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Abstract
While ‘Air Pollution’ is an alarming term for environmentalists, policy makers, governments and common people, 
its ‘anthropogenic sources’ make it a formidable hazard to deal with. The universal dependence of  humanity on 
fossil fuels, which has changed the way human beings live and breathe on this planet, has been a catastrophe for 
human health and the Earth’s environment. Although there exists a myriad of  anthropogenic air pollutants, their 
human-made sources, dominated by the combustion of  fossil fuels, can be conveniently grouped into a few major 
sectors (energy, industry, agriculture and waste) for the purpose of  comparison across various temporal and spatial 
domains, and the formulation of  strategies to monitor and control their emissions. While hundreds of  anthropo-
genic air pollutants are toxic, there exist six ubiquitous air pollutants which are regulated by the governments in 
most countries due to their significant harmful impacts on human health and the environment. The association of  
anthropogenic air pollutants and their emission sources is documented in the form of  emission inventories, span-
ning local, regional and global domains. This chapter provides an overview of  the types of  air pollutants, their 
primary sources, and the estimate of  their global emission strengths as represented in emission inventories.
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1.1 Introduction

The word ‘anthropogenic’ refers to anything 
produced due to human activities. Thus, any 
biological, chemical, radioactive or physical sub-
stance that is emitted into the air as a result of  
human activities, and results in concentrations 
higher than that which would be present in the 
natural atmosphere, leading to adverse impacts on 
human, animals, vegetation and other biotic as 
well as abiotic components of  the Earth and its 
atmosphere, would classify as an ‘anthropogenic 
air pollutant’. Specifically, anthropogenic emis-
sions are those that are produced as a result  
of  human activities but not necessarily those 

produced biologically from humans, e.g. emis-
sions of  ammonia (NH

3) from human breath/
sweat is a natural source of  NH3. The clearest in-
dication of  anthropogenic influence is visible in 
the growing difference in carbon dioxide (CO2) 
emissions and uptake, leading to a dramatic in-
crease in measured atmospheric CO2 levels, now 
crossing 400 ppm. The impacts of  anthropo-
genic air pollution are clearly manifested in the 
form of  global warming, premature mortality in 
the millions due to ozone (O3) and particulate 
matter (PM), extreme precipitation and droughts 
leading to crop loss, intensification of  cyclones, 
fog and haze jeopardizing daily lives, impacts on 
ecosystems, loss of  flora and fauna, increased 
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ecosystem carbon storage, and changes in soil 
nitrogen and phosphate, to name but a few 
(IPCC, 2013).

Air pollution is not only an emission prob-
lem but also a chemical problem. Hence, the 
sources of  air pollution are both primary and 
secondary. ‘Primary’ pollutants are those that 
are directly emitted into the atmosphere from 
various emission sources, e.g. sulfur dioxide 
(SO

2) emissions from coal burning in power 
plants, and nitrogen oxides (NOx: NO+NO2) from 
the transport sector. The concentration of  pri-
mary pollutants is likely to be greater near their 
emission sources, but depending on their chem-
ical lifetime and meteorological conditions, 
they can be transported over long distances 
(thousands of  kilometres) in a short time (days). 
‘Secondary’ pollutants are produced in the at-
mosphere due to various physical and chemical 
processes involving atmospheric constituents 

(gases and particles) including primary pollu-
tants, e.g. formation of  ozone (O

3) from NOx and 
hydrocarbons. High concentrations of  secondary 
pollutants can occur even in places far removed 
from large emission sources, e.g. O3 formation 
can take place in rural and even pristine remote 
areas due to photochemical reactions among O3 
precursors, as they are transported away from 
their emission sources (Mallik et al., 2013). Con-
temporary sources and impacts of  anthropo-
genic air pollutants span all environment regimes, 
spanning urban, semi-urban and rural areas, 
farmlands, forests, lakes, mountains and even 
oceans (Fig. 1.1).

1.2 Anthropogenic Air Pollutants

Although a variety of  chemical substances emit-
ted into the atmosphere due to human activities 

Fig. 1.1. The illustration shows the sources of various criteria and toxic air pollutants, as well as sources 
of greenhouse gases, encountered by a healthy farmer during his migration to a city. The various 
emission sources depicted are livestock, agriculture, industries, road dust, vehicular emissions and 
waste. As he experiences high levels of air pollution, his health deteriorates, cutting his journey short, 
and he is in a dilemma as to which path to tread next.
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exert significant harmful effects on human 
health and the environment, the United States 
Environment Protection Agency (USEPA) identi-
fies six ubiquitous air pollutants that need to 
be regularly monitored and regulated, hence 
referred to as ‘criteria pollutants’ (USEPA, 1990). 
These criteria pollutants are ground level O3, car-
bon monoxide (CO), nitrogen dioxide (NO2), lead 
(Pb), particulate matter (PM) and SO2. Regula-
tion of  criteria pollutants mandates develop-
ment of  air quality standards, which vary from 
country to country. The ‘non-criteria pollutants’ 
do not have an air quality standard assigned 
to them, and include the entire range of  air 
contaminants including toxic and hazardous 
substances, most of  which are volatile organic 
compounds (VOCs). Gases such as carbon dioxide 
(CO

2) and methane (CH4), co-emitted with vari-
ous criteria pollutants, are studied under the 
realm of  ‘greenhouse gases’ because of  their sig-
nificant control on the radiative balance of  the 
Earth’s atmosphere and, hence, its climate. Many 
short-lived air pollutants also influence the ra-
diative balance of  the Earth by absorbing ter-
restrial infrared radiation (e.g. tropospheric O3), 
absorbing (e.g. black carbon) or scattering (sul-
fate aerosols) solar radiation or by interacting 
with clouds. These influences on radiation in-
duce changes in the Earth’s climate. Therefore, 
such radiatively active pollutants are also known 
as short-lived climate forcers (IPCC, 2013).

1.2.1 Toxic pollutants

Toxic air pollutants, popularly known as ‘air 
toxics’ or as ‘hazardous air pollutants (HAPs)’, 
are known or suspected to cause serious health 
effects including cancer, reproductive and birth 
defects, or to cause adverse environmental effects 
(EPA, n.d.a). The USEPA identifies about 187 air 
toxics, emission sources for some of  which are 
given in Table 1.1. The sources of  air toxics can 
be classified as major and area sources. ‘Major 
source’ refers to a singular or a group of  station-
ary sources juxtaposed in an area of  common 
control, and can potentially emit 10 tons of  a 
HAP or 25 tons of  a combination of  HAPs annu-
ally (USEPA, 1992). A ‘stationary source’ implies 
any standing structure e.g. building, stack, or 
set-up which emits or may emit an air pollutant. 
An ‘area source’ refers to a stationary source or 
an aggregate of  stationary sources of  HAP that 

do not constitute a major source but are still a 
threat to human health and the environment.

1.2.2 Criteria air pollutants

1.2.2.1 Sulfur dioxide (SO
2 )

Sulfur is emitted into the atmosphere in various 
states of  oxidation. Despite its ubiquity in all 
spheres of  the globe, the most recognizable form 
of  sulfur in the atmosphere is SO2 as it is a pre-
cursor for sulfate aerosol – a key component of  
PM. The atmospheric sources of  SO2 are natural 
as well as anthropogenic but, over the years, the 
anthropogenic component has increased over-
whelmingly. The primary source of  SO2 is com-
bustion of  coal and oil (which contain 1–2 % 
sulfur by weight) with smaller contributions 
from other industrial activities such as metal 
smelting and manufacture of  H2SO4. The global 
SO2 emissions were of  the order of  115 Gg-SO2 
during 2005 with China contributing 32 Gg-
SO2 (~28%; Smith et al., 2011). Due to its pro-
found impacts on human health, and aquatic and 
terrestrial ecosystems including acid rain, SO2 
has been regulated in power plants and transport 
sectors in various developed countries employ-
ing desulfurization and end-of-pipe abatement 
techniques. However, over the Asian region, 
anthropogenic SO2 emissions are not well con-
trolled and are projected to increase under current 
regulations (Wang et al., 2014). SO2 can be toxic 
at high levels causing reduced respiration, in-
flammation of  the airways, and lung damage 
(ATSDR, 1998). Plants exposed to high levels 
of  SO2 incur acute foliar injury, where it can be 
oxidized to sulfite, which is very toxic and can 
interfere with photosynthesis and energy me-
tabolism. The SO2 emissions over India were 
estimated at 8.8 Tg for 2010 with sector-wise 
contribution of  66% and 32% from power and 
industries, and fuel-wise contribution of  76% and 
19% from coal and oil, respectively, to the na-
tional SO2 emissions (Lu et al., 2011). High SO2 
levels have been detected in ambient air of  mega-
cities like Beijing (60 ppbv in winter; Sun et al., 
2004) and Kolkata (6.4 ppbv in winter; Mallik  
et al., 2014). For India, the national ambient air- 
quality standard requires annual average SO2 to be 
less than 19 and 7.6 ppbv for industrial/residential 
and sensitive areas, respectively (CPCB, 2013; 
EPA, n.d.c).
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Table 1.1. Major sources and health effects of hazardous/toxic air pollutants. (Adapted from EPA, n.d.b)

Air toxic Major source Health effect References

Acetaldehyde Intermediate in synthesis of chemicals, preservatives, 
solvent in rubber, tanning and paper industries, silvering 
of mirrors, incomplete wood combustion

Irritation (eyes, skin, throat), probable human 
carcinogen

USEPA (1987);
HSDB (1993)

Acrolein Manufacture of acrylic acid, modacrylic fibers Mucous membrane irritation, probable human 
carcinogen

IRIS (2003)

Acrylonitrile Automobile exhausts, manufacturing facilities, solvents for 
spinning fibers, lithium batteries

Irritation of mucous membranes, headaches, 
numbness, tremors

USEPA (1985)

Arsenic compounds
(arsine)

Volcanoes, weathering of arsenic mineral ores, diet, fish, 
soil, water, air, metal smelters, industrial processes 
(semiconductor industries)

Nausea, diarrhoea, abdominal pain, nervous 
system disorders, inorganic arsenic is 
human carcinogen, (arsine is toxic)

USEPA (1984)

Benzene Gasoline, oil and coal burning, vehicle exhaust, industrial 
solvents, tobacco smoke

Dizziness, drowsiness, headaches, irritation 
(skin, eye, respiratory tract), unconscious-
ness at high levels

ATSDR (2007)

Beryllium  
compounds

Mining and processing areas, oil and coal burning, tobacco 
smoke

Inflammation of lungs, chronic beryllium 
disease, probable human carcinogen

IRIS (1998a)

1-3-butadiene Motor vehicle exhaust Irritation (eyes, throat, nasal passages, lungs) IRIS (2002)
Cadmium  

compounds
Oil and coal burning, incineration of waste Pulmonary irritation, kidney disease, probable 

human carcinogen
IRIS (1989)

Carbon tetrachloride Accidental releases in production, use and releases during 
disposal, e.g. in landfills

Headache, nausea, vomiting, liver and kidney 
damage, probable human carcinogen

IRIS (2010)

Carbonyl sulfide Combustion, commercial processes, natural sources Narcotic effects, irritation of skin and eyes IRIS (1991);
Mallik et al. (2016)

Chloroform Formation during the chlorination of drinking water, 
treatment of wastewater and swimming pools, landfills, 
waste sites, pulp and paper mills

Nervous system depression, hepatitis and 
jaundice, probable human carcinogen

IRIS (2001)

Chromium  
compounds

Ferrochrome production, ore refining, refractory, cement, 
chemical and automobile industries

Respiratory effects, e.g. shortness of breath, 
coughing, bronchitis, lung cancer

IRIS (1998b)

Coke oven emissions Steel, graphite, aluminium, power and construction  
industries

Conjunctivitis, dermatitis, respiratory and 
digestive system lesions, cancer

IRIS (1998b)

1,3-dichloropropene Soil fumigants Mucous membrane irritation, chest pain, 
breathing problems, probable human 
carcinogen

IRIS (2000)

Continued



10 
C

. M
allik

Air toxic Major source Health effect References

Ethylene compounds:
dibromide
dichloride
oxide

Additive to leaded gasoline
fumigation
chemical industry, vinyl chloride production, rubber and 

plastic industry
textile, detergent, ethane foam, solvents, antifreeze, 

adhesives, sterilants

Probable human carcinogens, impact on 
reproductive functions

damage to nervous and respiratory systems, 
liver, kidney

irritation to eye and skin, nervous system 
effects

IRIS (1993, 2004);
ATSDR (1990)

Formaldehyde Power plants, chemical industry, incinerators, automobile 
exhaust, wood products, e.g. building materials and home 
furnishings, concrete and plaster additives

Eye, nose throat irritation, respiratory effects, 
probable human carcinogen

IRIS (1990)

Hydrazine Chemical blowing agents/ pneumatogens, pesticides, boiler 
water treatment, textile dyes, photography and  
pharmaceutical intermediates, tobacco smoke

Eye, nose throat irritation, headache, 
dizziness, seizures, nausea, damage to 
nervous system, liver, kidney, probable 
human carcinogen

IRIS (1988)

Lead compounds Manufacture of batteries, lead alloys, lead products like 
sheets, pipes, ammunition and paint industries

Impacts circulatory, nervous, immune, renal 
and cardiovascular systems

USEPA (2006)

Manganese 
compounds

Natural sources, diet, iron and steel production, power 
plants, coke ovens, mining

Nervous and respiratory system effects, 
manganism

ATSDR (2012)

Mercury compounds Thermometers, barometers, batteries, lamps, industrial 
processes, lubricating oils, dental amalgams, inhalation in 
occupational settings, diet, e.g. fish

Toxic, central nervous system effects, e.g. tremors, 
slowed sensory and nerve functions, nausea, 
kidney pain, methyl mercury (blindness, 
deafness, impaired consciousness)

IRIS (1995)

Methylene chloride Solvent and paint stripper by a number of industries, e.g. drugs, 
pharmaceuticals, metal cleaning, electronics, insect sprays

Nervous system effects, e.g. decreased 
visual, auditory and motor functions

ATSDR (2000)

Nickel compounds Diet, contact with nickel-containing jewellery and stainless 
utensils, nickel metal refining, oil and coal combustion, 
tobacco smoking

Gastrointestinal distress, neurological effects, 
pulmonary fibrosis, renal edema, 
dermatitis; nickel refinery dust and nickel 
sub-sulfide are human carcinogens

ATSDR (2005)

Polycyclic organic 
matter (POM)*

Cigarette smoke, vehicle exhaust, agricultural burning, residential 
wood burning, asphalt roads, laying tar, meat grilling

Skin disorders, cancer IRIS (1999)

Toluene Automobile emissions, solvent for paint, adhesives, nail polish, 
print, etc., cigarette smoke, benzene production

Nervous system disorders, irritation of eyes, 
throat, respiratory tract, headaches, dizziness

IRIS (2005)

Vinyl chloride Manufacture of PVC plastic, vinyl products, e.g. pipes, cable 
coatings

Nervous system disorders, liver damage, 
human carcinogen

ATSDR (2006)

*Various polycyclic aromatic hydrocarbon compounds (PAHs), including benzopyrene.

Table 1.1. Continued.
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Several precursors of  SO2 in a lower oxidized 
state (reduced sulfur compounds, RSCs), includ-
ing dimethyl sulfide (DMS), hydrogen sulfide 
(H2S), carbon disulfide (CS2) and carbonyl sulfide 
(COS), contribute significantly to the global sul-
fur budget. Once released into the atmosphere, 
these are oxidized to produce SO2. Landfills are a 
major source of  anthropogenic RSCs. Due to its 
comparatively long lifetime, COS is able to pene-
trate into the stratosphere where its photolysis 
and subsequent oxidation contributes to the 
stratospheric sulfate layer. Being the major pre-
cursors of  sulfate aerosols which exert a nega-
tive radiative forcing on the atmosphere, sulfur 
gases indirectly play a crucial role in the Earth’s 
radiative balance and are of  great interest to 
geoengineering (climate engineering) experts.

1.2.2.2 Nitrogen oxides (NOx )

NOx is composed of  both NO and NO2. NO has 
both natural (e.g. soils, lighting) and anthropo-
genic sources (e.g. vehicle exhaust). NO2 is 
formed from the oxidation of  NO. NOx is the 
major precursor of  tropospheric O3. NO converts 
atmospheric HO2 into OH, the most important 
oxidizing agent in the Earth’s atmosphere. Thus, 
NOx exerts pivotal control in the chemical cyc-
ling of  atmospheric oxidants. In regions of  high 
NOx, ozone is generally photochemically pro-
duced as NO oxidizes to NO2 via peroxy radicals 
(formed during oxidation of  CO, CH4 and VOCs) 
and NO2 is photolyzed at λ<424 nm. In regions 
of  low NOx, ozone is catalytically destroyed. Fur-
ther, under very high NOx conditions, NO2 acts 
as a sink of  atmospheric OH, resulting in the for-
mation of  acids (HNO3) and simultaneously ter-
minating the cycling between atmospheric OH and 
HO2. The formation of  HNO3 brings back nitro-
gen into the biosphere. While NOx is a useful 
catalyst in atmospheric chemistry, it has harm-
ful effects on the health of  human beings and 
the environment. High NO2 levels can aggravate 
asthma and other respiratory diseases, and 
long-term exposure can actually lead to them. 
NOx also leads to acid rain, haze, photochemical 
smog and algal bloom and has been designated 
as a criteria pollutant by the USEPA, making it 
mandatory to monitor and control NOx emis-
sions. The National Ambient Air Quality Stand-
ard (NAAQS) for NOx over USA is 53 ppbv over a 
year, as determined by the USEPA. For India, the 

national ambient air-quality standard requires 
annual average NO2 to be less than 21 and 16 
ppbv for industrial/residential and sensitive 
areas, respectively (CPCB, 2013).

The major source of  NOx is fossil fuel com-
bustion. For India, the road and power sectors 
constituted 34% and 31% of  the national NOx 
emissions, respectively, while industry and bio-
mass burning accounted for 17% and 13% of  
NOx emissions during 2005 (Garg et al., 2006). 
The Emissions Database for Global Atmospheric 
Research (EDGAR) inventory reveals that the 
top five NOx emitters globally are China, USA, 
international shipping, India and Russia with 
contributions of  20.7, 14.2, 13.8, 7.1 and 4.3 Tg, 
respectively, in 2008 (JRC, n.d.). For the EDGAR 
inventory, NOx emissions in China showed about 
40% increase during 2000–2005 and a further 
26% increase in 2008 compared to 2005. How-
ever, over Europe NOx levels have declined from 
14 Tg in 2005 to 8 Tg in 2014 (EEA, n.d.).

1.2.2.3 Tropospheric O3

Tropospheric O3 (secondary air pollutant) is not 
emitted directly into the atmosphere but chem-
ically formed due to photochemical reactions in-
volving NOx (primary pollutants) and volatile 
organic compounds (VOCs). While O3 itself  is an 
oxidant, it is the primary source of  atmospheric 
OH (R1–R3), the ‘detergent’ of  the atmosphere.

O h O D O3
1

2+ ® ( )+n  (Eq. 1.1), λ<330 nm 

O D M O P M M N O1 3
2 2( ) + ® ( )+ =( ),

  
 (Eq. 1.2)

O D H O OH1
2 2( ) + ®

 
(Eq. 1.3)

While O3 plays a crucial role in atmospheric 
chemistry, acting both as a regional and a global 
pollutant because of  its lifetime and formation 
during transport of  its precursors, it also plays a 
harmful role with respect to the environment, 
climate, crops and human health, and hence is 
designated as a criteria pollutant by the USEPA. 
In humans, O3 can cause shortness of  breath, 
inflamed respiratory tract, aggravated lung dis-
ease and chronic obstructive pulmonary disease 
(COPD). In plants, O3 impacts sensitive vegeta-
tion and ecosystems, reduces photosynthesis 
and stunts growth, damaging crops. Sicard et al. 
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(2017) have found that key biodiversity areas in 
South and North Asia are at risk from high O3 
concentrations. The USEPA NAAQS requires 
annual fourth-highest daily maximum 8-hour 
O3 concentration, averaged over 3 years, to be 
below 70 ppbv.

Apart from its pivotal role in atmospheric 
chemistry, O3 is a greenhouse gas (because of  its 
strong absorption band centred at 9.6 μm). The 
radiative forcing (RF) of  tropospheric O3 was es-
timated (with a medium level of  scientific under-
standing) at 0.35 Wm−2 with an uncertainty 
range of  0.25–0.65 Wm−2 (Forster et al., 2007), 
making it the third most important anthropo-
genic greenhouse gas next to carbon dioxide 
(CO2) and methane (CH4). Long-term measure-
ments show increasing O3 levels over past dec-
ades mostly due to increases in anthropogenic 
emissions of  ozone precursors (Oltmans et al., 
2006; Mallik et al., 2015). Paoletti et al. (2014) 
estimated that O3 has increased much faster over 
urban areas compared to rural areas in the USA 
and Europe. Studies estimate a positive increase 
in surface O3 up to 5 ppbv for the Asian region by 
2050 (Wild et al., 2012).

1.2.2.4 Carbon monoxide (CO)

Carbon monoxide (CO) is not only a formidable 
primary atmospheric pollutant but also a cru-
cial player in regional and global atmospheric 
chemistry. As a primary pollutant, it reduces the 
oxygen-carrying capacity of  the blood, which 
can lead to unconsciousness and even death at 
high CO levels (WHO, 1999). Being a precursor 
to important greenhouse gases, O3 and CO2, CO 
emissions may be attributed an indirect radiative 
forcing of  around 0.2 Wm−2 (Forster et al., 2007). 
CO is a major sink for atmospheric OH, the main 
cleansing agent of  the atmosphere (R4). The oxi-
dation of  CO by OH (R4) has manifold implica-
tions to atmospheric chemistry, including the 
HOx cycling, production of  tropospheric ozone, 
and the abundance of  greenhouse gases like me-
thane and carbon dioxide. Thus, this single reac-
tion (R1) exerts immense control over the chemical 
and radiation budget of  the atmosphere region-
ally and globally.

CO OH O CO HO+ + → +2 2 2  (Eq. 1.4)

The sources of  CO are ubiquitous, as it is 
formed whenever combustion and burning of  

carbon-based products occur; this includes in-
complete combustion of  fuels in industry, trans-
port and domestic sectors, burning of  crops and 
forest fires. It is also formed by oxidation of  CH4 
and non-methane volatile organic compounds 
(NMVOCs). Due to its fairly long lifetime (<few 
months), CO emissions over a region can influ-
ence its zonal-mean concentration levels. It can 
be conceived that with increasing needs for food 
and fuel, the emission of  CO will increase, particu-
larly over developing regions of  the world. How-
ever, using Atmospheric Infrared Sounder CO 
measurements, Warner et al. (2013) found that 
the mixing ratio of  CO in the Northern Hemisphere 
has decreased by 1.28 ppb yr–1 during 2003–
2012, but there is still some uncertainty regard-
ing regional CO trends (Jiang et al., 2017). The 
EDGAR inventory shows that global CO emissions 
decreased by 1.5% in 2008 compared to 2005. 
Globally during 2008, the top five emitters of  CO 
were China, Africa, Sudan, India and the Congo, 
contributing 106, 105, 61, 58 and 53 Tg, respect-
ively (EDGAR v4.2). Global CO emissions are dom-
inated by anthropogenic emissions (500–600 Tg 
yr−1) followed by biomass burning (Granier et al., 
2011) with significant inter-annual variability 
(300–600 Tg yr−1). The National Ambient 
Air Quality Standard (NAAQS) set by the USEPA 
for CO is 9 ppmv for an 8-hour average and this 
value should not be exceeded once over a year. 
For India, the national ambient air-quality stand-
ard requires an 8-hour average CO to be less than 
1.8 ppmv for industrial, residential and sensitive 
areas (CPCB, 2013).

1.2.2.5 Particulate matter (PM)

Perhaps, the most notorious of  all air pollutants 
is PM. There are two main categories of  PM: par-
ticles with a diameter less than 10 μm are called 
PM

10 and those with a diameter less than 2.5 μm 
are known as PM2.5. Particles less than 1 μm 
(PM1.0) include black carbon (BC) and organic 
carbon (OC). The major chemical constituents 
of  PM are generally inorganic ions, e.g. ammo-
nium, sulfate and nitrate. Sea salt, mineral dust, 
organic and elemental carbon form minor con-
stituents of  PM. Despite thousands of  publica-
tions every year on particulate matter, a large 
fraction of  PM remains unapportioned (Fuzzi 
et al., 2015). The severest impacts of  PM are 
encountered in the form of  human mortality and 
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morbidity (up to several millions globally due to 
respiratory and cardiovascular impacts), loss in 
visibility, and haze and fog, leading to slower traf-
fic, greater vehicular emissions and economic 
loss (due to delays). The climate impacts of  PM 
include atmospheric warming caused by black 
carbon (+0.4 to +0.8 W m−2; IPCC, 2013), and 
change in precipitation patterns mediated by or-
ganic aerosols, etc. The major anthropogenic 
sources of  PM are grassland and agricultural 
waste burning, construction and demolition ac-
tivities, road dust, combustion of  fuels (fossil 
fuels, wood, etc.), industrial emissions, mining 
and quarrying operations with more details 
provided later. The NAAQS set by the USEPA for 
PM

10 and PM2.5 are 150 and 35 μgm−3, respectively, 
for 24-hour averages over a 3-year period. For 
India, the national ambient air-quality standard 
requires 24-hour PM10 (RSPM) to be less than 
100 and 60 μgm−3 for industrial/residential 
and sensitive areas, respectively (CPCB, 2013; 
https://www.epa.gov/pm-pollution/particulate- 
matter-pm-basics#PM).

1.2.3 Greenhouse gases

1.2.3.1 Carbon dioxide (CO2)

CO2 is the most important and most discussed 
anthropogenically emitted greenhouse gas and 
the poster child for global warming. CO2 levels 
have steadily increased from 278 ppmv during 
the beginning of  the industrial era (1750) and 
recently reached the 400 ppmv mark, showing 
more than a 40% increase (NOAA, n.d.). The 
major causes of  CO2 enhancement are increas-
ing anthropogenic emissions, especially fossil 
fuel combustion, cement production and land 
use change. Between 1750 and 2011, CO2 emis-
sions from fossil fuel combustion and cement 
production are estimated to have released 375 
GtC, while land use changes and deforestation 
have released 180 GtC, totalling 555 GtC for net 
anthropogenic emissions (IPCC, 2013). The an-
nual CO2 emissions from fossil fuel combustion 
and cement production was 9.8 GtC for 2011 
alone (IPCC, 2013). In 2011, fossil fuel emis-
sions were 9.5 PgC (IPCC, 2013). Of  the 555 Gt 
CO2 emitted during 1750–2011, only 155 
was taken up by the ocean, yet there has been 
26% increase in hydrogen ion concentration in 

surface ocean water during the same period 
(IPCC, 2013). While the total anthropogenic 
 radiative forcing (RF) for 2011 relative to 1750 
is 2.29, CO2 alone is responsible for a RF of  
1.68, i.e. 73% of  the RF. Total CO2 emissions are 
linearly related to global surface temperatures, 
hence substantial reduction in CO2 emissions is 
required to arrest rising temperatures (IPCC, 
2013). In fact, 65% of  our carbon budget com-
patible with a 2°C goal is already used, and to 
limit global surface temperatures to below 2°C, 
we are allowed to further release a net 1000 
GtCO2 only into the atmosphere (IPCC, 2013). 
Fossil fuel-derived CO2 emissions in China have 
increased by more than a factor of  two over the 
recent decade and China surpassed the United 
States as the world’s largest fossil CO2 emitter in 
2006 (Gregg et al., 2008; WRI, n.d.). The impact 
of  CO2 emissions on humanity has been so 
profound that it has given rise to ‘carbon trad-
ing’, a process of  buying and selling permits 
to emit CO2. However, despite intense efforts 
from the global scientific community, there still 
exist large discrepancies between estimates of  
CO2 emissions based on in situ measurements 
and those from emission inventories (Chandra 
et al., 2016).

1.3 Sources of Anthropogenic  
Pollutants

While there are hundreds of  primary anthropo-
genic air pollutants in the Earth’s atmosphere, 
their emission sources can be broadly classified 
into four sectors, as shown in Fig. 1.2 (Vallack 
and Rypdal, 2012). The energy sector, account-
ing for combustion and handling of  fuels, is by far 
the most notorious contributor to anthropogenic 
air pollution. Emissions from various industries, 
barring the combustion of  fuels, constitute the 
sector for industrial processes, solvent and other 
product use. The sector for agriculture, forestry 
and vegetation fires comprises all agricultural ac-
tivities including crop burning, savanna burning, 
etc., but again excluding fuel combustion. The 
sector for waste comprises emissions related to 
waste storage, collection and disposal. The ap-
proach for nomenclature of  the sectors varies 
from inventory to inventory (described under 
‘Emission Inventories’ below), for example, the 

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics#PM
https://www.epa.gov/pm-pollution/particulate-matter-pm-basics#PM
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Intergovernmental Panel on Climate Change 
(IPCC) uses the nomenclature ‘agriculture, land 
use change and forestry’ while the Global Atmos-
pheric Pollution Forum uses the nomenclature 
‘agriculture, vegetation fires and forestry’ (IPCC, 

1996; Vallack and Rypdal, 2012). The discussion 
in the present section is based mainly on the man-
ual of  the Global Atmospheric Pollution Forum 
(Vallack and Rypdal, 2012) but tries to offer an 
easy-to-understand simplistic overview.

Emission
categories

Industrial processes,
solvent and other

product use

Mineral

Chemical

Metal

Paper

Food and
drinks

Paint

Degreasing
and

dry cleaning

Chemical
products

Others

Combustion

Waste

Waste incineration

Solid waste disposal

Waste water discharge
and treatment

Human excreta

Agriculture

Rice
cultivation

Crop-
residue
burning

Savanna
burning

Animal
husbandry

FertilizerManure

Forest
and

grassland
fires

Fugitive
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Manufacturing industries and construction

Iron
and
steel

Construction

RoadAviation Railways Domestic
navigation

Pipeline
transport

Other
ground
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Transport

Fuel combustion in other sectors

Buildings and
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and
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and
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Chemicals Non-
metallic
minerals

Non-
ferrous
metals

Others

Manufacture
of

solid fuels
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Power
and

heat generation

Energy Agriculture,
vegetation fires

and forestry

Fig. 1.2. Sector-wise distribution of anthropogenic emission sources. While the processes shown are 
self-explanatory, ‘fugitive emissions’ refers to non-combustion activities pertaining to exploration, 
processing, production, storage, distribution and use of fuels such as natural gas, gasoline, etc. (Adapted 
from Vallack and Rypdal, 2012.)
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1.3.1 Emissions from the ‘energy’ sector

Emissions from the energy sector can be sub-
divided into two main components: direct com-
bustion from fuel; and fugitive emissions from 
transport and handling of  fuels. Combustion of  
fossil fuels is by far the largest source of  most an-
thropogenic air pollutants and greenhouse 
gases. During 2002–2011, CO2 emissions from 
fossil fuel combustion and cement manufactur-
ing alone have grown at 3.2% yr−1 with an aver-
age emission rate of  8.3 petagram carbon per 
year (PgC yr–1; IPCC, 2013).1 ‘Fossil fuel’ is a 
common term for representing buried combust-
ible geologic deposits of  organic materials, formed 
from animal and plant remains that have been 
metamorphosed to oil, gas or coal by the action 
of  heat and pressure in the Earth’s crust over mil-
lions of  years. The global energy demand has 
been steadily increasing from 356 quadrillion 
British thermal units (quad Btu) in 1990 and 

410 quad Btu in 2000 (decadal increase of  15%) 
to 523 quad Btu in 2010 (decadal increase of  
27%), and projected at 600 quad Btu in 2020 
(AEO, 2017; IEO, 2017). The major contributors 
to the reference projection of  580.7 quad Btu in 
2016 are 136.3 quad Btu from China (23.5%), 
97 from USA (16.7%), 80.7 from Europe (OECD 
countries only, 13.9%), 34 from Middle-East 
Asia (5.8%), 29.8 from India (5.1%) and 29.7 
quad Btu from Russia (5.1%), all other coun-
tries together accounting for less than 30% of  
the world’s energy consumption (IEO, 2017). For 
the 550 quad Btu energy consumed around the 
globe in 2012, liquid fuels, e.g. crude oil, petrol-
eum, etc., comprised 183.5 quad Btu (33.3%), 
coal comprised 153 (28%), natural gas 124 
(22.7%), renewables 64 (11.5%) and nuclear 
energy about 24.5 (4.4%) Btu, respectively (AEO, 
2017; IEO, 2017). However, the percentage con-
tribution of  fuels varies greatly from country to 
country (Fig. 1.3; Table 1.2).

Coal

Liquid fuel

Natural gas

Renewables

Nuclear energy

China

Middle East

Africa

USA

India

Brazil

Europe OECD

Russia

Others

Fig. 1.3. Region-wise distribution 
of energy demand across the 
globe based on fuel type. (Based 
on data from IEO, 2017.)
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Figure 1.3, based on IEO (2017), reveals 
the huge dependence of  China on coal for its en-
ergy demands and accounts for over 50% of  the 
energy from coal worldwide in 2012. On the 
other hand, USA and Europe consumed nearly 
70% of  the world’s nuclear energy during 2012. 
The ratio of  energy consumption from coal to re-
newables was 7.6 for China while it was only 1.1 
for Europe (OECD), showing that Europe de-
pended nearly equally on coal and renewables, 
while China depended overwhelmingly on coal 
in 2012. This value was 3.6 for India and 2.2 for 
USA. Moreover, the ratio of  coal to natural gas 
consumption was 15.8 for China, while this 
value was 6.0 for India, 0.7 for USA and OECD 
Europe and only 0.3 for Russia, again showing 
natural gas as a more favourable energy source 
in the latter countries. Further, it has been pro-
jected that the use of  coal would slowly stabilize 
over the years with decreases in China offset by 
increases in India. The use of  liquid fuels and 
natural gas continue to increase unabated (IEO, 
2017). Global oil production grew by only 
0.4 million barrels/day in 2016, while oil con-
sumption growth averaged 1.6 million barrels/
day (EIA, n.d.a). However, the dependence on re-
newable energies is projected to increase at a 
higher rate (2.3% per year between 2015 and 
2040) compared to other energy sources (IEO, 
2017).

Product-wise, oil products can be classified 
as distillates: light (motor and aviation gasolines 
and light distillate feedstock) and middle (jet, 
gas, kerosene and diesel oils), fuel oil (marine 
bunkers and crude oil used without refining) 

and others (liquefied petroleum gas or LPG, re-
finery gas, solvents, petroleum coke, bitumen, 
wax and lubricants). Crude oil is a yellow to 
black mineral oil of  varying density comprising 
several naturally originating hydrocarbons. 
Natural gas is composed of  gases in gaseous or 
liquefied forms in underground deposits, the 
main constituents being overwhelmingly me-
thane and some ethane. Natural gas liquids 
(NGLs) are the liquefied or liquid hydrocarbons 
produced in the purification/manufacture of  
natural gas, the major constituents being pro-
pane, ethane, pentane, butane, natural gasoline, 
etc. Refinery gas is a non-condensable gas re-
covered during treatment of  oil products in re-
fineries and petrochemical industries or during 
distillation of  crude oil, and consists mainly of  
olefins, hydrogen, ethane and methane. Lique-
fied petroleum gases (LPG) are the light hydro-
carbons consisting mainly of  propane (C

3H8) or 
butane (C4H10) or both, extracted from crude oil 
plants, refinery processes and natural gas pro-
cessing plants and are normally liquefied under 
pressure for transportation and storage with a 
net calorific value of  about 47 terajoules per 
kiloton (TJ/kt; Vallack and Rypdal, 2012). Gas-
oline consists of  various C5–C12 hydrocarbons; 
motor gasoline is a light hydrocarbon oil distilled 
between 35°C and 215°C with additives, oxy-
genates and octane enhancers and is used as a 
fuel for land-based spark ignition engines (net 
calorific value 44.8TJ/kt; Vallack and Rypdal, 
2012). Kerosene is a refined petroleum distillate 
comprising mainly C13–C15 hydrocarbons ob-
tained from distilling medium oil between 150°C 

Table 1.2. Country-wise division of global energy consumption during 2012. The values for Europe are for 
OECD (Organisation for Economic Co-operation and Development) countries only. (From EIA, n.d.b)

Country

Liquid fuel
(million 

barrels/day)

Coal
(British thermal 

units)

Natural gas
(trillion cubic 

feet)

Renewables
(British thermal 

units)

Nuclear
(billion kilowatt 

hour)

China 10.6 80.6 5.1 10.6 93
USA 18.5 17.3 25.5 7.8 769
Europe 14.4 12.5 17.9 11.7 837
Middle East 16 0.1 14.8 0.2 1
India 3.6 12.6 2.1 3.5 30
Russia 3.4 4.5 15.7 1.7 166
Africa 3.5 4.3 2.7 4.7 12
Brazil 3.3 0.5 1.1 6.8 15
World 91.4 153.9 120.8 63.7 2345
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and 300°C and its volatility is intermediate be-
tween gasoline and diesel oil with a net calorific 
value of  about 43.75 TJ/kt (Vallack and Rypdal, 
2012). Diesel oil (mostly C14–C18 hydrocarbons) 
is obtained by distilling crude oil between 180°C 
and 380°C (net calorific value 43.34 TJ/kt; Val-
lack and Rypdal, 2012). The pollutants released 
from various emission sources can be identified 
from the measurements of  NMVOCs in ambient 
air and robust studies have been carried out in 
various parts of  the world using correlations of  
different NMVOCs to identify and characterize 
such emissions (Derwent et al., 2000; Xie and 
Berkowitz, 2006; Mallik et al., 2014). In general, 
diesel cars, although more energy efficient com-
pared to petrol cars, emit more NO

x and particu-
late matter, while petrol cars (with or without 
catalysts) emit more hydrocarbons, CO and CO2 
(Air Pollution, n.d.). The NOx emission factors 
for gasoline in passenger cars (uncontrolled) is 
estimated at 1.8 g/km, while it is 2.7 for diesel 
and about 2.1 for CNG and LPG (Vallack and 
Rypdal, 2012). For heavy-duty vehicles (uncon-
trolled), NOx emission factors are 14.3 and 5.7 
g/km for diesel and LPG, respectively (Vallack 
and Rypdal, 2012).

1.3.2 Emissions from the sector  
‘Industrial processes, solvent and other 

product use’

This sector includes industries and activities- 
related to the production and usage of  minerals, 
chemicals, metals, paper, food and drink, paint, 
grease and laundry, except those related to energy, 
e.g. emissions from coke during iron manufacture 
in a blast furnace due to their use as a reducing 
agent, or evaporative emissions of  sulfur and 
hydrocarbon compounds in activities related to 
paints. Emissions from combustion processes 
for the generation of  heat and electricity within 
the industries is accounted for under the energy 
sector. The emissions under the mineral sub-
sector include production and manufacture of  
bricks, cement, lime, paving of  roads with asphalt 
releasing a variety of  pollutants such as SO

2, 
NOx, CO, non-methane hydrocarbons (NMHCs), 
CO2 and PM. Emissions due to the production of  
various chemicals like NH3, HNO3, urea, etc. are 
included under the chemical industry subsector. 
Metal production includes industries related to the 

production of  iron, aluminium, zinc, copper, etc. 
‘Solvent and other product use’ includes the ap-
plication of  paints in domestic, commercial and 
industrial sectors (including painting of  buildings, 
homes, ships, vehicles, etc.), manufacture (poly-
ester resin, PVC, ink, glue, rubber, etc.), print in-
dustry, extraction of  non- edible oils, etc., releasing a 
variety of  NMHCs into the atmosphere. Food pro-
duction includes all processes that occur after the 
harvesting of  crops or slaughtering of  animals.

1.3.3 Emissions from the sector  
‘Agriculture, vegetation fires and forestry’

This sector includes emissions related to the culti-
vation of  various crops including preparing land, 
manure management, fertilizer application, ani-
mal husbandry including enteric fermentation, 
field burning of  agricultural residues as well as 
grassland burning for crop plantation. This sec-
tor, along with fossil fuel combustion and food 
production, is a major channel for release of  re-
active nitrogen into the atmosphere. The use of  
manure and fertilizers leads to increased nitrous 
oxide (N

2O) in the atmosphere. N2O is very 
effective as a greenhouse gas (310 times more 
potent than CO2 in global warming) and O3 scav-
enger. Rice cultivation alone occupies more than 
one-tenth of  the total arable land area of  the 
Earth (1.5 billion hectares which is about 10% 
of  the global total land area) and is a major 
source of  atmospheric methane (FAOSTAT, 
2017). Animal grazing uses over 3 billion hec-
tares of  meadows and pastures globally (Klein 
Goldewijk et al., 2011). Livestock is a major con-
tributor to global greenhouse gas emissions 
(FAO, 2006) and a meat-based diet may have 
twice the carbon footprint over a vegetarian diet 
(Center for Sustainable Systems, University of  
Michigan, 2017). Animal husbandry or rearing 
is a major source of  atmospheric methane. The 
agriculture and waste sector accounted for one-
third, i.e. 188 of  the 558 Tg CH

4 yr−1 emissions 
during 2003–12 (Saunois et al., 2016; GCP, 
n.d.). Between 1750 and 2011, land-use change 
(mainly deforestation) is estimated to have re-
leased 180 (100 to 260) PgC (IPCC, 2013). The 
major factor responsible for land-use change 
emissions between 2002 and 2011 was found to 
be tropical deforestation, releasing about 0.9 
PgC yr–1, with gross deforestation emissions 
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alone accounting for about 3 PgC yr–1 (IPCC, 
2013). The CO emission factors for combustion of  
different woods and waste vary in the range of  
1000–5000 kg TJ−1, which is more than 50 times 
higher than that for the burning of  coal or oil 
(Vallack and Rypdal, 2012). The emission factors 
for NMVOCs for wood and waste burning are about 
600 kg TJ−1, OC from wood burning is about 
1.77 kg ton−1 fuel, much higher compared to only 
0.9 from coke ovens emissions from anthracite 
and bituminous coal (Vallack and Rypdal, 2012).

1.3.4 Emissions from the sector ‘Waste’

This sector includes emissions due to the dis-
posal of  waste by incineration/burning or chem-
ical treatment in landfills and sewages. Activities 
comprise combustion of  solid wastes, NH3 emis-
sions from latrines, waste-water treatment and 
disposal, etc. This sector is a source of  a large num-
ber of  hydrocarbon, nitrogen and sulfur com-
pounds in the atmosphere (Kim et al., 2006). 
The SO2 emission factors vary between 1.25 and 
1.75 kg ton−1 for different kinds of  municipal 
waste burnings except in the open where this 
factor is about 0.5 only (Vallack and Rypdal, 
2012). Similarly, the NOx emission factors for 
municipal waste burning vary between 1.2 and 
3 kg ton−1, the highest being for open burning 
(Vallack and Rypdal, 2012). For open burning, 
the emission factors for CO, NMHCs, PM10 and 
PM2.5 are 42, 3.3, 8 and 6.4 kg ton−1, respectively 
(Vallack and Rypdal, 2012).

1.4 Emission Inventories

The emission sources of  anthropogenic air pol-
lutants and greenhouse gases are reported 
under the purview of  various emission inventor-
ies. As the name suggests, an ‘emission inventory’ 
is a catalogue or database of  various emission 
sources for air pollutants and greenhouse gases, 
and is supposed to account for the emissions of  
the pollutants over several geographic grids 
(usually in squares of  degrees/kilometres) dur-
ing a specific time (usually years). To build up an 
emission inventory, information is required re-
garding the potential of  the source to release a 
particular pollutant (emission factor, e.g. kilo-
grams of  SO

2 emitted due to combustion of  each 

ton of  coal) and the activity/amount of  the 
source (e.g. amount of  coal consumed by a 
power plant per day). An emission factor rep-
resents the relationship between the amounts 
of  a pollutant released and an activity leading to 
the release of  that pollutant. Emission factor is 
generally expressed as the weight of  the pollu-
tant released per unit volume, weight or distance 
of  the activity emitting the pollutant. The net 
emission is the product of  the emission factor 
and the activity rate (EPA, 1995).

The emission factor of  a pollutant for the 
same source can vary significantly across the 
globe, e.g. the sulfur content of  coal varies from 
region to region, hence the SO

2 emission factors 
for coal will vary by region. Similarly, NOx and 
hydrocarbon emissions from cars will vary from 
country to country depending on technology, 
fuel, regulations, implementation and usage. The 
information regarding emission factors is derived 
from laboratory experiments, chamber measure-
ments as well as in situ measurements of  atmos-
pheric concentration of  gases and particles. The 
activity rate is mostly based on data from gov-
ernment agencies, e.g. number of  power plants, 
cement factories, vehicles operating in a given 
region and their produce/usage. The ground 
measurements are also supplemented by remote 
sensing measurements, e.g. from satellites. Sev-
eral global, regional and local emission inventor-
ies have been developed (Granier et al., 2011; 
ECCAD, n.d.). These inventories form the basis of  
several atmospheric chemistry and climate 
models to study the interrelationships of  an-
thropogenic emissions with the past, present and 
future of  the Earth’s atmospheric composition. 
Further, there exist assimilation models like 
MACC (Monitoring Atmospheric Composition 
and Climate) that assimilate data from various 
sources (in situ, satellite) and provide gridded 
datasets for various atmospheric constituents 
(ECMWF, n.d.). There are also inter-community 
initiatives, such as Global Emissions InitiAtive 
(GEIA), that aim to be a key forum for emissions 
knowledge (GEIA, n.d.). Information regarding a 
few emission inventories are given in Table 1.3.

1.5 Concluding Remarks

As the influence of  humans has now reached every 
nook and cranny of  planet Earth, anthropogenic 
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Table 1.3. Summary of common emission inventories. (Adapted from ECCAD, n.d.)

Inventory Region Grid size
Temporal 
coverage Gas Reference

EMEP: Co-operative 
programme for  
monitoring and 
evaluation of 
long-range  
transmission of air 
pollutants in Europe

Europe 0.5° × 0.5° 1980–2020 CO, NOx, NMVOCs
SO2, NH3,
PM2.5, PM10,
heavy metals, 

persistent  
organic  
pollutants

EEA, 2009;
Muntean  

et al., 2014

REAS (Regional 
Emission inventory 
in Asia)

Asia 0.25° × 0.25° 2000–2008 SO2, NOx, CO, 
NMVOC, PM10, 
PM2.5, BC, OC, 
NH3, CH4, N2O, 
CO2

Kurokawa  
et al., 2013

MACC City (Monitoring 
Atmospheric 
Composition and 
Climate)

Global 0.5° × 0.5° 1960–present CO, NOx, SO2,
BC, OC, NH3,
C2H6, C3H8, C4H10 

and higher 
alkanes,

C2H4, C3H6, C4H8 
and higher 
alkenes, CH3OH 
and other 
alcohols

HCHO and other 
aldehydes, 
acetone and 
other ketones, 
aromatics

Granier  
et al., 2011

HYDE (Hundred  
Year Database for 
Integrated  
Environmental 
Assessment)

Global 1° × 1° 1890–1990 CO2, CO, CH4, 
NMVOC, SO2, 
NOx, N2O, NH3

van Aardenne 
et al., 2001

EDGAR (Emissions 
Database for Global 
Atmospheric 
Research)

Global 0.1° × 0.1° 1970–2012 Greenhouse gases: 
CH4, CO2, N2O, 
PFCs, HFCs, 
CF6, SF6, NF3

air pollutants: CO, 
NOx, NMVOC, 
NH3 and SO2

Aerosol:PM10

EC-JRC/PBL, 
2011

HTAP (Hemispheric 
Transport of Air 
Pollution)

Global 0.1° × 0.1° 2008–2010 CO, CH4, NMVOC, 
NOx, SO2, NH3, 
PM10, PM2.5, OC 
and BC

Maenhout  
et al., 2015

air pollution has become ubiquitous. While 187 
atmospheric compounds are now identified as 
toxic, leading to health hazards such as cancer 
and birth defects, six ubiquitous air contamin-
ants have been declared as criteria pollutants. 

The criteria pollutants: O3, CO, NOx, Pb, PM and 
SO2 have air quality standards associated with 
them to enable their monitoring and regulation. 
O3 and PM pollution have been shown to ac-
count for 2–4 million deaths globally every year 
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(Silva et al., 2013; Lelieveld et al., 2015). Fossil 
fuel combustion is a major anthropogenic source 
of  NOx and over 60% of  the global energy de-
mand is met by coal and oil, followed by natural 
gas, renewables and nuclear energy. The con-
centration of  O3, CO, NOx and hydrocarbons 
greatly influences the radical balance and the 
self-cleaning capacity of  our atmosphere. While 
there are hundreds of  air pollutants in our at-
mosphere, their anthropogenic sources can be 
conveniently grouped into four primary sectors 
related to energy, industrial processing, agricul-
ture and waste. The geographical distribution of  
these source sectors largely determines the con-
centration and trends of  primary pollutants, 
such as CO, SO

2 and NOx. While over 70% of  the 
global energy consumption is shared by China 
(23.5%), USA (16.7%), Europe (OECD countries 
only, 13.9%), Middle-East Asia (5.8%), India 
(5.1%) and Russia (5.1%), the type of  emissions 
vary for different regions, e.g. unlike Europe, 
China depends more heavily on coal compared 
to renewables. Further, studies show that India 
is overtaking China in terms of  anthropogenic 

SO
2 emissions, showing the importance of  

implementation of  regulations in curbing air 
pollution (Li et al., 2017). A prerequisite for im-
plementing regulations is proper knowledge of  
the scale of  the problem, which requires reliable 
estimation of  concentrations and emissions based 
on measurements and emission inventories.

The well-established link between human 
emissions/activity and climate and its repercus-
sions is a matter of  serious concern (IPCC, 
2013). The impact of  human activities on the 
Earth’s ecosystem has been so profound that sci-
entists are pressing for declaration of  ‘Anthropo-
cene’ as an epoch (Crutzen, 2002). While the 
damage done cannot be completely undone, 
people, societies and governments must ser-
iously start making concerted efforts to limit and 
abate polluting the atmosphere, as each of  us is 
a stakeholder in the present and future of  the 
Earth’s atmosphere and climate.

Ours is a generation that has produced and 
caused air pollution to evolve to dangerous 
levels. Will our legacy be a polluted Earth for our 
children to suffer and suffocate?

Note

1 1 PgC is equivalent to 3.667 Gigatonne CO2. A Btu represents the amount of heat that is needed to raise 
the temperature of one pound of water by one degree Fahrenheit.
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