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This study highlights that the increasing urbanization and industrialization in Delhi are responsible for higher fluxes of atmospheric
dust and its chemical constituents. Delhi has experienced a drastic change in land use and land cover area during the past two
decades. Road lengths of the city have increased by 76% from 1985 to 2011. The number of mobile vehicles has reached 80,52,508 in
2014 from 24,32,295 in 1994. The industrial units in Delhi have increased by 39.54% in 2011 as compared to 1994 value. Atmospheric
dust which is originated from soil in this region becomes carbon rich due to interaction of suspended soil with atmospheric
pollutants. Emissions of carbonaceous aerosols from coal and petroleum combustions are mainly responsible for silica dominated
soil dust transforming into carbon rich particulate matter. Such dust may play very important role in the atmosphere having
significant influence on human health, global warming, climate change, radiative forcing, visibility, and cloud formation. It is
expected that if the rate of development remains the same, green cover of the city invariably will be sized down in order to meet

the demand of housing, transportation, industries, and so forth in proportion to the rising population.

1. Introduction

Generally, atmospheric dust represents airborne particles in
the size range <1 pym to ~75um [1, 2]. Atmospheric mineral
dust is mainly emitted from arid and dry regions followed by
its transportation to distant places through high speed winds.
In addition, open land, grazing fields, ploughing, vehicle use,
and unpaved roads, and so forth, are also important sources
of dust [3]. According to Jickells and coworkers (2005),
around one-third of the global land area is considered a
potential source of atmospheric dust [4]. Global distribution
of atmospheric dust has been thoroughly modelled by Tegen
and Fung (1994; 1995) [5, 6]. The abundance of dust in the air
is controlled by factors such as vegetation cover, precipitation,
wind velocity, and soil moisture [7]. Dust mainly consists of
loose particles contributed by soil erosion, road transport,
industries, volcanic eruptions, and so forth.

The atmospheric mineral dust plays an important role in
controlling various atmospheric processes such as radiative
forcing, cloud characteristics, precipitation, and atmospheric

chemistry [8, 9]. Dust aerosols impact these processes
according to their size distribution, origin, and lifetime in
the atmosphere [5, 6, 10-12]. Mineral dust has significant
influence on ecosystem, environment, and biogeochemical
cycles through deposition of minerals and organic materials
on terrestrial ecosystem [4, 13]. Deposition of dust can affect
the nutrient levels in aquatic system [13, 14]. Also, it adversely
affects human health when contaminated by carbonaceous
materials, soluble and chelatable metallic salts, and pesticides
(15, 16].

LULCC also plays an important role in dust emission.
Mostly vegetation cover is reduced and built area is increased
in urbanization processes. Due to rapid development, devel-
oping countries are facing drastic LULCC due to human
activities. In the absence of integrated and holistic develop-
ment in regional planning, developing countries are experi-
encing the problem of loss of agricultural land, open space,
and protection of ecologically sensitive areas [17]. Develop-
ment of peripheral or suburban areas near metropolitan cities
is leading to sparse vegetation and encroachment on wetland



and forests areas to fulfil the demand of infrastructure
and industry for the growing population. In case of Delhi
city, about 60% of agricultural land has been transformed
into nonagricultural area resulting in decrease in net sown
area from 85,000 ha to 46,000 ha [17]. The population of
Delhi has reached 17,838,842in 2014 (increased by 29.4%
from 2001 to 2014). Many researchers have studied land use
and land cover changes particularly in urban areas [17-19].
Haphazard industrial development of Delhi and adjoining
areas is also responsible for higher atmospheric dust and
other environmental problems. As compared to 1994, the
industrial units have increased by 39.54% in 2011 in Delhi
region [20]. Numbers of vehicles and road lengths have also
increased in Delhi. Delhi had 24, 32,295 mobile vehicles in
1994 which has increased by 185% reaching to 69, 32,706
vehicles in 2010 [20]. According to recent data of Delhi
Government (http://www.delhi.gov.in), a total of 80,52,508
vehicles are registered up to June 30, 2014. The road length
of the city has increased by 76% from 1985 to 2011 [20].
Delhi region has semiarid climate. Most of the time, dry
weather conditions prevail which promote suspension of soil
and road dust into the atmosphere. Ambient concentrations
of reactive gases are controlled by continuous input of
atmospheric dust contributed by suspended soil. Hence,
dustfall deposition is a significant removal mechanism for
acidic gases such as sulphur dioxide in India [21, 22]. Despite
the evidences of ecological importance of dust deposition,
the comprehensive studies on emission, deposition, and
chemistry of dustfall have not been carried out in India.
Hence, the present study has been conducted to measure the
dustfall fluxes with the mineralogical, morphological, and
elemental characteristics of airborne dust and local soil in
relation to land use and land cover (LULC) change in Delhi.

2. Materials and Methods

2.1. Sampling Site. Sampling of atmospheric dust was carried
out at the terrace of School of Environmental Science building
which is located inside the campus of Jawaharlal Nehru Uni-
versity (JNU). As shown in Figure 1, JNU lies in south of Delhi
(28.38°N, 77.12°E). This figure also shows soil composition
of Delhi city. The site represents urban background nature.
The main sources of air pollution in Delhi are coal based
thermal power plants, vehicular exhausts, various industries,
and so forth. It is the fourth most polluted city in the world
in terms of suspended particulate matter levels [23]. Delhi
is the second most populated city in India having total
population of 17,838,842 in 2014 in around 1490 km*. The
rocks of Delhi belong both to the earliest and to the latest
chapters of the geological history of the earth, that is, the
Precambrian and the Quaternary [24]. The Delhi ridge which
is the northernmost extension of Aravalli mountain covering
35 km extends from southern parts of the territory to western
bank of Yamuna [25]. The soils of Delhi area are mostly light
with some fraction of medium texture soils. The light texture
soils are represented by sandy, loamy, sand, and sandy loam,
whereas medium texture soils are represented by loam silty
loam. The thickness of the quaternary alluvium soil cover of
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FIGURE 1: Geological map of Delhi [54].

Delhi in both the eastern and the western side of the ridge is
variable from a few meters to about 300 meters.

2.2. Samples Collection

2.2.1. Dustfall Samples. A plastic tray of dimensions
(19.5cm x 23.5cm) was placed on the terrace of building,
~2m above the ground level during winter season from
November 2013 to April 2014. Very similar method was used
by Kulshrestha and coworkers (2003) [21]. After an exposure
of 5 days the deposited dust was collected and weighed. The
tray was thoroughly cleaned with high quality deionized
water and dried before the collection of next samples. The
amount of dustfall, area of the tray, and the period of dustfall
collection were used to calculate deposition fluxes of dustfall.
Samples were wrapped in aluminum foil and stored in
refrigerator at 4°C before analysis by X-ray diffraction (XRD)
and scanning electron microscope (SEM).

2.2.2. Soil Samples. Samples of surface soil were also collected
in the vicinity of our school (~ 1km radius) from unperturbed
area. Before collection, upper layer of soil containing plant
roots and plant debris was removed carefully. The collected
soil samples were taken in different polythene bags. Samples
were then grinded and sieved first from 60 mesh and then
from 200 mesh in order to attain a smooth and uniform
texture. Grinded and sieved soil samples were stored in petri
dishes which were then sealed with Al foil properly and stored
in refrigerator at 4°C for analysis.

2.3. Calculation of Dustfall Fluxes. Dustfall flux is the mass
of dust deposited per unit area per time [26]. The dustfall flux
was calculated with the help of the amount of each sample
calculated during sampling time using the following equation
[27]:
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TABLE 1: Geographical comparison of dustfall fluxes.
Sampling site Country Deposition flux (g/m?*/yr) References
Present study
New Delhi India 35.28 This paper
Other Indian studies
Jharia coal mining (residential site) India 116.48 [37]
Jharia coal mining (commercial site) India 168.73 [37]
Non-India studies
Northern Nigeria Africa 159 [55]
McMurdo Valley Antarctica 0.49 [32]
Namoi Valley Australia 314 [56]
Coast Mountains, BC Canada 10.9 [57]
Guagzhou China 45.36 [39]
Desert regions China 450 (58]
French Alps France 2.10 [30]
South Island New Zealand 26.4 [59]
Miami, Florida USA .26 [31]

where D is the deposition flux in gram per square meter per
day, M is the mass (g) of the dustfall during each sampling
period, A is the area of the tray in square meter, and T is the
duration for which the dust was collected.

2.4. Analysis of Dustfall and Soil Samples

2.4.1. Mineralogical Analysis. Mineralogy of the dustfall and
soil samples was determined by using XRD (Philips X’pert
powder diffractometer). Samples sieved through 200 mesh
were subjected to XRD analysis. Each sample was kept in the
sampling plate of instrument and compacted with the help
of a glass slide. Samples were analyzed using an accelerating
voltage of 45 kV, tube electric flow of 40 mA, scanning speed
of 2°/minute, and scanning step of 0.02° with the range of 5°-
50° (range of 20). A graph as a result was obtained between
intensity (counts) and position (20 values). Minerals were
identified from diffractogram by tallying the d-spacing values
with that of mineral in the standard library given in the
American Society for Testing and Materials (ASTM) powder
diffraction data file.

2.4.2. Morphological and Geochemical Analysis of Samples.
Dustfall as well as soil samples were prepared in the same
manner like XRD. The bulk samples of dust and soil were
analyzed for their morphology with Carl Zeiss AG-EVO 40
Series SEM and elemental analysis using energy dispersive
spectrometer (EDX). SEM images for each sample were
taken at four magnifications namely 500x, 1500x, 3000x, and
6000x. At 1500%, the dimensions of the largest and smallest
particles were taken. For EDX analysis, X-ray beam is shot
at a particular point from the bulk sample kept on the
carbon tape. A graph is obtained between number of counts
per channel versus energy in keV. Each peak in the graph
represents an element.

2.5. Data Sources. Data were taken from several reports [18,
20, 28, 29] which were essential to correlate our study with
LULCC, vehicular expansion, population growth, SPM level,
RSPM level, road length, type, and number of industries. In
the present study, total number of vehicles, growth of road
lengths, and number and types of factories registered [20, 28]
have been discussed in relation with dustfall fluxes with
its mineralogical and geochemical composition. NO,, SPM,
and respirable suspended particulate matter (RSPM) data
were taken from Central Pollution Control Board and Delhi
Pollution Control Committee [18, 28, 29]. LULC from 1989
to 2011 were taken from research findings of Mukhopadhyay
and coworkers (2013) [18].

3. Results and Discussion

3.1. Dustfall Fluxes of Samples. The fluxes of dustfall varied
from 13 to 56g/m’/year with an average flux value of
35 g/m?/year which translate around 52 Gg of dust deposition
every year over 1490 km?” area of Delhi city. These estimates
are at lower side for a typical urban site as the JNU site has
large green cover representing urban background character-
istics. Table 1 provides dustfall flux values from other regions
within India and around the world obtained through a com-
prehensive literature review for comparison. Being a semiarid
tropical site, the present study site had relatively higher range
of fluxes as compared to the temperate region (Table 1). The
dustfall flux at this site was noticed higher than French Alps
[30], Miami [31], and McMurdo valley, Antarctica [32]. Such
higher fluxes can be attributed to soil resuspension, traffic
flow, construction activities, and long range transport of fine
dust. The exploding vehicular population of the city might be
areason for higher dustfall fluxes. Vehicle traffic and unpaved
area alongside roads increase the resuspension of road dust
[33]. Delhi has witnessed a very fast growth in number of
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FIGURE 2: Total number of vehicles during 1994-2010 [20].

vehicles during past two decades. The number of mobile
vehicles in Delhi has increased dramatically from 24,32,295
in 1994 to 69,32,706 in 2010 (Figure 2) [20]. However, the
road length is not increased at the same rate as the number of
vehicles (Figure 3). Though the city has seen an exponential
expansion in road length between 1980 and 2002 but in
subsequent period as shown in Figure 3, there has been very
insignificant hike in road length due to which a surge of
vehicles is seen on the roads. Built-up area of Delhi witnessed
an overall increase from 540.7 km? to 791.96 km* or 16.86%
of the total city area (1490km?) during the study period
1997 to 2008 which is mainly acquired from agriculture land,
waste land, scrubland, sandy areas, and water bodies [17].
The increase in forest cover of 0.5% between 1989 and 2011
is very small as compared to the increase (17%) in built-up
category [18]. In a ten-year period, total area of water bodies
has reduced by 52.9% (58.26 km” in 1997 to 27.43 km? in 2008)
with shallow water bodies now having a dismal presence [17].
Due to fast urbanization, LULCC also might be responsible
for higher values of dustfall fluxes and particulate matter.
LANDSAT TMS5 (Thematic Mapper 5) images are shown in
Figure 4. The LANDSAT provides global record of the Earth’s
surface. LANDSAT imageries are very useful for first level of
classification of urban land cover. Figure 4 clearly indicates
that, as compared to 1989, fellow land and vegetation cover
have drastically decreased in 2011 while built-up area has
increased significantly [18] which might lead to higher fluxes
of dustfall.

Built-up area is generally an indicator of anthropogenic
activities [17]. The combination of reduced area of fellow land
and vegetation cover with increased built-up area is mainly
responsible for high loadings of suspended dust. Evidently,
Figures 5 and 6 show that the values of SPM and RSPM are
continuously rising in Delhi due to anthropogenic activities
(CPCB, 2012; Economic Survey of India, 2012-13). Due to
this reason, most of the time the values of RSPM and SPM
are above the permissible limits of NAAQS of CPCB [29,
34]. Open soil and land are mainly responsible for high
atmospheric particulate matter in Indian region [35, 36].

The fluxes of dustfall of this study were compared
with other studies worldwide (Table 1). Rout and coworkers
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FIGURE 3: Growth of roads in Delhi, MCD = Municipal Corporation
of Delhi, NDMC = New Delhi Municipal Committee, DCB = Delhi
Cantonment Board, and PWD = Public Works Department [28].

(2014) found that the average dustfall fluxes were higher at
commercial site (168.73 g/m*/year) than the residential site
(116.48 g/m*/year) of Jharia coal mining area in Jharkhand,
India, which were attributed to dust emissions from the coal
handling plant, crushing operations, conveying, loading, and
unloading of the coal [37]. In another study by Reheis and
Kihl (1995), fluxes of silt and clay content in dustfall in south-
ern Nevada and southeastern California have been reported
in the range of 4.3 to 15.7 g/m*/yr [38]. However, same study
has reported very high silt and clay fluxes (30 g/m?®/yr) in
southwestern California. Zhao and coworkers (2010) had
reported very high dustfall fluxes at Guagzhou, a subtropical
city in South China, due to factors such as proximity to
a construction site, heavy traffic, and agricultural activities
[39].

3.2. Mineralogical Characteristics of Soil and Dust. The min-
eralogical characteristics of dust samples were obtained by
means of X-ray diffraction (XRD) analysis. Figure 7 shows
typical X-ray diffractogram of dust and soil samples. Table 2
gives the mineralogical composition with its chemical for-
mula of dust samples. The major minerals found in the
dust samples are quartz, muscovite, chlorite, calcite, albite,
and dolomite. A few dust samples contained gypsum too.
The mineralogical composition of dust might be due to
geographical characteristics of soil, land use and land cover
pattern, road length, and vehicular flow. Geological map of
Delhi city is given in Figure 1. It is clear from the map that
Delhi geology consists mainly of sand, silt, and clay with
unoxidised sand and quartzite [40]. Thus the dominance of
quartz is justified in dust samples. Other parameters which
are affecting mineralogy of dust have been discussed in
Section 3.1. Dusts rich in mainly quartz, carbonates, and
feldspar are usually continental and originate mainly from
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local sources [41]. Abundance of CaCOj in atmospheric dust
has been reported in India by Kulshrestha and coworkers
(2003) [21]. High values of suspended particulate matter
have been reported in this region due to crustal sources
[42]. Presence of Gypsum in atmospheric dust is possibly
due to the adsorption of SO, onto the soil derived CaCO,
particles forming CaSO,-2H,0O [43]. Yadav and Rajamani

TABLE 2: Percent occurrence of mineralogical composition of dust

and soil samples (+ = present, — = absent).

Minerals Chemical formula Dustfall Soil
Quartz Sio, + +
Muscovite KAl (Si;Al)O,,(OH, F), + +
Chlorite (Mg;Al)(AlSi;)O,(OH), + +
Calcite CaCO;, + +
Albite (low)  NaAlSi;Oq + +
Dolomite CaMg(CO;), +
Actinolite Ca, (Mg, Fe++);Si;0,,(OH), - +
Oligoclase (Na, Ca)(Si, Al),O4 - +
Gypsum CaSO,-2(H,0) +

(2006) have reported the dominance of quartz followed by
K-feldspar, mica, calcite, chlorite, and plagioclase in aerosol
samples at northwestern part of India adjoining Thar Desert
[44]. Microprobe data in the same study also revealed the
presence of biotite, amphibole, garnet, titanite, and zircon.
They observed that chemistry of atmospheric aerosol is
affected predominantly by upper continental crust influence.
Similarly, dusts from Jharia mining area in eastern Jharkhand
were found to be dominated by kaolinite, pyrite, albite, and
magnesiohornblende [37].

Furthermore, mineralogical composition of soil dust
provides important information about the region, possible
human health effects, and radiative forcing implications [45].
It also influences the acidification potential of rainwater and
various aquatic bodies. More alkaline materials have buffer-
ing effect against acidification [21, 46]. Due to this reason, soil
samples were also analyzed for mineralogical contents. The
mineralogical composition of soil samples showed that the
major part of all the samples contained quartz, muscovite,
and chlorite. The mineralogical composition of dustfall and
soil was compared at the site. The mineralogical composition
of the dustfall and soil differed significantly. It was observed
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FIGURE 8: (a)-(d): SEM images of dust and soil samples at magnifications 500x and 1500x.

that quartz, muscovite, and chlorite are present as major
minerals in dust and soil samples. If we consider dust and
soil having the same origin, it must have the same mineralog-
ical composition but the observed difference suggested that
chemical characteristics of suspended soil were significantly
modified in the atmosphere as the dust particles interacted
with atmospheric pollution [47]. Influence of local as well as
transported gaseous and particulate pollutants has resulted in
significant transformation in atmospheric dust.

3.3. Morphological Analyses of Soil and Dust. Morphological
assessment of the dust samples was carried out by using
SEM. Images of one dust and local soil sample with two
magnifications (500x and 1500x) are shown in Figure 8 (a to
d). It is clear from the figures that the dust sample was dom-
inated by spherical, irregular, tubular, long and prismatic,
porous, crystalline, and rhombic twining shape of particles.
The various shapes of the particles in dust samples might
be due to various sources, geological characteristics, traffic
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FIGURE 9: Number of factories registered in Delhi, 1990-2008 [28].

flow, land use and land cover pattern, and meteorological
parameters. It has been reported that regional geology and
wind direction are the controller of the mineralogy and
morphology of airborne dusts [48]. Similar to our results,
Pachauri and coworkers (2013) found variable morphology
in different size ranges of individual coarse particles in Agra,
India [49]. These workers have reported that tubular shape
was due to presence of silica while irregular and spherical
shapes were because of the biological particles [49].

The shapes of the particles varied from tubular struc-
ture of silica to irregular shape of biological particles [49].
Aluminosilicates and chain like aggregates of soot were
attributed to spherical to triangular and from rectangular to
irregular shapes. Pipal and coworkers (2011) also reported
that chain-like agglomerations might be due to the presence
of carbonaceous material such as soot [50]. The presence
of soot particles may be due to emissions from vehicular
traffic, thermal power plants, and other industrial units
located in and around Delhi. Figure 9 shows the number
of registered industrial units in Delhi while number of
vehicles can be read from Figure 2. The presence of chain-like
agglomerations soot particles at residential and commercial
site was attributed to domestic coal burning and biomass
burning by Rout and coworkers (2014) [37]. Zhao and
coworkers (2010) found that the irregular granular aggregates
were marker of construction dust and normal granular were
markers of road dust [39]. Chain aggregates and spherical
particles were considered from industrial smoke dust. The
difference observed in shape of dust and soil particle in this
study might be due to interaction of suspended soil with
various atmospheric pollutants. This has further implication
to radiative forcing, climate change, human health, cloud
formation, and so forth.

3.4. Elemental Composition of Soil and Dust. Figure 10 illus-
trates elemental composition of soil and dust samples. In
order to highlight the fraction contributed by other elements,
oxygen has not been included in the pies. However, oxygen
content has been mentioned separately on the respective pie.
These pies clearly show that fraction contributed by carbon
and calcium in dust is significantly higher than that of soil.
However, silica fraction dominated in soil samples. Similar

Oxygen 76%

Al
9%

7%
2%

(@)
Oxygen 77%

Al
9%

Mg
1%

3%

(b)

FIGURE 10: Average elemental composition of dust and soil samples
(excluding oxygen %).

observation has been reported by Kulshrestha and coworkers
(2012) where suspended particles have been found enriched
with carbon as compared with local soil [51]. Figure 11 shows
the comparison of elements in dust and soil samples. While
in suspension, the dust components have greater possibility
to interact with various air pollutants allowing adsorption of
gases and other particulates including carbonaceous aerosols.
The mineralogy determined by EDX supported these obser-
vations too. The soil sample had the presence of Si (8.21%),
C (5.37%), Al (2.08%), Mg (0.28%), Ca (0.45%), Fe (3.8%),
and K (0.61%). The dust sample showed Si (7.06%), C (6.59%),
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TaBLE 3: Industry wise registered factories in Delhi, 2007-2011 [28].
. . Factories
S. number Type of industries
2007 2008 2009 2010 2011
1 Food product 250 253 262 274 285
2 Beverages, tobacco, and tobacco products 32 33 33 36 38
3 Textiles products 1869 1886 1901 1918 1931
4 Wood products, furniture, and fixtures 254 247 250 254 256
5 Paper and paper products, printing publishing and 628 646 651 674 682
allied
Leather and leather fur products (except repair) 266 269 270 272 279
Rubber, plastic, petroleum coal products 524 528 528 537 557
8 Chemical and chemical products (except petroleum 288 295 296 297 293
and coal)
9 Nonmetallic mineral products 77 79 79 79 80
10 Basic metal and alloy industry 517 522 530 525 524
Metal products and parts machinery and transport
11 equipments-machine tools including electrical and 1692 1723 1735 1757 1759
supply
12 Electricity gas and stream water works and supply 73 83 84 94 102
13 Wholetsale trade in fuel, chemicals, perfumery, 10 10 15 7 2
ceramics, and glass
14 Public administration and defense services 1 1 2 2 2
15 Sanitary services 6 6 6 6 10
16 Repair of capital goods and repair services 422 439 452 465 470
17 Miscellaneous unspecified group 893 901 903 912 930
Total 7802 7921 7997 8109 8219
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FIGURE 11: Elemental composition of soil and dust samples (exclud-
ing oxygen).

Al (2.1%), Mg (0.22%), Ca (1.6%), Fe (3.84%), and K (0.51%).
These results indicated that the dust had more carbon content
due to various combustion sources. Relatively higher fraction
of Ca in dust is probably due to mixed contributions from
soil, road dust, and construction activities [43]. Similarly,
Fe, K, and Mg are contributed by crustal sources. Similar
to our results, Bhattacharjee and coworkers also found the
dominance of Si in soil samples [52]. Zhang and coworkers
(2010) have reported that Si was contributing 44.3% and
38.7% for dusty and nondusty cases, respectively [53].

FIGURE 12: NO, levels at Delhi [28].

Delhi has witnessed an exponential growth in population
which is almost proportional to the demand of land use
for urbanization [20]. Also, this has led to the increase in
fuel consumption. The sale of petrol as fuel has risen from
550,000 M tons to 800,000 M tons in a span of 10 years
from 2001 to 2010 [20] sharing an increase of over 63% in
consumption of petrol. Due to increase in vehicular growth,
road length, and construction activities, SPM and RSPM
levels have crossed NAAQS [29] (Figures 5 and 6). This is
witnessed by the increasing levels of NO, due to huge growth
of vehicles in Delhi [28] as shown in Figure 12. Similarly, the
sale of LPG is also increased by almost 50% from 2001 to 2010
[20].



Geography Journal

Table 3 gives the list of different types of industries in
Delhi [28]. The huge growth of industries might be one of
the possible reasons for higher C content in dust samples
as compared to soil. Around 39% growth is recorded in the
industrial units during 1994 to 2011 in Delhi region [20].
Similarly, as mentioned earlier, higher concentration of Ca
can be attributed to the increase in road length, vehicular
expansion, and construction activities.

4. Conclusion

The findings of study may be summarized as follows.

(1) Around 52 Gg of atmospheric dust is deposited in
Delhi city every year.

(2) LANDSAT images show a drastic change in LULCC
in Delhi during past two decades. Decreasing green
cover and built-up area of Delhi contribute high fluxes
of dustfall. Interaction of soil dusts with various air
pollution species results in more harmful nature of
atmospheric dust.

(3) Soil is dominated by silica but the atmospheric dust
has significantly high fraction of carbon soot. Car-
bon rich dust could have serious impact on human
health, global warming, visibility, radiative forcing,
monsoon, and so forth.

(4) The dustfall fluxes are significantly higher than the
value reported for temperate regions because of dry
weather conditions of Delhi region which support
higher rate of soil erosion and the suspension of soil
into the atmosphere.

(5) If the present rate of urbanization and industrializa-
tion continued, the size of green cover of the city will
be reduced in order to meet increasing demand of
housing, transport, and industrial sectors.
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