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Air pollution has become an innate feature of our everyday mundane life. Delhi, a megacity of 

South Asia, that is also the capital of India, is one of the worst air pollution affected places in the world. 

Delhi has also been ranked as one of the most consistently polluted mega cities in the globe during last 

several years (WHO, 2016). Delhi shares a location of 28.50 °N latitudinal extent and 770° E longitudinal 

extent, and 216 m above sea level.  The city is located in a semi-arid climate zone that undergoes long 

summers and extremely cold winter accompanied by heavy fog. There is an interesting feature that the 

city inhibits i.e. the pollution level in winters is two to three-fold more than that in summers  (Guttikunda 

and Gurjar, 2012). This has a profound impact on various areas of life, the worst affected being the health. 

The rapid expansion of the city has also led to the growth of pollution levels (except SO2) which has 

resulted in 30% of Delhi’s population to suffer from various respiratory diseases (Kandlikar and 

Ramachandran., 2000). It is also known as the “asthma capital” of India (Dubey, 2009). 

This article tends to narrate that there is not one factor responsible for pollution in Delhi but the 

amalgamation of various determinants. This article also provides an investigation of the prevalent status 

of air pollution using secondary data from various studies done over Delhi. 

Rapid urbanization in Delhi has led to growth in population which has, in turn, resulted in greater 

demand and use of motor vehicles. One of the major sources of air pollution in Delhi is vehicular 

emissions which impact air quality to a great extent. Goyal et al. (2013) had estimated about 15 tons per 

day emission of particulate matter (PM) from various automobiles during 2008-09. The vehicular 

emission of carbon monoxide (CO) and oxides of nitrogen (NOx) were also significantly high.  The major 
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source of PM and CO is being those vehicles which run on petrol and diesel fuels, whereas compressed 

natural gas (CNG) driven vehicles are one of the major contributors for NOx pollution (Goyal et al., 

2013). 

The rapid expansion of the city led to growth in the level of pollutant emissions. The major 

sources of pollution with respect to measured particulate matter having aerodynamic diameter less than 

2.5 µm (PM2.5) in different locations of Delhi has been summarized by Sharma and Dixit, (2016) and 

Choudhary et. al (2017). Figure 1 shows seasonal variation of different sources contributed to PM2.5 in 

Delhi. 

 

Figure 1: Contribution from different sources to PM2.5 in Delhi. Major contributors are biomass burning, road dust 

and secondary nitrates. Sources: Chowdhury et al. (2017); Sharma and Dixit, (2016); Guttikunda and Gurjar (2012). 

As per study done by Guttikunda and Gurjar (2012), the average level of PM2.5 is measured to be 

~90 μg/m
3
 in the summer season with maximum contribution from soil dust, inclusive of road and desert 

sources. The average PM2.5 in winter months is ~200 μg/m
3
 with major sources being biomass burning 

which contributes up to ~30%. In summer, biomass burning is only responsible for ~9% of total PM2.5 

(Guttikunda and Gurjar, 2012). In 2008, the ammonia concentration in winter months hovered around 
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more than 40.0 ppb with a mean of 20 ± 9 ppb, whereas the concentration during the summer was found 

to be three fold less than that of winter (Sharma et al., 2010). The common practice of clearing 

agricultural land after harvest is prevalent in many nearby agricultural states of Delhi, which contributes 

to a large amount of pollution (Mishra and Shibata, 2012; NASA, 2008). Delhi Pollution Control 

Committee has reported six times higher daily mean concentration of PM2.5 (~370 μg/m3) than the 

permissible limit during winter season in Delhi (Sharma and Dixit, 2016). As per this report, the main 

contributors to increased PM2.5 in winter are biomass and solid waste burning aerosols (31%), secondary 

aerosols (27%), vehicular pollution (26%) and suspended soil and road dust (Choudhary et al., 2017).  

Guttikunda and Gurjar (2012) provided a summary of air pollutant concentrations (comprising of 

both particulate and gaseous pollutants) that were measured on a daily basis average by months from 

2006 to 2010. The concentrations of different air pollutants such as PM, Ozone, SOx, NOx, CO etc., 

monitored at six different stations in Delhi were found to be less than that measured at traffic junctions. 

The analyses of meteorological parameters are very important for a comprehensive and better 

understanding of the seasonality of air pollution in Delhi. Guttikunda and Gurjar (2012) evaluated the 

effect of meteorology on primary air pollutants that have been input as tracer in a Lagrangian based 

dispersion model. There has been a diagnosis of the tracer movement while calculating the monthly 

averages along the synopsis of local meteorological scenarios. The results suggest 40 - 80% higher 

concentration in the winter (November, December and January) and 10 - 60% lower concentration in 

summer (May, June, July) associated with different atmospheric ventilation scenarios during these two 

seasons (Guttikunda and Gurjar, 2012) i.e., winter meteorological conditions are conducive for air 

pollution accumulation whereas, summer conditions suit dilution of pollutants in air over Delhi. It is also 

seen that Delhi witnesses’ heavy fog/smog conditions from November to February caused reduced 

visibility and vehement road accidents (Ali et al., 2009). 
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Mohan and Payra (2009) conducted a study in Delhi to find the impact of the particulate and 

gaseous air pollutants on fog formation mechanism using monitored data of air pollutants concentration 

and meteorological scenario during winter seasons. Delhi observes the heightened frequency of fog in the 

winter season in last two decades. Figure 2a shows number of observed foggy days in each month during 

winter season for1996-2001, reveling an average 50% fog occurrence during this period in Delhi.     

Figure 2b shows the prevalence of fog as 6.4% during 1951-1955 (Neuberger and Gutnick, 1950) about 

more than a half-century earlier which depicts the pre-industrial era of the city. This analysis shows that 

the occurrence of fog has increased with the advancement of moderation and development activities in 

Delhi (Mohan and Payra, 2009).  

 

Figure 2: Comparison of the occurrence of foggy days in winters from years (a) 1966-2001 and (b) 1951-1955. 

Percentage of foggy days from the year 1951-1955 was 6.4% (Neuberger and Gutnick, 1950) which rose to 58% 

from the year 1996-2001 (Mohan and Payra, 2009). 
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Respirable particulate matters contaminated with heavy metals can be injurious to human health. 

Sediments and dust transported in urban areas can provide heavy metal loadings to water bodies as well 

(Morrison et al., 1990). Surficial deposits of dust can also lead to the contamination of vegetables and 

fruits. Banerjee (2002) has conducted a study to measure various heavy metals [cadmium (Cd), zinc (Zn), 

lead (Pb), nickel (Ni), copper (Cu), and chromium (Cr)] concentrations in the street dust tested from three 

localities in Delhi. Banerjee (2002) used a multivariate statistical approach to analyze the source of heavy 

metals in dust saples. The samples of street dust collected from Wazirpur Industrial area displayed a 

greater concentration of heavy metals that included Cr, Cu and Ni, which has the ability to cause severe 

environmental hazards. The results showed industrial activities as a common source for these three metals 

in street dust (Banerjee., 2002). Cd was the only metal found in huge exchangeable amount and Cu was 

the only metal with huge associations to organic fractions, whereas Zn and Pb were mainly found in Fe-

Mn oxides. The observed mobility and bioavailability of these contaminated street dust samples was 

Cd>Zn=Pb>Ni>Cu>Cr. Another study conducted by Khanna et al. (2015) analyses 25 heavy metals in 

ambient air at a sampling site in Kerbside besides a national highway in Delhi during 2012. The order of 

metal concentrations was found to be Si>K>S>Ca=Fe>Zn=Pb>Br. Si had a significantly high correlation 

with Ca, Fe (soil dust source) and K whereas, Br, S, and Pb were an outcome of vehicular emissions 

(Khanna et al., 2015). A comparison of Khanna et al. (2015) and Banerjee (2002) shows significant 

reduction of Cd, Ni, Cu and Cr concentrations in ambient air in year 2012 as compared to 1999. Although 

the sampling sites in these two studies are different, the reduced concentration of above-mentioned heavy 

metals is manifestation of relocation of many industries outside of Delhi in last one decade.  

In 1998, the supreme court of India took various measures to curb air pollution in Delhi by 

bringing about necessary changes in the transport and industrial sectors. As a result, more than 10000 

public sector vehicles used compressed natural gas for 5 years (DTC 2010), which led to decrease in PM 
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pollution, 40% drop in the CO level ranging from 2500 to 3000 Mg/m
3
 in 2002, whereas there was an 

increase in the NOx concentrations from 63 to 95 Mg/m
3
 between 2001 to 2004 (Kandlikar, 2007). The 

reason behind the increase in NOx concentrations was likely due to the fast changes in vehicle fleet which 

rapidly negated the CNG conversion (Kandlikar, 2007). Also, a decline of ~33% was marked in the 

concentration of SO2 from 15 to 10 Mg/m
3
 due to the conversion of CNG and lessening of diesel fuels in 

2001- 2002 (Badami., 2005). 

The other suggestive measures taken were the enforcement of Euro II emission standards since 

2000 which was 5 years ahead of predicted schedule and Euro III in 2005 followed by Euro IV in April 

2010 (Guttikunda and Gurjar, 2012). The changes that took place in the industrial sectors saw the closing 

up and relocating of up to 500 heavy industries outside the city premises. The industries also took steps to 

upgrade their energy systems in order to improve energy efficiency and consumption levels. 

In January 2016, the Delhi administration initiated an emergency measure for 15 days known as 

‘odd-even traffic intervention’ mitigation effort that stated odd and even numbered private cars will 

function only on their respective odd and even days based on registration number of vehicles with an 

exception on Sundays (Choudhury et al., 2017). This scheme was imposed on four wheeler private 

vehicles only; the exception was given to women. Choudhury et al. (2017) suggests that result of this 

policy on the ambient PM2.5 was not so effective as thought. However, a reduction of PM2.5 by 4-6% 

and a maximum of up to 10% in three local hotspots in Delhi have noticed during this period. They 

concluded that this type of policy intervention cannot be considered as successful initiative, taking into 

consideration the emergency situation in which it had been implemented. Therefore, survival from long 

term health hazards cannot be expected from the short term traffic intervention policy. An inter-sectoral 

and inter-state cooperation needed to formulate a comprehensive air pollution mitigation policy for Delhi. 

Moreover, a long term plan based on above-stated strategies should be devised to handle the worrisome 

environmental pollution scenario of Delhi.  
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The air we breathe in has become a significant concern in both urban and rural areas owing to its 

catastrophic effect on human health and the climate. Air-borne particulate matter (PM) is considered as 

most critical among the other criteria pollutants (e.g. oxides of nitrogen, oxides of sulphur, surface ozone 

and lead). PM comprises a mixture of solid or liquid particles suspended in the atmosphere, varying from 

few nanometres to micrometres and originates from various sources with different physical and chemical 

properties (Seinfeld and Pandis, 2016). The impact on human health and climate depends on their 

residence time and capability to react with each other in the atmosphere. The capital of India, with a 

population of 22 million i.e. (1.6% of national total), is one amongst the world’s polluted cities and tops 

particularly in the list for particulate matter pollution (WHO, 2018). PM either originates from natural 

and/or anthropogenic sources. The commonly known natural sources includes windblown dust, sea salt 

spray, pollens and forest fires whereas the product of incomplete combustion, traffic exhausts and 

biomass burning, are the most common anthropogenic sources (Tiwari et al. 2009). It is noteworthy to 

consider that more than 50% of the literature published in India focused on air pollution in Delhi 

(Guttikunda et al., 2019).  

The rising awareness of particulate matter is largely associated with the size of the particles, 

classified into coarse (particulate matter having diameter less than 10 µm, i.e., PM10), fine and ultrafine 

particles (particulate matters having diameter less than 2.5 µm and 1.0 µm, i.e., PM2.5 and PM1, 

respectively). Inhalability of fine and ultrafine particles are usually high as compared to coarse particles 

due to its inability to take a sharp turn with the air streamlines while entering the nose or mouth and poses 

severe respiratory and cardiovascular disorders in humans (Pope and Dockery 2006). Recent studies 
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showed that prolonged exposure to PM2.5 is related to loss of average life expectancy of 6.4 years in the 

capital city of India (Ghude et al., 2016). PM pollution is an increasing risk to human health, especially in 

the densely populated region like Delhi. Table 1 shows the annual mean concentration of PM2.5 and 

PM10 over Delhi during 2003-2018 against the standard annual concentrations of national air quality 

regulations from the various agencies. The measured annual mean concentrations of particulate matters in 

Table 1 is sourced from various studies over Delhi (References are given at the end of the article). The 

annual average mass concentration of PM10 and PM2.5 in Delhi are much higher than the prescribed 

limits provided by World Health Organization (WHO), United States Environmental Protection Agency 

(USEPA) and National Ambient Air Quality Standards (NAAQS) regulations for air quality. The 

measured annual mean PM10 concentration in Delhi is thirteen times higher than WHO standards, five 

times higher than USEPA standards, and four times higher than NAAQS. Similarly, the measured annual 

mean PM2.5 concentration in Delhi is nine times higher than WHO standards, five times higher than 

USEPA standards, and three times higher than NAAQS prescribed limits. The monitored values are at an 

alarming level over the past several years that warrants more data and attention of the researchers over the 

capital city. 

Table 1 Annual mean concentration of PM2.5 and PM10 over Delhi during 2003-2018 against the standard annual 

concentrations from USEPA, WHO and NAAQS (CPCB). 

Pollutants Time 

weighted 

Average 

Standard Limit 

WHO 

(μg/m3) 

 

Standard Limit   USEPA 

(μg/m3) 

 

Standard Limit 

(NAAQS) 

CPCB 

(μg/m3) 

Measured 

Concentration over 

Delhi  

(μg/m3) 

PM10 Annual 20 50 60 263 

PM2.5 Annual 10 15 40 133 

 

There are various methods that are used for monitoring of particulate matter across the nation. 

Nevertheless, there exist numerous challenges related to measuring the concentration of particulate matter 

and its accuracy. There is a need to quantify the particulate matter to control their source of emission 
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despite these challenges. The well-known methods for obtaining PM concentration are optical 

measurements, gravimetric sampling methods etc. (Nussbaumer et al., 2008). In this article, the main 

focus is on the gravimetric method. 

In the gravimetric method, the concentration of the mass, number in addition to the surface area 

of PM can be measured. The instruments are designed on the basis of their principle for measuring PM. It 

is mainly based on the filter paper and multiple stage cascade impactors. The filter paper collects particle 

in all of its form including nucleation, accumulation, and fine to coarse mode. However, larger particles 

i.e. aerodynamic particles more than or equal to 10 microns are collected in the cyclone collector. The 

choice of filter paper plays an important role as the surfaces of filter paper (where particles gets 

deposited) are sensitive to environmental factors. The mass concentration of the PM is obtained by taking 

the difference of the prior and after weighed filter paper used for sampling. Among the gravimetric 

instruments, the most frequently used are Cascade Impactors that involve “Size Distribution Method” 

(Giechaskiel et al. 2014). 

According to Hinds (2012), the utmost used cascade impactors are based on the inertial 

classification of particles as shown in Figure 1 (a). In order to measure the distributed particle size in 

mass, the gravimetric method having multiple impaction stages is common in practice. It works on the 

principle that the particle will pass through the different stages in a sequence (Vincent, 2007). In every 

single stage, ambient air comprising particulate matter reaches up to the impacting plate. The bigger 

particles than the cut-off diameter for the particular stage will settle/deposited. On the other hand, the 

particles which are smaller in size follow the gas streamline flow and pass to the next stage. The process 

continues till smaller particles are deposited on the filter paper. Figure 1 (b) shows one of the most used 

Andersen Dekati Low Pressure Impactor. 
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Figure 1. The images shown are as follows: (a) Inertial impaction (b) Cascade Impactor (c) Respirable dust sampler 

(APM 460 DXNL) for PM10 (d) Fine airborne particulate matter (APM 550 EL) for PM2.5. 

Respirable dust sampler is used for monitoring PM10 samples as shown in Figure 1(c). Ambient 

air is drawn through the size-selective inlet of the air sampler using Whatman’s glass-fibre, quartz 

microfiber filter paper of size 8” × 10” (20.3 x 25.4 cm2) with a flow rate of rate of 1.12 m
3
/ min for 8h or 

24 h depending upon the purpose of study. The sampler should be located at a height of 10-15 m above 

the ground surface level to simulate exposure in the human breathing zone. Particles with an aerodynamic 

diameter less than the cut-off diameter of the selected inlet are collected by the pre-conditioned filters. 

The mass of the particles is calculated by taking the difference between the initial and final weight of the 

filters measured using a micro-balance of high precision. Further, to calculate the concentration in μg/m
3
, 

the mass obtained is divided by the total volume of air passed through the sampler during the sampling 

period. After the sample collection, the filters should be enfolded in aluminium foil to avoid the exposure 

of direct sunlight and should be stored in the cold conditions for e.g. -4 to -20 
0
C as per the availability in 

the working place for further analysis (Sharma et al., 2014; Singh et al., 2011). 

PM2.5 samples are collected using fine airborne particulate sampler. Ambient air is passed 

through the desiccator-stored, polytetraflouroethylene most stable type of filter of size 47 mm at a 

constant flow rate of 16.7 litres per minute over a specified sampling period. The sampler is specially 

designed to collect the particles with an aerodynamic diameter more than 2.5 into an inertial based size 

separator commonly known as cyclone collector. In addition to this, sampler has an in-built 

microprocessor that stores five minute averages of ambient temperature, pressure and total volumetric 
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flow for the entire sampling period. Each filter is to be weighed accurately prior to and after the sample 

collection in order to calculate the final deposited weight. The mass concentration of PM2.5 in (μg/m
3
) is 

calculated by dividing the final weight obtained to the volume of air filtered during the sampling period as 

shown in Figure 2. The in-built microprocessor stored every five minute average of ambient temperature, 

pressure and the total volume of air sampled during the sampling period. The collected samples should be 

stored in cold conditions preferably (-20 
0
C) for further analysis (Sharma et al., 2018; Saxena et al., 2017; 

Tiwari et., 2009). 

 

Figure 2. Flow chart for measurement of air-borne particulate matter. 

The annual average concentration of PM10 is observed as ~223 μg/m
3
. Seasonally the maximum 

concentration is observed as ~305 μg/m
3
 in October to November month and minimum is observed as 

~134 μg/m
3
 in July to September month (Figure 3). The higher concentration is due to low wind speed, 

stable atmosphere and prevailing inversion conditions which traps the pollutants within the lower 

boundary layer (Trivedi et al., 2014). The lower concentration is due to the scavenging/washout of 
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particles by wet deposition. During the April to June month, the atmosphere is highly unstable owing to 

the high wind speed and frequent change in wind directions favours the dispersion of particles and mainly 

brings dust storms (Singh et al., 2008). Also, the crop residue burning activities over the Punjab region 

and their regional transportation during these months increases the PM concentration over the Delhi 

region (Mishra and Shibata, 2012). 

 

Figure 3. Measured annual and seasonal concentrations of PM10 during 2003-2018. The measured annual and 

seasonal mean concentrations of particulate matters are sourced from various studies over Delhi (References are 

given at the end of article). 

The annual average concentration of PM2.5 is observed as ~133 μg/m
3
. The maximum 

concentration is ~211 μg/m
3
 in the month of December to March whereas minimum concentration is 

calculated as ~56 μg/m
3
 in July to September month (Figure 4). The increase in the concentration during 

the month of October to November is due to the combination of both meteorological factors and extensive 

biomass burning activities in an open area (Pant et al., 2015). The significant PM2.5 concentrations in the 

month of April to June may be affected by the forest fires in the Himalayan foothill, industrial emission 

and the prevailing metrological parameters over the designated site (Mishra et al., 2014).  
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Figure 4. Measured annual and seasonal concentrations of PM2.5 during 2003-2017. The measured annual and 

seasonal mean concentrations of PM2.5 are sourced from various studies over Delhi (References are given at the end 

of article). 

This article gives a basic understanding and processes of the gravimetric method to measure PM. 

Analysis of the last 15 years of data reveals annual PM10 concentration, averaged over years, to be ~233 

μg/m
3
 which significantly greater than the prescribed limits by various air quality regulation agencies. 

The maximum values are found to be in October to November and minimum in July to September owing 

to different meteorological and emission conditions. Similarly, PM2.5, whose prescribed annual average 

by NAAQs should be 40 μg/m
3
, is again found to be hazardously higher up to ~133 μg/m

3
. Finally, it is 

concluded that across the years Delhi’s PM10 and PM2.5, the two important criterion air pollutants 

persistently being much higher than the prescribed standards.  

The secondary PM datasets used in this article show the gaps between the years having few or no 

measurement irrespective of the fact that the capital of India is highly polluted. Thereby, recent 

advancement in the atmospheric remote sensing (satellite- and ground-based) plays a unique role, 

particularly in the areas where field measurements are not feasible. The spatial-temporal coverage 

provided by remote sensing measurements (especially in areas which lack inadequate data) is a boon for a 
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Figure I: Interaction with School students and research scholars during ‘Jan Jan JNU 2019’
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Figure II. Presentation by Prof. Mark G. Macklin on ‘Management & Remediation of Rivers 

Contaminated by Metal Mining’
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