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Abstract:

Aerosol plays a major and vital role i the climate
change and it also affects the human life. It is found
that the tiny particles of dust, smoke and the various
gases emitted by industrial activities goes into the
atmosphere and they cause the asthmatic problems
for the human Iife. The same thing appears during
the cutting and cleaning the crop, cleaning the houses
during the time of Indian festivals like Diwali and
other occasions. Similarly, biomass buming also
plays a major role in these activities, even a
complicated compound (chapdi) used to seal the
envelope and packets create a very serious problem
m breathing i the human and animal life.Aerosol
affects the climate m the form of cooling as well as
heating. By keeping the above factors i mind a
review paper about aerosol, their productions and
effect are written. This paper will help in
understanding a basic idea about the aerosol.
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1. Introduction

The planet on which human activities exist in a
well-established manner is earth. The earth's
atmosphere supports it due to the different
composition of gases, which are essential for the
survival of the organism. These gases are very
important because these are related to human
activities in the direct or indirect way. The earth's
atmosphere is a thin layer of gases; it contains
several kinds of most abundant gases like major
gases, 78% nitrogen, 21% oxygen, 0.93% inert gas
like argon, in volume. Some small amount of other
types of gases, like carbon dioxide, 0.038% in
volume and other trace and inert gases are also
available in the atmosphere [1]. In addition to it,
particulate matter (PM) ie., aerosols are present,
which are widely variable in space and time. The
word aerosol was introduced about 90 years ago as

an excuse to the term hydrosol, a stable liquid
suspension of the solid particle [2].

The atmospheric  aerosols are  actually
atmospheric molecules and the ion chemical species
in one cubic centimetre of air; also contain a
substantial number of other suspended particles in
liquid, solid, gas as well as fluid phases varying in
size from a few nanometers to several microns
depending on the climate condition. In clean air, the
size of it is about 1 nanometer to 100 micrometres
and in the polluted air, their size can be 10,000
microns or more including bacteria, dust and
industrial waste [3].

There are several types of aerosols; smoke, haze
and fog are some most common examples of them.
Smoke is a cloud of particles produced by burning
wood, coal, oil and other carbonaceous fuels [4]. The
haze is a system of particles, grown to large size by
water vapour condensation on it and it reduces the
visibility; and fog is a collection of the small liquid
droplet containing water. These particles on colliding
and combining together form large droplets and their
radius become greater than 100 micrometres, they
appear as drizzle or even as rain [5, 6]. Smoke and
fog on combining together form a new type of
aerosol, known as smog [7]. In this way, the fog is an
example of mnatural aerosols and haze, dust,
particulate air pollutants and smoke are the examples
of artificial aerosols [2]. Thus the atmospheric
aerosols are characterised by extensive variation in
composition, size, physical characteristics, latitudinal
and altitudinal distributions [8-10].

2. Sources of Aerosol Production

The sources of atmospheric aerosols can be
terrestrial and extra-terrestrial. The extra-terrestrial
source contributes mainly in the stratosphere [11].
Aerosols originate in the atmosphere from terrestrial
sources are of natural processes and anthropogenic
(man-made) activity. The natural, primary or directly
sources of aerosols include interplanetary dust
(meteorites), terrestrial dust, sea-salt aerosols,
volcanic aerosols and biogenic aerosol production.
Indirect sources or secondary sources include the
chemical reactions, converting the natural and man-
made anthropogenic gaseous species into solid or
liquid particle from gas to particle conversion
process and their size is below about 0.2 micrometres
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in diameter. On a global scale, the natural sources of
aerosols are three to four times larger than
anthropogenic aerosols, but on regional- scale,
anthropogenic emission can be significant [12].

2.1. Soil Dust

The fine soil and sand particles are the major
contributor to aerosol loading, especially in the
subtropical and tropical region and are found all
around the world. The main sources of dust are the
region of desert, dry lake beds, semi-arid desert
fringes and the areas, where vegetation has been
reduced by the industrialization and other human
activities [13]. The dust particles are transported
from these regions to thousands of kilometers away
when the wind exceeds a threshold velocity, which is
a function of particle size, soil mixture and surface
roughness elements. Dust events are often triggered
by thunderstorm outflows passing topographic
depressions fulfilled by dust accumulated over a long
time. Figure 1 shows a picture showing the dust
uptake into the atmosphere [14].

Figure 1. Dust uptake into the atmosphere

The process of the uptake of dust and sand
particles from the soil depends on the near-surface
dynamics (see Figure 2) [15, 16]. The picking of dust
is controlled by the wind intensity, the soil wetness,
the soil texture and the land cover. Scientists
observed that wind speed greater than 0.5 m/s is
enough for picking up and keeping the airborne soil
particle as large as 2 micrometres in radius [17]. The
threshold value of wind increases with the size of the
particles because they are heavier and therefore more
difficult to lift up due to gravity. If the particles are
small the threshold wind value is high, since it has to
break rather strong cohesion force keeping small
particles together.

It has been estimated that up to 50% of the current
atmosphere dust load originates from the disturbed
soil surface and therefore it might be considered as
anthropogenic origin [18].

Figure 2. Process of particle motion

Within the uptake process, there are three modes
of aeolian particle motion identified [19], which are a
creep (the largest particles are moving by rolling
motion), saltation (particles in the size range from
70-500 micrometre) and suspension (the smallest
particles are wafting due to turbulent diffusion).

2.2. Sea-Salt Aerosol

The sea-salt aerosol is mainly produced by
bursting of air bubbles entrained in the ocean surface
during white cap formation [20-26]. Investigators
found that about 30% of the global aerosol burden
are due to sea-salt aerosol [23, 27]. It is very difficult
to estimate the production rate of this aerosol
because it depends on wind speed, salinity and the
sea state. This aerosol is mainly dominant in the
region of the marine atmosphere, where wind speed
is high or where the other sources of aerosol are very
weak [28, 29]. Figure 3 shows the breaking waves on
a beach in Hawaii, it also shows the white cap [30].

Figure 3. Breaking waves on a beach in Hawaii

2.3. Volcanic Aerosol

This is also a natural source of aerosols, which are
ejected into the atmosphere by strong volcanic
eruptions and it leads to the short-term change in the
climate [31]. Several gases evolved during the
volcano, which undergoes gas to particle conversion
and these particles injected into the stratosphere,
rapidly disperse around the globe by the large-scale
atmospheric waves.
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energy. Biomass burning produces both primary
aerosol particle and precursor gases for secondary
aerosol formation [45, 46]. About 70% of the mass
of particulate matter released is a fine carbon-
containing particle and out of it, 20% occur as black
carbon or elemental carbon, known as soot. The
magnitude of black carbon emitted from biomass
burning is similar to that from fossil fuel burning [47,
48]. Ethane, propane, acetylene and methyl chloride
are the main organic gaseous compound released
during biomass burning. At low saturation values,
these compounds condense easily and react with
y each other to form aerosol particles. The presence of

_— polar functional groups makes the many of the
Figure 4. Iliamna Volcano in Alaska organic compound aerosol water-soluble and allows
them to participate in cloud droplet nucleation [49].
Figure 6 shows the forest fires and burning of the
field in the topic, which creates the biomass burning
aerosols [50].

Aerosols produced from the gases remained
several years in the atmosphere [32-35]. In Figure 4
lliamna volcano is shown, which was seen in Alaska
[36].

2.4. Biogenic Aerosol

Biogenic aerosols are produced by oxidation of
biogenic emissions like terpenes [37]. The primary
biogenic aerosol consists of plant debris and
microbial particles. They are present, particularly in
densely vegetated region, i.e., in forest [38].] These
aerosols are characterized by low molecular weight
hydrocarbon and different dicarboxylic acids and
aromatic acid [39, 40]. The presence of humid-like
substance makes this aerosol light absorbing in the g S -

UV-B region and there is evidence that prlmary Figure 6. Biomass burning, including forest fires and the
biogenic particles may be able to act to form both as burning of fields in the tropics
cloud droplet and ice nuclei [41-43].

Black carbon (BC) is particulate pollutant species
produced from the incomplete combustion of any
carbon-containing material like fossil fuels, biofuel
and biomass in the absence of oxygen [51]. It is well
estimated that about 8 million tonnes of BC and 37
million tonnes of organic carbon are emitted
Fun s worldwide annually [52, 53].
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Figure 5. Primary biological aerosol particles

2.5. Aerosol from forest fire/biomass burning

This source of aerosols is globally important and
it plays a major role during the summer season when
the dry leaf of trees automatically burned up due to
temperature [44]. Africa has the greatest intensity of -
this source, where 40% of the total biomass burning
is found. In the tropical regions, the burning of fuel
wood and agricultural waste is a main source of

Figure 7. Black carbon aerosol.-
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It is found that 40% of BC is emitted from coal
and oil burned in industrial and mobile sources, 18%
of residential bio-fuel for heating and cooking
(wood, agricultural and animal waste) and 42% from
open biomass buming worldwide [54]. The Recent
study on BC shows that the majority of BC
emissions are from developing countries [55] and
this trend is expected to increase [56]. For black
carbon, aerosol see Figure 7 [57].

2.6. Sulfate and Nitrate Aerosol

The sulfate aerosols are produced by chemical
reactions involving gaseous precursors (SO2) from
anthropogenic sources and volcanoes [58]. The main
contribution of atmospheric sulfate is due to fossil
fuel combustion and industry and therefore the
source distribution and magnitude of this trace gas
are fair and well known and they do not differ by an
amount about 20% to 30% [59]. The major sulfur
compounds in the atmosphere are sulfur dioxide,
hydrogen sulfide, carbon disulfide, carbonyl sulfide
and dimethyl sulfide. The oxidations of these
compounds are photochemically induced and depend
on the amount of UV radiation. Since UV radiation is
mainly available in the stratosphere, so photo-
oxidation of these compounds is likely in the
stratosphere and in troposphere these are oxidized
mainly by the OH radical. While the main sources of
nitrate aerosol are soil release, fossil fuel combustion
and agricultural activities. Ammonia is also emitted
from agricultural activities [4]. Since the removal
mechanism such as rain does not affect the
stratosphere, so these aerosols remain in the
atmosphere for several vyears. Anthropogenic
activities produce nitrogen bearing gases. The major
nitrogen compound in the atmosphere is nitrous
oxide, which decomposes into nitrogen and nitric
oxide. Nitric oxide gets quickly oxidized to nitrogen
dioxide by reacting with ozone and finally, nitrogen
dioxide react with OH and forms nitric acid [58, 60].
The formation of the sulfate-nitrate-ammonium
aerosol is shown in Figure 8.
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Figure 8. Formation of Sulfate-Nitrate-Ammonium
Aerosol.
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3. Effects ofaerosols
3.1. Effects of aerosols on climate conditions

The solar energy influences the earth's
atmosphere. On an annual average basis, the
incoming solar flux should be equal to the outgoing
terrestrial radiation at the top of the atmosphere and
aerosol plays an important role in modulating the
radiative balance between the incoming solar and
outgoing terrestrial radiation and hence it affects the
earth-atmosphere radiation budget. The imbalance in
the net irradiance at any level in the atmosphere due
to any species in the atmosphere in units of watts per
square meter is known as radiative forcing [47, 61-
63]. Its negative value shows a loss of energy and
results in a cooling effect, while its positive value
represents a gain of energy, indicating a warming
effect. The aerosols can absorb as well as scatter the
radiation and hence it is an important species and has
the significant impact on the earth's atmosphere
radiation budget [64]. The scattering and absorbing
properties of aerosol depend on the size, refractive
index and their chemical composition. Since the
aerosol can reduce the radiation reaching the earth's
atmosphere and hence it leads to a cooling of the
surface and their effect varies with altitude [48. 65].
Since most of the aerosols scatter more than 90% of
the visible light and therefore the primary direct
effect of acrosols is the increase in the albedo and the
primary indirect effects of aerosols on clouds include
an increase in cloud brightness, change in
precipitation and possibly an increase in lifetime
[66], thus the overall net impact of aerosols is an
enhancement of the shortwave albedo, this effect
reduces the sunlight reaching the Earth’s surface,
producing a net climatic cooling, as well as a
redistribution of the radiant and latent heat energy
deposited in the atmosphere.
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Figure 9. Direct and indirect effects of aerosol.
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These effects can alter the atmospheric circulation
and the water cycle, including precipitation patterns,
on a variety of spatial and temporal scales [67]. The
direct and indirect effects of aerosol on climate
change are shown in Figure 9 [68].

Lots of researchers’ studies on aerosol radiative
forcing from the 1970s at different parts of the globe
[69-82] and on the basis of their research IPCC
published a report. A Summary of the estimates of
global average aerosol radiative forcing due to
aerosols reported by IPCC [47, 48 and 83] is given in
Figure 10.
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Figure 10. Estimates of global radiative forcing due to
different aerosols

On the basis of this figure, it is found that the
direct radiative forcing of the individual aerosol
species is less than the total direct radiative forcing.
The recent estimates of mean and uncertainty of the
different constituents are: sulfate, —0.4 (£0.2) W/m?;
fossil fuel organic carbon, —0.05 (+0.05) W/m?; fossil
fuel black carbon, +0.2 (£0.15) W/m?; biomass
burning, +0.03 (+0.12) W/m?; nitrate, —0.1 (+0.1)
W/m2 and mineral dust, —0.1 (0.2) W/m?. For
sulfate aerosols, the mean aerosol radiative forcing
values remained same for all the assessments, while
its uncertainty got reduced in the higher forcing
values. It is very interesting to see that the sign of the
biomass buming aerosols reversed in the 2007
assessment report, it indicates that the low scientific
understanding of the microphysical properties of
biomass burming aerosols [84] and the vertical
distribution of aerosols relative to the clouds [85,
86]. It is also found that the regional climate impacts
of atmospheric aerosols depend on the vertical
distribution of radiant energy absorbed by the
aerosols [87].

The recent studies showing that there is a decadal
change in the surface reaching solar radiation and it
varies significantly from one region to another region
of the globe. The decadal decrease or increase in the
surface reaching solar radiation is generally referred
to as “global dimming” or “global brightening” [88-

90]. The net reduction in shortwave radiation at the
surface due to the direct and indirect effects of
aerosols is estimated in the range —1.8 W/m2 to —4
W/m2 [91-93]. Researchers also show that the
reduction in net solar radiation reaching the surface
may be partly balanced by a reduction of
evaporation. It is found that about 60 to 70 percent of
the absorbed solar radiation at the ocean surface is
balanced by evaporation and this would lead to the
decrease in the water vapour content in the
atmosphere and reduce the precipitation. About 37
percent of the energy input to the atmosphere occurs
by the release of latent heat from water vapour that
condenses into cloud drops and ice crystals [94]. It is
found that absorbing aerosols not only cool the
Earth’s surface, but also warms the atmosphere
resulting in a reduction in the atmospheric lapse rate
leading to increased atmospheric stability [95].
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Figure 11. Cooling and Heating of atmosphere by

aerosols.

Globally, radiative cooling in the atmosphere is
balanced by latent heat release through precipitation.
It is found that the high anthropogenic aerosol
loading decreases the rainfall locally. Rosenfeld [96]
has reported large suppression in rainfall due to the
air pollution and forest fire. Hence the aerosol
forcing pathways have the significant impact on the
hydrological cycle. In addition, the changes in the
water cycle and synoptic-scale circulations are likely
to change the aerosol transport, modulate dry and
wet deposition processes and alter the physical and
chemical environments in which mixing of different
aerosol species may take place.

3.2. Effects of atmospheric aerosols on air quality
and human health

Besides the above effects, aerosols also have
environmental issue such as degradation of air
quality and implying health hazardous. If the soot
particles are very large in the atmosphere, then it
causes considerable risks to public health and for
agriculture. The study performed by researchers on
aerosol during the past two decades shows that the
pollutions due to aerosol in most urbanized regions
of the world cause severe health effects, including
premature death in people with heart or lung disease,
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aggravation of respiratory and cardiovascular
disease, impaired lung function and increased
respiratory symptoms [96, 97]. It is very well
established that the deposition of particulate
pollutants with acidic nature can speed up the
declination of building materials, harm vegetation,
damage the aquatic ecosystem, causes breathing
problems and even increases the death rate among
humans [98]. The smaller particle can penetrate
deeper into the lung during the breathing process and
hence their potential adverse health effect is much
higher [99]. These particles have a larger surface-to-
volume ratios and are generally produced from
combustion processes, which are known to produce
carcinogens such as  polycyclic aromatic
hydrocarbons. The elevated particulate air pollution
has been associated with declining in lung function
and increased respiratory syndromes [100, 101]. It is
found that every 10 pg/m3 elevation in fine
particulate air pollution was associated with
approximately 6 percent increased the risk of
cardiopulmonary and 8 percent lung cancer
mortality. These particulate emissions also affect the
agriculture. Several studies estimated that the
reduction in sunlight from regional “dimming” from
soot, sulfate, and other particles in Asia might
diminish crop yields by about 10 percent or more
[102].
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