glass mi-
crofiber filter paper. Pre-weighed rubber cups and glass
fibre filter paper (Whatman make) were used for meas-
urement of SPM and RPM concentrations, respectively.
For gaseous samples an impingent rate of 1.0 I/minute
was maintained throughout the sampling duration. The
impinger samples were put in ice boxes immediately
after sampling and transferred to laboratory and stored in
a refrigerator until further analysis. The frequency of
sampling was twice a month during June 2008, October
2008 and January 2009 representing summer, monsoon
and winter seasons, respectively.

Air sampling points
1, GMDC RO Plant- Panandhro
2, GMDC Gate No. 2- Pananchro

3, Fulra village

4, Khanot village
5, GMDC Project site - Mata-na-mach
6, Mata-na-mach village

7, Lifri village

8, Kotda village

[ Intensive study area boundary
[ Study area villages

0 5 10 20 20 40
Kilometers

Figure 2. Sampling locations in the study area.
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Table 3. Details about the ambient air quality monitoring stations.

Location from

Aerial distance and direction

Site No. Site details Coordinates centre of mine site from the project site Remarks/Nature of activity
Panandhro Complex
GMDC Project RO N 23°40'54.8" . . . .
AAQMS-1 Plant E 68°47'0.5" Project site ~2.5km, SE On the Site (Industrial Area)
N 23°39'35.9" . Leeward Side of the Project Site
AAQMS-2  GMDC Gate No. 2 E 68°46'13.6" Upwind ~3.1km, S (Industrial Area)
AAQMS-3 Fulra village gé; :;,i]; 'g,, Near the Project site ~1.2km, E
N 23°40'1 1'7,, Residential Areas
AAQMS-4 Khanot village E 68°4731.5" Downwind ~3.2 km, SE
Mata-na-Madh Complex
. . N 23°30'43.0" . . . .
AAQMS-5 GMDC Project site E 68°57'49 6" Project site ~<0.5 km, N On the site (Industrial Area)
Mata-na-Madh N 23°32'26.1" . Windward Side of the Project Site
AAQMS-6 village E 68°56'54.3" Downwind ~3.0km, NW (Residential Area)
AAQMS-7 Lifri village N 23°30, 1 '0,, Downwind ~1.5km, E
E 68°59'00.1 A
N 232859 2" Residential Areas
AAQMS-8 Kotda village E 68°54'36.3" Upwind ~5.3 km, SW

Predominant wind direction in these areas: SW — NE

Table 4. Methods used for sampling and analysis of air samples.

Parameter  Collection method Instrument/Apparatus Analysis method Reference Instrument/Apparatus
SPM . . . . Digital monopan balance (Mettler
RPM Cyclone collection Gravimetric (IS: 5182, Part IV) BIS [5] Toledo: PB 303)

Spectrophotometry
NO« RDS: Envirotech— (Jacobs-Hochheiser method, IS: BIS [6]
Impinee collection APM 460 5182, Part VI) UV-VIS Spectrophotometer
ping Spectrophotometry (Shimadzu-UV 1601)
SO, (West and Gaeke method, IS: BIS [7]
5182, Part II)
co Instant collection with Rubber bladder Gas-chromatographic BIS [8] Gas Chromatograph (Hewlett-

bladder

(IS: 5182, Part X)

Packard—5890 Series 1I)

2.3. Air Quality Indexing

Air quality index (AQI) is an overall measure of the
status of a place under consideration. From a series of
observations, an index (a ratio or number) is derived
which is an indicator or measure of some condition or
property. This index is a compilation of terms that define
the air quality as understandable by a layman. The AQI is
a measure of the ratio of the pollutant concentration to
the standard concentration and is an interpretive tech-
nique which transforms measured concentrations of indi-
vidual air pollutants into a single set of numbers in order
to make the data more understandable. The higher value
of an index refers to a greater level of air pollution and
consequently greater health risks. On the basis of air
quality index “Q”, the quality rating of each parameter
was obtained by the formula as below, following Agar-
wal et al. [9]:

Q=(0/Ps)x100

where, Q = Quality Ratings,
O = Observed Value,
Ps = Prescribed standards as permissible limits.

Copyright © 2012 SciRes.

Subsequently, the geometric mean of this “n” number
of quality ratings “Q” was estimated, which is known as
AQI To find the range, mean and distribution of differ-
ent variables in the present investigation, basic descrip-
tive statistics was performed on the analytical data using
MEGASTAT 8.8 [10]. The locations, where CO concen-
tration was recorded Below Detection Level (BDL); DL/
2 was considered for the ease of statistical analyses.

3. Results and Discussion

Since the present investigation was first of its kind of
environmental assessment study for this region, the pre-
sent concentrations of the air quality parameters were
compared with reported values from elsewhere in India
(Table 5 [11-13]). With respect to the questions aimed at
addressing in the present investigation, it was found that
the background concentration of all the 5 air quality pa-
rameters were below the stipulated standards. Based on
the air quality data spatio-temporal distribution of all the
air pollutants was assessed. Most of the air pollutants
were dispersed in atmosphere based on prevailing mete-
orological conditions in the area. The ambient level of air

0JAP
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pollutants in and around the mining complexes were a
function of 1) locations of the sampling site; 2) distance
from the mine; 3) direction of the site with respect to the
mine, i.e. leeward or windward side of the mine locations;
and 4) season of the sampling.

3.1. Panandhro Mine Complex

All the parameters studied were within detectable levels
in the ambient air in the area except CO. SPM levels in
and around Panandhro lignite mine site ranged between
6.0 and 144.0 pg/m’ with the minimum value observed at
Fulra village (AAQMS-3) during June 2008 and the
maximum at AAQMS-2 (Gate No. 2, GMDC Lignite
Project, Figure 3) during October 2008. RPM levels in
the ambient air ranged from 35.0 to 153.0 pg/m’, with
the corresponding locations being Fulra village and
GMDC project site RO plant, respectively during June
2008 (Figure 3). SO, levels ranged between 11.0 and 36.5
ng/m’, wherein the lowest level was at Khanot village
(June 2008) and GMDC Gate No. 2 (October 2008), and
highest at Fulra village during October 2008 (Figure 3).
NO, concentration in the ambient air of Panandhro lignite

mine area ranged between 11.0 pg/m’® (June 2008) and
77.5 pg/m® (October 2008), both at Fulra village (Figure
3).

CO level in the ambient air ranged from 175.0 to 295.0
pg/m’® and the corresponding locations were GMDC RO
plant (October 2008) and GMDC Gate No. 2 (June 2008),
respectively (Figure 3). The CO concentration at Fulra
village was BDL. The level of all the air quality parame-
ters in and around Panandhro mining complex with de-
tectable concentration was below the prescribed limits
for corresponding area categories (industrial, residential
and rural, Table 1 [3]). Both SPM and RPM levels were
highest near the project sites, i.e., AAQMS-2 and AAQ-
MS-1, respectively. Mining is the main source of parti-
culate matter concentrations [13] at the project sites, where
as heavy traffic and vehicular moments near the Panand-
hro lignite project might have contributed to the level of
SO, and NOy at Fulra village. The village is located very
close (about 200 m) to the main approach road of the
mine site and hence experiences more vehicular move-
ments. Of the two sources of air pollutants in the atmos-
phere, i.e. 1) natural sources, and 2) anthropogenic sources

Table 5. General concentration range vs presently recorded concentrations for air quality parameters.

Present observation (ug/m°)

Air quality Concentr%}tlo}n range Authors reported Locations
parameters Range Average (+SD) (ng/m)
SPM 6.0-144.5 952 (33.6) 81.0-414.8 Das et al. [11] Mine site in Jg‘:fs'szarlflgi‘;““eral beltin
RPM 34.0-153.0 75.1(33.2) 40.8-171.9 Chaulya [12] Ib valley coal fields in Orissa, India
NO, 75-775 18.4 (15.1) 10.5-55.9 Das et al. [11] Mine site in Jg‘ifs'iaﬁgig’meral beltin
SO, 8.0-36.5 14.4 (7.6) 8.5-455 Das et al. [11] Mine site in Jg‘ifs'ia‘izﬁi:‘mml belt in
co 65.0-295.0  174.8 (74.7) 4.0-10.0 Sumaneral [13]  AAngul-Talcher Coal mining area in Orissa,

SD: Standard Deviation, NA: Not Available.
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Figure 3. Level of air quality parameters in Panandhro mine complex.
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[14], vehicular traffic (anthropogenic) is one of the known
contributors of SO, and NO, [15].

3.2. Mata-Na-Madh Mine Complex

Akin to Panandhro site, all the stations in Mata-na-Madh
site also had detectable level of air quality parameters
except CO. SPM levels in and around the mining com-
plex was from 53.5 to 142.0 pg/m’, the minimum level at
Kotda village (June 2009) and the maximum at Lifti vil-
lage (October 2008, Figure 4). RPM levels ranged be-
tween 34.0 and 98.5 pg/m’, with the corresponding sta-
tions being Lifri village and GMDC project site, respec-
tively during October 2008 (Figure 4). The higher levels
of particulate matter observed near the project site might
be a cumulative impact of mining activities and vehicular
movements. The fine fraction (<2.5 um) of the particu-
late matter contains most of the acidity (hydrogen ion)
and mutagenic activity [16]. SPMs are also generated by
incomplete fuel combustion and metallic industries. How-
ever, fugitive dust from opencast mining is a contentious
issue. It has often been perceived to be a significant con-
tributor to ambient levels of airborne particulates, even
though no reliable means of dust fingerprinting has been
available to regulatory authorities [17]. With ever-increas-
ing number of vehicles, vehicular traffic contribute sig-
nificantly to the particulate matter levels in the ambient
air [18] especially in urbanized areas and/or areas those
experience heavy vehicular movements.

SO, levels ranged from 8.0 to 33.5 pg/m’. The lowest
level was recorded at Kotda village (June 2008 and Oc-
tober 2008) and Lifri village (October 2008), and the
highest at GMDC project site (January 2009, Figure 4).
Highest concentration at the mine site could be due to
temperature inversion and mixing heights in the lower

27

atmosphere, which reduce the dispersion of pollutants
from source and hence the ambient level increases. NO,
concentration in the ambient air varied between 7.5 and
47.0 pg/m’.

Lowest and highest concentration was seen at GMDC
project site (June 2008) and Mata-na-Madh village (Oc-
tober 2008), respectively (Figure 4). Sulphur dioxide and
oxides of nitrogen are universally occurring atmospheric
pollutants and are important constituents of automobile
exhaust and industrial emissions [19]. In addition to the
ongoing mining activities, increasing number of vehicles
around the mine site and nearby villages might have con-
tributed to the higher levels of oxides of nitrogen. Most
of the air pollutants were observed low during the wet
precipitation (rainfall) days.

CO concentration in the ambient air ranged between
150.0 and 230.0 pg/m’ and the corresponding locations
were GMDC Project site (June 2008) and Mata-na-Madh
village (January 2009), respectively (Figure 4). CO con-
centration in Lifri (AAQMS-7) and (AAQMS-8) Kotda
villages were BDL. The locations with detectable con-
centration of the air quality parameters in the present
study recorded levels below the prescribed limits for cor-
responding area categories (industrial, residential and
rural, Table 1). CO, one of the five primary pollutants
which together contribute more than 90% of global at-
mospheric pollution [20], is one of the major pollutants
emitted to the atmosphere during mine fires. Coal mine
fires cause major perturbation of the micro as well as
macro-environment of the coal field and give rise to se-
vere environmental problems besides safety hazards.
Effect of mine fires on air quality are alarming and the
cracked strata acts as a chimney stack discharging vari-
ous air pollutants including CO during coal combustion
process [21]. Moreover, vehicular movements contribute
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Figure 4. Level of air quality parameters in Mata-na-Madh mine complex.
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to CO levels in the ambient air considerably [22,23] and
this holds true in case of mine areas due to massive ve-
hicular transport involved in transporting ore materials.
This causes a lot of inconveniences and health hazards to
the people residing in the proximity of mine areas.

3.3. Air Quality Scenario

As a statutory and regulatory requirement, environmental
impact assessment studies were undertaken for the Indus-
tries in this region including the mining projects. Never-
theless, the present investigation considered simultaneous
assessment of ambient air quality for all the major min-
ing complexes in Western Kachchh region. In view of this,
results of the present study were compared with studies
undertaken elsewhere in the country bearing similar en-
vironmental conditions. The comparative results are pre-
sented in Table 5 [11-13]. This would provide insights
about the status of air pollution in the study area and
would be helpful for the planners and decision makers
for further environmental planning of the area in view of
rapid industrialization. Of all the air quality parameters
examined, the level of SPM, RPM and SO, was less than
the reported values from other coal mining areas in
Orissa [11,12]. However, the level of NO, exceeded the
reported concentrations by Das ef al. [11] from select
mine sites in Joda-Barbil mineral belt in Orissa. CO lev-
els in the present investigation (65.0 - 295.0 ug/m’) far
exceeded the levels reported by Suman et al. [13] from
Angul-Talcher coal mine area in Orissa (Table 5).

3.4. Air Quality Index

As per the air quality rating and AQI, all the sampling
stations could be categorised under two categories: Fairly

Clean (Light Air Pollution, AQI 25 - 50) and Clean (Clean-
Air, AQI 10 - 25). Of all the locations, the AQI of Fulra
village was under Fairly Clean category (AQI 32.8), and
for rest of the locations it was under “Clean” category
(Table 6). According to Rosaline and Elangovan [24],
Fulra location could also be described as the area ex-
periencing Light Air Pollution. Although out of eight
locations, seven were within five km of the mine centres,
none of them seemed to experience poor air quality. Ab-
sence of any reliable tool for dust fingerprinting is a ma-
jor challenge in this regard, and hence we compared the
values with CPCB stipulated standards for industrial, re-
sidential and rural areas.

4. Conclusion

The present investigation is based on the ambient air qual-
ity monitoring for SPM, RPM, SO,, NO, and CO at eight
strategic locations in and around two of the major lignite
mining sites in western Kachchh. The levels of all these air
quality parameters were well within the permissible limits
as prescribed by CPCB for residential and industrial ar-
eas. In certain locations CO level was below the detect-
able levels. AQI revealed that the air quality fell under
“Clean (Clean Air, AQI 10 - 25)” category at Lifri and
Kotda in Mata-na-Madh mine complex, and for the rest it
was under “Fairly Clean (Light Air Pollution, AQI 25 -
50)” category. In brief, the present investigation threw
light upon ambient air quality in and around selected
mine areas in Kachchh region. Increased mining of lig-
nite from Mata-na-Madh, operationalisation of several
new major cement industries and increasing lime stone
mining in the region necessitates comprehensive assess-
ment of the ambient air in the whole region comprising
other industrial locations, such as thermal power plants,

Table 6. AQI and air quality categories in Western Kachchh.

Air quality ratings
Sampling locations AQI Air quality category
SPM RPM SO, NO, CO
Panandhro mine complex
GMDC RO plant 89.167 205.556 20.833 18.750 5.667 33.239 fairly clean
GMDC 2nd gate 109.667 164.444 16.458 16.875 6.063 31.367 fairly clean
Fulra 66.500 108.333 29.583 42917 4.125 32.759 fairly clean
Khanot 72.500 116.667 19.792 24.792 5.625 29.760 fairly clean
Mata-na-Madh mine complex
GMDC project site 127.333 138.333 21.250 21.250 4.458 32.356 fairly clean
Mata No Madh 93.500 107.500 13.333 32917 4.813 29.200 fairly clean
Lifri 112.167 66.944 11.250 13.542 2.583 19.684 clean
Kotda 90.833 93.889 11.875 12.708 1.625 18.369 clean
Copyright © 2012 SciRes. 0JAP
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cement plants, ports and jetties. Additionally assessing
the carrying capacity of the region for air quality pa-
rameters, in view of the rapid industrialization, would
further aid with the planning of this region for sustain
able management of its mineral resources. This is ex-
pected to provide a realistic picture about the air quality
of the region and would help the planners for zoning the
locations for future industrialisation and implementation
of proper pollution control measures.
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