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Introduction 

 
 

Pure air is a mixture of various gases such as nitrogen, oxygen, argon, carbon dioxide, and small 

amounts of other gases in a fixed proportion. If the composition of air alters by any means; it is 

known as air pollution which can lead to effect on human health, environment, and other living 

creatures. According to The Air (Prevention and Control of Pollution) Act, 1981, “air pollution is 

the presence of any solid, liquid, or gaseous substance in the atmosphere in such concentration as 

may be or tend to be injurious to human beings or other living creatures or plants or property or 

environment”. 

 

There are a number of factors responsible for the altered composition of the ambient air which 

can be mainly categorised as natural causes and anthropogenic (man-made) causes. 

 

Sources of Air Pollution 

 
 

Natural sources: Natural sources of air pollution include volcanic activity, dust, sea-salt, forest 

fires, lightening, soil outgassing etc. 

 

Anthropogenic sources: These sources include stationary point sources (e.g. emission from 

industries), mobile sources (e.g. vehicular emission, marine vessels, airplanes etc.), waste 

disposal landfills, open burning etc. 

 

Air Pollutants 

 
 

The substances which are responsible for causing air pollution are called as air pollutants.  

 

2.1 Classification of air pollutants 

 

Air pollutants can be categorized by various means: 

 

2.1.1 On the basis of source of origin 
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1. Natural air pollutants: Natural air pollutants are emitted from natural sources such as 

volcanic activity, dust, sea-salt, forest fires, lightening, soil outgassing etc. 

 

2. Anthropogenic air pollutants: These pollutants include the emissions from stationary 

point sources (e.g. emission from industries), mobile sources (e.g. vehicular emission, 

marine vessels, airplanes etc.), waste disposal landfills, controlled burning etc. 

 

2.1.2 On the basis of method of origin 

 

1. Primary air pollutants: Those pollutants which are emitted directly from any emission 

source in the atmosphere are termed as Primary air pollutants. E.g. Sulphur dioxide 

(SO2), Carbon monoxide (CO), Lead (Pb), Ammonia (NH3) etc. 

 

2. Secondary air pollutants: Secondary pollutants are formed by the reactions between 

primary air pollutants and normal atmospheric constituents. In some of the cases, 

these pollutants are formed by utilizing the solar energy. E.g. Ozone, 

Peroxyacetylnitrate (PAN), Smog etc. 

 

1.1.3 On the basis of chemical composition 

 

1. Organic air pollutants: Examples are hydrocarbons, aldehydes, ketones, amines, and 

alcohols etc. 

 

2. Inorganic air pollutants: Examples are carbon compounds (CO and carbonates), nitrogen 

compounds (NOX and NH3), sulphur compounds (H2S, SO2, SO3, H2SO4), halogen 

compounds (HF, HCl etc.), flyash, silica etc. 

 

2.1.4 On the basis of state of matter 

 

1. Gaseous air pollutants: Pollutants which are in the form of gas are termed as gaseous air 

pollutants. E.g. SO2, NOX, O3, CO etc. 
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2. Particulate air pollutants: Particulate air pollutants or particulate matter (PM) can be 

defined as the microscopic solid or liquid matter suspended in the earth’s atmosphere. 

There are various subtypes of particulate matter: 

 

a. Total suspended particulate matter (TSPM): The concentration of particulate matter 

which is obtained when a high volume bulk sampling is done on a filter substrate. It 

includes particles of all sizes. 

b. PM10: These are the particles less than 10 µm in diameter 

c. PM2.5: These are the particles less than 2.5 µm in diameter 

d. PM1.0: These are the particles less than 1 µm in diameter 

 

Particles which lie between 10µm to 2.5µm are termed as Coarse particles whereas particles with 

diameter less than 2.5µm are called as Fine particles. Fine particles also include ultra-fine 

particles of size less than 0.1 µm (PM0.1).  

 

National Air Quality Monitoring Programme (NAMP) 

 
 

To monitor and control of various air pollutants, Central Pollution Control Board (CPCB) has 

been provided with various powers and functions under the Air (Prevention and Control of 

Pollution) Act, 1981. Subsequent to this, CPCB had launched a nationwide program viz. National 

Ambient Air Quality Monitoring Programme (NAAQM) in 1984, which has been renamed as 

National Air Quality Monitoring Programme (NAMP). The number of operating monitoring 

stations under NAMP has increased steadily to 612 by 2015 covering 254 cities across the nation 

(29 states and 5 UTs). Under this programme, there are 11 monitoring stations functioning in 

Delhi. 

 

Source Apportionment Study 

 
 

To improve the air quality management system, there is also the need of knowing the particular 

source of pollution and its quantitative contribution to the ambient air quality. This can be done 

through the source apportionment study. There may be two ways for apportioning pollution, (i) 
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A top-down approach starting with monitoring of pollution, and (ii) A bottom-up approach 

starting with the activity data (like fuel consumption). Source apportionment study is based on 

tracking down the sources through receptor modeling and it helps in identifying the sources and 

extent of their contribution. CPCB has initiated the source apportionment studies in six major 

cities viz. (i) Delhi, (ii) Mumbai, (iii) Chennai, (iv) Bangalore, (v) Pune, and (vi) Kanpur [1]. 

 

National Ambient Air Quality Standards (NAAQS) 

 
 
For developing a programme for the effective management of ambient air quality and to reduce 

the damaging effects of air pollution, development of national ambient air quality standards 

(NAAQS) is a pre-requisite. Central Pollution Control Board had adopted first ambient air 

quality standards on November 11, 1982 as per the Section 16(2) of the Air (Prevention and 

Control of Pollution) Act, 1981. These standards have been revised by CPCB in 1994, and later 

in 2009. Table 1 and 2 show the NAAQS as adopted by CPCB. 

 

Table 1: National Ambient Air Quality Standards (NAAQS) – 1994 [2] 

 

Pollutant 
Time Weighted 

Average 

Concentration in Ambient Air 

Industrial 

Area 

Residential, Rural, 

and Other Areas 

Sensitive 

Area 

Sulphur dioxide 

(SO2) 

Annual average 80 µg/m3 60 µg/m3 15 µg/m3 

24 hours average 120 µg/m3 80 µg/m3 30 µg/m3 

Oxides of Nitrogen 

as NO2 

Annual average 80 µg/m3 60 µg/m3 15 µg/m3 

24 hours average 120 µg/m3 80 µg/m3 30 µg/m3 

Suspended 

particulate matter 

(SPM) 

Annual average 360 µg/m3 140 µg/m3 70 µg/m3 

24 hours average 500 µg/m3 200 µg/m3 100 µg/m3 

Respirable 

particulate matter 

(≤ 10 µm) 

Annual average 120 µg/m3 60 µg/m3 50 µg/m3 

24 hours average 150 µg/m3 100 µg/m3 75 µg/m3 

Lead 
Annual average 1 µg/m3 0.75 µg/m3 0.50 µg/m3 

24 hours average 1.5 µg/m3 1 µg/m3 0.75 µg/m3 

Carbon monoxide 

(CO) 

8 hours average 5 mg/m3 2 mg/m3 1 mg/m3 

1 hours average 10 mg/m3 4 mg/m3 2 mg/m3 

Ammonia (NH3) 
Annual average 0.1 mg/m3 

24 hours average 0.4 mg/m3 
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Table 2: National Ambient Air Quality Standards (NAAQS) – 2009 [3] 

 

Pollutant 
Time Weighted 

Average 

Concentration in Ambient Air 

Industrial, 

Residential, Rural, 

and Other Areas 

Ecologically Sensitive 

Area (notified by 

Central Government) 

Sulphur dioxide (SO2), 

µg/m3 
Annual 24 hours 

50 

80 

20 

80 

Nitrogen dioxide 

(NO2), µg/m3 
Annual 24 hours 

40 

80 

30 

80 

Particulate matter (< 10 

µm) or PM10, µg/m3 
Annual 24 hours 

60 

100 

60 

100 

Particulate matter (< 2.5 

µm) or PM2.5, µg/m3 
Annual 24 hours 

40 

60 

40 

60 

Ozone (O3), µg/m3 8 hours 1 hour 
100 

180 

100 

180 

Lead (Pb), µg/m3 Annual 24 hours 
0.50 

1.0 

0.50 

1.0 

Carbon monoxide (CO), 

mg/m3 
8 hours 1 hour 

02 

04 

02 

04 

Ammonia (NH3), µg/m3 Annual 24 hours 
100 

400 

100 

400 

Benzene (C6H6), µg/m3 Annual 05 05 

Benzo(α)Pyrene (BaP) – 

particulate phase only, 

ng/m3 

Annual 01 01 

Arsenic (As), ng/m3 Annual 06 06 

Nickel (Ni), ng/m3 Annual 20 20 

 

Criteria Pollutants 

 
 

Criteria pollutants are a group of air pollutants which are responsible for causing smog, acid rain, 

and other serious health hazards. These pollutants are usually of anthropogenic origin, especially 

industrial emissions, mining, transportation, electricity generation etc. In majority of the cases, 

these pollutants originate as a result of the combustion from fossil fuels and industrial processes. 

The health effects of various criteria pollutants are shown in the Table 3. 
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Table 3: Criteria air pollutants – emission sources and major effects 

 

Criteria 

pollutants 

Emission sources Major effects 

Natural 

sources 

Anthropogenic 

sources 
Health effects 

Environmental 

effects 

Sulfur 

oxides 

(SOX) 

Volcanic 

emissions 

Burning of fossil fuels, 

Metal smelting, 

Petroleum refining etc. 

Respiratory problems, 

Heart and lung 

disorders, Visual 

impairment 

Acid rain  

Nitrogen 

oxides 

(NOX) 

Lightning, forest 

fires etc. 

Burning of fossil fuels, 

biomass and high 

temperature 

combustion processes  

Pulmonary disorders, 

increased 

susceptibility to 

respiratory infections 

Precursor of ozone 

formation in 

troposphere, 

Aerosol formation 

Particulate 

matter 

(PM) 

Windblown 

dust, pollen 

spores, 

photochemically 

produced 

particles 

Vehicular emissions, 

Industrial combustion 

processes, Commercial 

and residential 

combustion, 

Construction industries 

Respiratory problems, 

liver fibrosis, 

lung/liver cancer, 

Heart stroke, Bone 

problems 

Visibility reduction 

Carbon 

monoxide 

(CO) 

Animal 

metabolism, 

forest fires, 

volcanic activity  

Burning of carbonaceus 

fuels, emission from IC 

engines 

Anoxemia leading to 

various cardiovascular 

problems. Infants, 

pregnant women, and 

elderly people are at 

higher risk 

- 

Ozone (O3) 

Present in 

stratosphere at 

10-50 km height 

Hydrocarbons and NOX 

upon reacting with 

sunlight results in O3 

formation 

Respiratory problems, 

Asthma, bronchitis 

etc. 

O3 in upper 

troposphere causes 

greenhouse effects, 

Harmful effects on 

plants as it 

interferes in 

photosynthesis and 

results in death of 

plant tissues since it 

assists in the 

formation of 

Peroxyacetylnitate 

(PAN) 

Lead (Pb) - 

Metal processing 

plants, waste 

incineration, 

automobile exhausts, 

lead-acid batteries, 

industrial effluents etc. 

Serious effects on 

central nervous system 

since it is absorbed 

rapidly in blood stream, 

Anemia, toxic for soft 

tissues and bones 

- 
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Analytical Study on Air 

Pollution in Delhi  

 

 

 

 

 

 

 

 

 

 

 

 
 

Delhi is geographically located in North India within the latitude 28°24’17” and 28°53’00’’N, 

and longitude 77°45’30’’ and 77°21’30’’E [4]. It is located in the subtropical belt. Delhi is 

jointly administered by the Central and State Government. As of 2011, Delhi inhabitates 

approximately 16.3 million people; thus becoming the second most populous city and second 

most populous urban agglomeration in India. Delhi is also the third largest urban area in the 

world. However, being very developed Delhi is also facing serious challenges in terms of air 

pollution. According to World Health Organization report 2014, Delhi is the most polluted city 

of the world [5]. To tackle the situation, Delhi has taken several steps to reduce the air pollution 

level during the last 10 years. However, more concerted efforts are still required to reduce the 

pollution level. 

 

Air Quality Monitoring in Delhi 

 
 

Air pollution monitoring in Delhi is carried out through manual and continuous ambient air 

quality monitoring (CAAQM) stations. As per the NAMP of CPCB, manual air pollution 

monitoring is carried out at Sarojini Nagar, Chandni Chowk, Mayapuri Industrial Area, 

Pritampura, Shahadra, Shahzada Bagh, Nizamuddin, Janakpuri, Siri Fort, and ITO across the 

Delhi. Apart from the manual air monitoring stations, continuous air quality monitoring is also 

been carried out at 11 locations viz. Anand Vihar, Civil Lines, DCE, Dilshad Garden, Dwarka, 

IGI Airport, ITO, Mandir Marg, Punjabi Bagh, R.K. Puram, & Shadipur across the city. 
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Figure 1. Air quality monitoring stations in Delhi 

 

Air Quality Trends in Delhi 

 
 

Air quality for the three major criteria pollutants (SO2, NO2, and PM) is determined to 

understand the trend of pollution in Delhi during recent years. On the basis of annual average 

concentration of pollutants, air quality trend has been seen for the years 2007 – 2014 along with 

the comparison with existing national ambient air quality standards (NAAQS). Since, the 

NAAQS have been revised in 2009; the data for 2007 – 2008 is compared with NAAQS – 1994, 

while the data of 2009 – 2014 is compared with the NAAQS – 2009. It can be seen in figure 2 

that among the three pollutants viz. SO2, NO2, and PM10, the concentration of NO2 and PM10 are 

far exceeding the prescribed standard limits. The concentration of SO2 is within the standard 

limits. However, as far as NO2 is concerned, continuous rise in concentration was observed in 

past 6 years. Moreover, the problem of particulate matter (PM10) is more critical. Since 2009, 

approximately 258 – 335% rise has been observed in PM10 concentration compared to the 
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standards. Although the concentration has been slightly lowered down since 2011, but it is still 

far above the safe limits. 

 

 
 

Figure 2. Air quality trends in Delhi (2007 – 2014) based on Manual air quality monitoring 

stations (Source:CPCB) 

 

Apart from the annual average data, continuous air monitoring data of Delhi is also recorded at 

11 locations, as stated above. Out of 11, latest data of 8 monitoring stations is shown in figure 3. 

It is evident from the graph that concentration of NO2 and PM2.5 is far exceeding the prescribed 

standards (NAAQS 2009). The only location, Dwarka, shows the NO2 concentration within the 

limits. The concentration of particulate matter (PM2.5) needs to be curbed down urgently as all 

the locations across Delhi show a tremendous violation of the limits. 
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Figure 3. Air quality trends in Delhi (Dec. 1 – 10, 2015) based on Continuous air quality 

monitoring stations (Source : CPCB) 

 

Source Apportionment Study in Delhi 

 
 

The above studies show that the concentration of pollutants is continuously on the rise, 

especially in the case of particulate matter. Therefore, source apportionment study for the 

particulate matter has been carried out. In case of Delhi, the survey has been conducted at three 

characteristic locations – Residential, Kerbside, and Industrial, for assessing the contribution of 

various pollution sources for the PM10 and PM2.5 [1]. Based on the study, following information 

can be obtained: 

 

PM10: On the basis of the study conducted at three locations (residential, kerbside, industrial) 

across the Delhi, various sources of PM10 can be apportioned. It can be seen in figure 4 that 
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construction activities and transportation are the two major sources of PM10 in residential 

locations. In kerbside locations, road side dust and construction activities are the major sources. 

Moreover, at industrial locations, road dust, garbage burning, and construction activities are the 

three major contributors of PM10. To control the PM10, the emission from these pollution sources 

needs to be minimized. 

 

  
 

Residential location 

 

Kerbside location 

 

 

 
 

Industrial location 
 

Figure 4. Source apportionment study for PM10 in Residential, Kerbside, and Industrial 

locations across the Delhi (Source:CPCB) 

 

PM2.5: Similar to PM10, the study for the source apportionment of PM2.5 has also been conducted. 

Figure 5 shows the sources responsible for the generation of PM2.5. In the case of PM2.5, LPG 

combustion is responsible for approximately 50% of the emission source in residential locations. 

In Kerbside and industrial locations too, LPG combustion is the major factor for PM2.5, followed 

by kerosene combustion. PM2.5 emission from LPG combustion results from soot and aerosols 

formed by condensable emitted species.  
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Residential location Kerbside location 

 
Industrial location 

Figure 5. Source apportionment study for PM2.5 in Residential, Kerbside, and Industrial 

locations across the Delhi (Source:CPCB) 

Conclusion 

 

Based on the above observations, it can be said that the air of Delhi is severely polluted. 

According to a study, vehicular pollution alone contributes about 72% of the total air pollution 

load in Delhi [6]. Furthermore, construction of infrastructure including large residential 

complexes potentially contributes to the Delhi’s air pollution load. The major cause of rising 

NO2 concentration in Delhi is increased traffic load. In atmosphere, the combination of nitric 

oxide (NO), ozone (O3), and hydrocarbons leads to the formation of NO2. Therefore to minimize 

the NO2 pollution, all the three components involved in its formation needs to be targeted. 

Particulate matter (PM10 and PM2.5) emanates especially from the vehicular exhausts; 

particularly diesel vehicles, road dust and industrial activities such as combustion processes, 

construction activities etc. To substantiate the above findings, trend of increasing vehicular usage 

is shown in figure 6. Since 2005-06 to 2014-15, 82.75% increase can be noted in the number of 

registered vehicles in Delhi. Moreover, the excessive usage of cars and motor cycles are the 

pertinent causes for rising vehicular pollution load. This corroborates the cause of increasing 

NO2 and particulate matter concentration.  
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Figure 6. Traffic load in Delhi 

(Source:Economic survey of Delhi 2014 – 15)   

 

Tremendous growth of industrial sector is also responsible for pollution. As per the report of 

Economic Survey of Delhi 2014-15 [7], there are 8.93 lakhs total industrial establishments 

operating in Delhi according to 6th Economic Census 2013, which is 18.35% more than the 

number of establishments of 5th Economic Census 2005. Many of the industries do not have 

efficient air pollution control devices especially in the unorganised sector. This leads to direct 

emission of pollutant gases in the atmosphere. Further, construction of short chimneys also 

restricts the polluting gases to escape into the upper layers of the atmosphere. 

 

Measures taken to improve the air quality of Delhi 

 
 

1. Catalytic converter in passenger cars introduced in April 1995. 

2. Unleaded petrol introduced in NCR in September 1998. 

3. Restrictions imposed in operation of goods vehicles during day time from August 1999. 

4. Sulphur content in diesel reduced from 0.5% (April 1996) to 0.05% in April 2000. 

5. Benzene (a carcinogen) in gasoline reduced from 5% (April 1996) to 1% (November 

2000). 

6. Route diversion of inter-state buses. 

7. Time clocks installed at red lights. 

8. Construction of fly-over and sub-ways for smooth flow of traffic. 
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9. Metro rail transit system for rapid mass transport introduced. 

10. Introduction of compressed natural gas (CNG) for commercial vehicles phased out from 

1998. 

11. Pollution under control (PUC) certificate with three month validity introduced. 

12. Fuel quality standards (Bharat Stage – I, II, III, and IV) introduced. 

13. National Air Quality Index launched by Hon’ble Prime Minister in April 2015 starting 

with 14 cities. 

14. Banning of burning of leaves/ biomass in Delhi. 

15. Revision of rules pertaining to construction and demolition waste. 

16. Revision of rules for handling and management of municipal waste. 

17. Regular co-ordination meetings to discuss air pollution control in NCR adopting air-shed 

approach. 

18. Construction of Eastern and Western Expressways for by-passing non-destined traffic to 

Delhi has been given high priority for completion. 

19. Stringent industrial emission standards formulated and notified for public / stakeholders’ 

comments. 

20. Stringent provision for ash content in coal for thermal power plants. 

21. Out of 2800 major industries, 920 industries have installed on-line continuous (24x7) air 

pollution monitoring devices; others are in process of installation. 

22. Prohibition on entry of overloaded and non-destined trucks in Delhi and imposition of 

‘Green Tax’. 

23. The Delhi Government has launched car-free day campaign ‘Ab Bus Karein’ since 22nd 

October 2015 to be observed on 22nd day of every month. 

24. A control room has been set up in CPCB to facilitate review of levels of air pollution and 

monitoring ambient air quality in Delhi and National Capital Region (NCR). 

 

Meteorological Issues  

 
 

Even after taking a number of initiatives, the pollution in Delhi is rising to a great extent. There 

can be several reasons for this. Apart from the vehicular and industrial emissions, local and 

seasonal factors also affect the air quality of Delhi. Delhi, being a land-locked territory, is unable 



Air Pollution in Delhi - An analytical study 

 
15 

to dilute its emission using the moderating effects of sea; the opportunity availed by other 

metropolitan cities, such as Mumbai, Kolkata, and Chennai. Moreover, dense smog formation 

during winter months has also been witnessed in Delhi, the reason of which is vehicular pollution 

as well as the prevailing meteorological conditions in the months of December and January. 

Similarly, wind pattern also affects the weather conditions. According to a study, during the 

autumn and winter months, approximately 500 million tons of crop residues are burnt in Indo-

Gangetic plains [8]. The image in figure 7 (a) shows the biomass burning in the state of Punjab. 

The wind blows from India’s north and north-west to the east direction during winters as 

depicted from the wind-rose diagram of Delhi (Figure 7 b). This ultimately results in 

combination of pollution and fog, leading to heavy smog formation in Delhi esp. during winters. 

Thus, air pollution in Delhi is a trans-boundary phenomenon affected by pollution from 

neighboring areas too. 

 

(a) Image showing the biomass burning in Punjab (red dots show the fires and plume) 
Source: NASA 
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(b) Wind-rose diagram of Delhi 

Source: Indian Meterological Department, Ministry of Earth Sciences 

Figure 7. Effect of meteorological conditions on the air quality of Delhi 

 

To tackle the problems and to reduce health risks generated due to air pollution, immediate steps 

need to be taken. Therefore, following issues need to be judiciously addressed at the earliest.  

 

Further recommendations/suggestions to improve the air quality of Delhi 

 
 

1. For the development of the country, establishment of new industrial units can not be 

downgraded; however, effective control measures of pollution, and proper installation of 
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air pollution control devices and their smooth functioning must be ensured before the 

establishment of any industry. After the establishment of industry, proper functioning of 

the installed controlling units must also be ensured. 

2. Emission from construction industries / activities can be minimized by adopting best 

practices such as; use of water sprays for dust suppression, creating ridges to prevent 

dust, compaction of disturbed soil, prevention of dumping of earth materials along road 

side etc. 

3. Restrictions may be imposed over the number of vehicles owned by an/a 

individual/family. 

4. Fines should be imposed for the parking of vehicles on the roads. 

5. Provision of parking space in any commercial establishment/shopping 

mall/parks/residential apartments should be mandatory. 

6. There should be strict restrictions on old polluting vehicles and subsidies can be given on 

the vehicles running on cleaner fuels. 

7. There should be strict checking of PUC certificates. 

8. There should be more space for pedestrians and two wheeler vehicles on the roads. 

9. Up-gradation of public transport is necessary by improving service quality, enhancing the 

number of buses, and better road management. 

10. Improvement in traffic signal co-ordination for continuous traffic flow to reduce traffic 

jam and idling time can also help to minimize pollution. 

11. Corporate firms/ government offices may draw up an action plan to have bus/cab service 

for their employees with reasonable rates. 

12. Idea of working in different shifts for corporate firms / government offices to minimize 

traffic at peak hours can be introduced.  

13. Strict rules should be imposed for proper dumping and disposal of solid waste, since 

unregulated burning results in pile-up of smoke and particulate matter in concentrated 

form at one place. Regular functioning of all the installed solid waste treatment facilities 

must also be ensured.  

14. Vegetation cover should be increased along the highways, road dividers, and busy traffic 

intersection points.  
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15. Mass awareness should be increased through electronic and print media for all age groups 

towards sustaining the environment and to reduce pollution. Public should also be 

motivated for the use of public transport. 

16. Research and development for the battery-run buses/cars etc. needs to be promoted. 
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