
American Journal of Engineering Research (AJER) 2015 

        American Journal of Engineering Research (AJER) 

e-ISSN: 2320-0847  p-ISSN : 2320-0936 

Volume-4, Issue-12, pp-45-57 

www.ajer.org 
Research Paper                                                                                                        Open Access 

 

 
w w w . a j e r . o r g  

 
Page 45 

Studies on Respirable Particulate Matter and Heavy Metal 

Pollution of Ambient Air in Delhi, India 

 
1
Pramod R. Chaudhari, 

2
D.G. Gajghate, 

3
Dheeraj Kumar Singh 

1,2
National Environmental Engineering Research Institute, Nehru Marg, Nagpur (Maharashtra) (India) 

3
 Grass Roots Research and Creation India (P) Ltd., F-375, Sec 63, Noida 201301 (U.P.) (India) 

 

Abstract : Delhi is the large metro city and capital of India which has been reported to be having worst air 

pollution as per urban data base released by the World Health Organization in September 2011. Ambient air 

quality survey of Respirable Particulate Matter (PM10) and heavy metal pollution of air was carried out in 

Delhi in industrial, commercial and residential area in 2006 and 2011. Vehicular emission, dust emanated from 

heavy traffic and construction activity and industrial activities were found to be responsible for air pollution in 

Delhi. In this paper, PM10 and heavy metal pollution of air in Delhi were observed to be increased in 2011 

many more times above the recommended standards or guidelines for protection of public health as compared 

to 2006 level with the increase in human activity. Heavy metals are observed to be associated with RPM.  

Though, Delhi government has taken number of measures to reduce the air pollution, more efforts will be 

required in future to control emission of air pollutants due to increasing population of Delhi and supporting 

facilities like industries, transport, construction etc. 
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I. INTRODUCTION 
Most of the developing countries are facing the problem of air pollution and public health problems due to 

pressure from increasing population, transport, industrialization and other activities. The latest World Bank 

report on leveraging urbanization in South Asia has identified air pollution as a big challenge for major cities 

in the region, including Delhi.  Delhi is reported to be the worst amongst 381 cities from developing countries 

by World Health Organization in September 2011. The report also mentions that under-five mortality is higher 

in urban areas than in rural setting. Air pollution is a pernicious problem and its health impacts set to worsen 

as several regions of the world urbanize rapidly. The major urban air pollutants i.e. NOx, SO2, Ozone, 

particulate matter & CO, and their impacts have been studied widely in the ambient air of Delhi. Though heavy 

metals in air were analyzed in the some air monitoring programme but were not interpreted comprehensively.  

Ambient Respiratory Particulate Matter, RPM (PM10), may be the carriers of toxic species like heavy metals 

which have adverse effect on environment as well as human health [1]. Understanding the types of heavy metals 

and their spatio-temporal patterns of urban air pollution and their relation with PM10 is crucial to exploring its 

implications for human and ecosystem health. Therefore, dynamics and interrelationships of RPM and heavy 

metal concentrations in the air of Delhi was studied in 2006 and 2011 to understand the spatial and temporal 

variation with increasing population and human activity in the environment of metro city of India. 

 

II. MATERIALS AND METHODS 
Ambient air quality monitoring was carried out at three sites in Delhi, viz. Mayapuri Industrial area (West 

Delhi), Commercial area (Chandni Chowk area, North Delhi), & Residential area (Sarojini Nagar, South 

Delhi). RPM was collected from the locations using samplers operated at a rate of 1.5 m
3
/min for 24 hours on 

pre-weighted glass fibre filter of 20x25 cm size and reweighted after sampling in order to determine the mass 

concentration of the RPM collected. The concentrations of particulate matter in ambient air were then 

computed on the net mass collected divided by the volume of sampled air. Twelve circles of 1” diameter were 

punched out from the filter paper and digested in concentrated nitric acid. The content was filtered through 

Whatman paper No. 42 and final volume made-up to 100 ml by double distilled water. The filtrate was used to 

determine the metals Cr, Cd, Fe, Pb, Zn and Ni by atomic Absorption Spectrophotometer. The RPM and each 

metal concentration were averaged for month in 2006 and 2011. 
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III. RESULTS AND DISCUSSION 
Sampling Stations 

Delhi is the capital city of India. This metro city is increasing fast in size and industrial, commercial and 

transport activity. Three sampling sites representing residential area, commercial area and industrial area were 

selected for the study. 

The first sampling station Mayapuri Industrial Area (West Delhi) was used to be a major hub of small scale 

industries, but following recent government sanctions, most of the heavy metal industries moved out. The place 

is now a combination of residential flats, light metal factories and automobile service stations. Apart from these, 

the area has three malls, bus terminal of Delhi Transport Corporation (DTC). One of the main businesses at 

Mayapuri is the recycling of metal scraps and sale of salvage vehicle parts. It is the biggest market for used 

automotive and industrial spare parts in India. Many small workshops specialized in different metals are active 

in the Mayapuri area.  The presence of toxic heavy metals and of harmful chemicals in the waste generated by 

these activities presents a direct threat for the health of the people living in the area.  

The second sampling site is commercial area around Chandni Chowk in North Delhi. This area is densely 

populated with heavy traffic, famous for diverse market goods like books in Nai Sarak area; pearl, gold and 

silver jewellery and natural perfumes at Dariba Kalan; spice-lover in Khari Baoli; cloth market, areas for 

electric equipments and allopathic medicines, shawls and pearls.  

 The third sampling site is Sarojini Nagar in South West Delhi. It is large residential area with very large 

market and is one of the places in the city to buy clothes and fabrics. The area comprises a large number of 

large sized showrooms, apart from street side shops which sell garments of all sizes, designs and colors. The 

vicinity of Sarojini Nagar Market is very much developed. The back-streets of market are also crowded by the 

most famous Export Market for clothes. 

 

Climatic Conditions  

Delhi has humid sub-tropical bordering semi-arid climate with extreme temperatures during summer and 

winter. There are four seasons, winter (December to February), summer (March to May), rainy season or 

monsoon (June to September) and post-monsoon (October to November). In summer, the average temperature is 

32 
0
C (90 

0
F) and highest temperature close to 45 

0
C (114 

0
F). The total rainfall in monsoon is 797.3 mm and 

the temperature ranged from 25 
0
C (78 

0
F) to 32 

0
C (90 

0
F) with average temperature around 29 

0
C (85 

0
F). The 

average temperature during post-monsoon season remains around 21 
0
C (71 

0
F). In winter, the average 

temperature ranges around 12-13 
0
C (54-55 

0
C). The lowest temperature may go up to -2.2 

0
C certain times [2] 

(Table I).   

 

Respirable Particulate Matter 

Air quality monitoring was carried out for RPM and heavy metals in air in 2006 and 2011. RPM recorded in 

2006 and 2011 in industrial, commercial and residential areas of Delhi are given in Table II and in Figure 1 

and 2. In 2006, RPM Concentrations were observed to be higher in all the months in industrial area ranging 

from 75 to 295 µg/m
3
. Though RPM values in commercial and residential areas are more or less similar, the 

RPM values in residential area were slightly higher in most of the months ranging from 48 to 253 µg/m
3
. RPM 

values in commercial area ranged from 45 to 220 µg/m3. This indicates that the human activity was more in 

industrial area followed by residential and commercial area, leading to considerable dust pollution in Delhi. 

The highest RPM concentration was observed in January month. The RPM concentration was lowest in July 

month and then gradually increased through August and September and attained maximum in October, 

December and January. A slight reduction in RPM concentration was noticed in February and March and in 

November. Therefore, the RPM showed bimodal peak during the year, one in November-December-January and 

another in April. When compared with AAQM standard of 100 µg/m3, the RPM concentration was lower than 

the standard in commercial and residential area during  July to September period and in industrial area during 

July to August period, while it was well above the standard in all other months at all stations.  

In the year 2011, highest RPM concentration was recorded in commercial area, followed by industrial and 

residential area in decreasing order (Table II, Figure 2).  The range of RPM was recorded to be 87 to 449 

µg/m
3
 in commercial area, 88 to 433 µg/m

3
 in industrial area and 53 to 405 µg/m

3
 in residential area. Another 

important observation was that the highest RPM values were observed during November and December. 

Seasonal dynamics of RPM concentration was otherwise more or less similar to the observations recorded in 

2006. Lowest RPM concentration was observed during July to September, then showed gradual increase and 

attained highest value in December. Other lower values were observed during February and March. Thus, the 

RPM showed bimodal peak, one in December and another in April-May. When compared with AAQM standard 

of 100 µg/m
3
, the RPM concentration was lower than the standard in residential area during June to September 

period, in industrial area during July to September period and in commercial area during July to August period, 

while it was well above the standard in all other months at all stations. 

https://en.wikipedia.org/wiki/West_Delhi
https://en.wikipedia.org/wiki/Heavy_metal_(chemistry)
https://en.wikipedia.org/wiki/Heavy_metal_(chemistry)
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Comparison of seasonal spatial and temporal variation of RPM is shown in Table II and Figure 3. In general, 

the RPM concentration range was found to be lower in the year 2006 than the range of RPM found in 2011 at 

all stations. This is clearly evident in Total-Annual RPM values which are lower in 2006 and higher in 2011.  

Winter was most critical showing highest concentration of RPM followed by post-monsoon and summer season. 

The percentage increase/decrease in RPM Concentrations in 2011 as compared to those in 2006 is presented in 

Figure 4. The Total-Delhi value for RPM in different seasons showed 23.45% to 83.65% higher values over that 

in 2006 values in different seasons, monsoon has highest value over monsoon of 2006 followed by post-

monsoon, winter and summer.  The Annual mean also showed increase by 29.78%. Commercial area showed 

higher values in all the seasons as well as with respect to annual mean. It was followed by residential area 

showing higher values in summer season followed by winter season and post-monsoon season. Industrial area 

showed higher values in post-monsoon season followed by winter season and monsoon season. Industrial area 

showed reduction in RPM in summer and residential area in monsoon season. Overall annual mean were less in 

industrial area and residential area.  This shows that the human activity was very much intensely increased in 

commercial area in 2011. Human activity was also more in residential area due to presence of famous market in 

residential area which is visited by most of the people from different areas of Delhi and other parts of India. 

However, industrial activity is not much increased and do not have much impact on RPM in 2011 as compared 

to the value of 2006, though the values of RPM are mostly above the stipulated standards in this area. 

 The values of PM10 in the air of Delhi (66 to 365 µg/m3) were considerable higher than that in Bhopal (102-

159 µg/m3) [3], however lower than those values recorded in Lucknow (113 to 396.2 µg/m3) (Barman et al., 

2012). This shows that the Lucknow is competing Delhi for being highly polluted. 

The Air Quality Index (AQI) based on RPM was calculated using the method [4, 5].   For AQI (Q), the air 

quality rating of each pollutant was calculated by following formula:   

Q = 100 x V/Vs  ----------- (1) 

Where, Q is quality rating, V the observed value of the pollutant, and Vs the standard recommended for that 

pollutant. The categories of air quality based on AQI are presented in Table III. The Standard for RPM is 100 

µg/m3; therefore, as per above equation (1), the RPM values themselves represent Air Quality Index in different 

months (Table II). The category of air quality in 2006 and 2011 is shown in Table IV. The values of RPM / AQI 

(>100) in January to June and from October to December indicated Severe Air Pollution of RPM. During 

monsoon months of July, August and September, the level of air pollution was observed to be lower (Heavy Air 

Pollution) in the year 2006 and in residential area in both the years.  Industrial area and commercial area 

showed AQI ranging from 75 to 114 (Heavy to Severe Air Pollution) in 2006 and AQI from 88 to 99 (Heavy Air 

Pollution) in 2011. Commercial area showed Heavy Air Pollution (AQI: 45 to 66) in 2006 and Severe Air 

Pollution (AQI: 87 to 101) in 2011. However, residential area showed Heavy Air Pollution (AQI: 48 to 87) in 

2006 and Moderate Air Pollution (AQI: 53 to 63) in 2011, indicating some degree of improvement in air 

quality. In short, the air quality was Heavy Air Pollution in monsoon season in 2006, while it changed to Severe 

Air Pollution in 2011. 

Urban areas in general have been experiencing a higher concentration of air pollution due to extensive 

vehicular movements and other activities concentrated in urban area. Comparatively similar areas and the 

cities have been divided   into four categories on the basis of Exceedence Factor (EF), which is the ratio of 

annual mean concentration of a pollutant with that of its standard. The standard four categories of air pollution 

based on EF are given below: 

1) Critical pollution (C ): when EF is > 1.5 

2) High pollution (H):when EF is between 1 and 1.5 

3) Moderate pollution (M): when EF is between 0.5 and 1.0 

4) Low pollution (L): when EF is < 0.5 

The values of EF were determined on annual average values of RPM.  Highest EF was recorded in Industrial 

area in 2006, while the highest in 2011 was in Commercial area, indicating tremendous increase in commercial 

activity and some reduction in industrial activity. Residential area also showed slight lowering of air pollution 

The Exceedence Factor (EF) for RPM (Table V) also support the conclusion based on Air Quality Index,  that 

the RPM concentration indicated Critical Pollution in industrial and residential areas during both the years, 

while in commercial area, RPM level showed High Pollution in 2006, which changed to Critical Pollution in 

2011.The above analysis of category of air pollution due to RPM indicates that the air quality is highly risky in 

Delhi throughout the year including the rainy or monsoon season. This is in conformity with earlier report that 

exposure to PM10 results in aggregated respiratory and cardiovascular diseases and in some cases premature 

death [6, 7]. During Budget session of the Rajya Sabha in 2012, the MoEF minister Jayanti Natarajan 

answered to one question that contribution of transport sector to PM10 pollution in Delhi was between 9-21% 

of the total. Even if the CNG introduction has been successful intervention as far as reducing pollution from the 

transport sector is concerned, it accounts for at most a fifth of the pollution in Delhi [8].The traffic generated 

gaseous and particulate matter emission and trends over Delhi from 2000 to 2010 was studied [9] and observed 
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that emission of PM10 decreased in 2001 and 2002; however, it is continuously increasing after 2002 due to 

rapid rise in the annual rate of increase in vehicles. 

Delhi city has shown history of many fluctuations in the level of pollution along with measures taken for its 

control. Delhi has carried out up measures to reduce vehicle emissions, in terms of fuel quality (introduction of 

CNG for commercial vehicles) and vehicle pollution reduction technologies and other measures like shifting 

polluting industries outside in industrial area, introduction of alternate transport Metro, conversion of coal 

based power plants in Delhi into gas based plants [8]. Though these initiatives helped to improve the air quality 

in early 2000s, they fall short the controlling air pollution due to increasing number of passenger vehicles on 

road, lack of enough public transport buses and increase in freight movement and construction material and 

debris by trucks passing through the city, the lack of maintenance of trucks and buses, increase in in-situ 

generator sets due to increased demand of electricity and industrial growth 

 

Heavy Metals in Ambient Air 

A total 6 heavy metals were recorded in the ambient air of Delhi. The dynamics of trace metals in ambient air is 

given in Table VI. The spatial variation in the heavy metals in the ambient air in the year 2006 is shown in 

Figure 5 and 6. The zinc and iron were observed in higher concentrations for most of the time followed by lead, 

nickel, cadmium and chromium. In 2006, a clear bimodal peak in the concentration of heavy metals in ambient 

air was observed, one during March – May and another in August –September. In 2011, Zn, Fe, and Pb showed 

relatively lower concentrations as compared to 2006 but highest amongst all other metals in 2011 (Figure 7 and 

8). The heavy metals also showed bimodal peak, one in April – June and another in October – December, except 

zinc, which showed many peaks and furrows. The heavy metals showed similar pattern with RPM, indicating 

that the sources of emissions for both are same. In Delhi, the sources of emission of heavy metals were the 

commercial activity and the scattered industries. In Raipur, the source of Fe in air is the sponge iron industries 

in the area (Suresh et al., 2010-2011). The risk of heavy metal exposure is observed to be in summer and post –

monsoon season. 

Based on annual average values, the gradient of concentration of heavy metals in ambient air in 2006 and 2011 

is given below: 

Zn > Fe > Pb > Ni > Cr > Cd (2006) 

Zn > Fe > Pb > Ni > Cr = Cd (2011) 

The concentration gradients of heavy metals reported in other areas of India are given below:  

Fe > Cu > Zn > Mn > Cr > Cd > Pb > Ni (Coal mining & non-mining area of Dhanbad) [10]  

Fe > Zn > Mn > Cr > Pb > Ni > Co (Lucknow) [11])  

Mn > Ni > Co > Cd > Pb (Jharia coal field)[12]  

This shows that though the basic pattern of concentration gradient of heavy metals are same, the gradient differ 

slightly in different localities depending on local geology and type of human activity.  

The compilation of heavy metals in the ambient air of Delhi and in other areas of India is given in Table VII. 

Coal mine area, Dhanbad showed higher concentration of Fe, Pb and Cr [9] than those recorded in Delhi. 

Moradabad with high traffic also showed higher concentrations of all metals [13] and similar is the case of 

Raipur [14].  In the ambient air of Lucknow, the maximum concentrations of Zn, Fe, Pb and Cr were lower than 

in Delhi with exception of Ni which was higher in the air of Lucknow by almost double the amount recorded in 

Delhi [11]. Fe was significantly high in the air of Delhi as compared to Lucknow, which may be due to lot of 

construction activity going on in Delhi.  

The monthly percentage composition of heavy metals in RPM was evaluated on the basis of monthly total values 

of heavy metals (HM) and RPM, and was observed to be average 1.358% (range: 0.027% to 2.534%) in 2006 

and average 0.882% (range: 0.276% to 2.73%) in 2011 (Table VIII). The lower concentration of Zn, Fe, & Pb 

recorded in 2011 as compared to those in 2006 as well as  lower percent composition of heavy metals in RPM in 

2011 might be due to emission of more dust  due to increase in traffic and construction activity in 2011. Suresh 

et al. (2010-2011) reported the range of percentage of heavy metals in SPM as 1.17 to 1.87% in Raipur 

indicating larger industrial sources of heavy metals in ambient air in Raipur as compared to Delhi. These 

observations show that seasonal variation of climate and fluctuations in human activity are responsible for 

dynamics of RPM and heavy metal concentration in ambient air of Delhi. 

The Pearson’s Correlation Coefficient among trace metals and RPM are shown in   Table IX.  The table 

indicates that the RPM is moderately correlated with Fe (r: 0.4288) and Pb (r: 0.5056) and poorly with 

chromium and cadmium and negatively with Zn and Ni.  Cadmium is strongly correlated (r: 0.62 to 0.88) with 

Ni, Cr, and Pb. Zinc is strongly correlated with Cr (r: 0.7351) and moderately with Pb (r: 0.4128). This is in 

conformity with the observation that the particulates in ambient air may include broad range of chemicals, 

ranging from metals to organic and inorganic compounds[15, 16]. Similar observations have been made [10] 

who recorded correlation between RPM (PM10) and heavy metals like, Pb, Ni, Fe, Mn, Zn and Cd. Strong 

correlation between Cd-Ni, Ni-Mn, and Cd-Mn was observed in Jharia Coal field of Jharkhand [12]. The inter 
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correlations of metals Pb with Mn, Fe & Cr, Zn with Ni & Cr, Ni with Cr, Mn with Fe, and Cu with Cr was 

observed in the air of Lucknow [17] .  

Out of six metals, only three metals have guideline / standard for ambient air for protection of public health 

during exposure to polluted air (Table X). Cadmium has limit of 0.005 µg/m3 [18, 19], nickel has limit of 0.020 

µg/m3 [18, 20, 19] and lead has limit of 1 µg/m3 [20]. The table also shows that cadmium is present in 

concentration above the stipulated standard during both the years; nickel exceeds the standard in 2011 while 

lead concentrations were below the standard in both the years. The values of AQI based on metal pollutants in 

air and category of heavy metal pollution in 2006 and 2011 are shown in Figure 9 and 10 respectively. 

In 2006, all the metals were at Clean Air level in the ambient air for most of the time except cadmium and nickel 

showing abrupt rise in AQI in April and during the end of monsoon, post-monsoon and December. The AQI 

based annual mean (AM) showed Cd at Moderate Air Pollution level and nickel & lead at Clean Air status. 

Monthly dynamics of AQI of metals in ambient air (Figure 9) showed cadmium at upper threshold level of 

Moderate Air Pollution in April and August months and Severe Air Pollution levels in September, November 

and December months. Nickel reached Light Air Pollution level in August and Moderate Air Pollution level in 

September and December. Thus, the risk period with respect to exposure to heavy metals in ambient air is April, 

August to September and November to December.  

In 2011, the ambient air pollution showed more deterioration on the basis of AQI.  AQI based on Annual Mean 

(AM) showed that cadmium changed from Moderate Air Pollution (2006) to Heavy Air Pollution level (2011) 

and nickel changed from Clean Air (2006) to Light Air Pollution level (2011) but lead remained at Clean Air 

level (Figure 10). Cadmium was observed to be at Light Air Pollution level in August only, and Moderate Air 

Pollution level in March, April and July, Heavy Air Pollution level in June and October and Severe Air 

Pollution level in January, September, November and December. Nickel gained position of Light Air Pollution 

in May, June, August and October, Moderate Air Pollution level in November, December and Severe Air 

Pollution in February. Thus, the risk period increased to January-February, June, and September – December.   

Above conclusion is also supported by the Exceedence Factor calculated for Cd, Ni, and Pb. The Exceedence 

Factors (EF) based on annual mean of heavy metals for Cd, Ni, and Pb are shown in Table XI1. The pollution 

status of cadmium and nickel was Moderate and Low in 2006 respectively which changed to High Pollution in 

2011. However, lead was at Low Pollution status in both the years. This is due to lead-free petrol used in the 

vehicles. This indicates that urban air pollution of heavy metal is more severe. Shifting of some polluting 

industries to the outskirts of Delhi did not change the pollution status of the heavy metals in the air of Delhi. 

Similar observations of urban air pollution in India are also noted by other worker [15] who studied the urban 

air pollution with village as control and found that heavy metal concentration in the environment of Lucknow 

was higher than control site by 52.3%, 271.8%, 406.9%, 75.81%, 62.7%, 487.54%, and 189.5% for Fe, Cu, Pb, 

Zn, Ni, Mn and Cr respectively.  Higher concentrations of heavy metals have been recorded in ambient air in 

coal mining area of Dhanbad, Jharkhand [10] than control site, Cd by 1300%, Zn by 133%, Fe by 5484%, Pb 

by 137% and Cr by 8300% except nickel. The increase in night time concentrations of the metals Al, Zn., Pb & 

Cd on Diwali  night was also observed at  Kolkata by  5-12 times,  Cu, Fe, & Mn by 25-40 times and Co & V 

by70-80 times as  compared to normal night-time concentrations [23].  

There are various sources emitting these elements into the atmosphere, e.g. fossil fuel combustion contributes 

Al, Fe, Ca, Mg, K, Na, As, Pb, Cd, Se, Hg [24],  Pb and Zn by wood combustion [25], vehicular traffic 

contributes Cd, Cr, Cu, Ni, Pb, Zn [26],  electroplating contributes Cr [27],  metal alloy industries emit 

different elements like Cd, Cr,  al, Fe, Ni, Zn, Pb, Cu etc in the air [28].  

 

Impact of Air Pollutants on Public Health  

 Study was carried out to evaluate the direct health impacts in National Capital Territory of Delhi (NCT Delhi) 

in terms of mortality and morbidity due to air pollution [29]. About 11394, 3912, 1697, and 16253 excess 

number of cases of total mortality, cardiovascular mortality, respiratory mortality and hospital admission of 

COPD respectively were observed for entire NCT Delhi in the year 2000. However, within one decade in year 

2010, these figures became 18229, 6374, 2701, and 26525. District wise analysis showed that North West 

District is having the highest number of mortality and morbidity cases continuously after 2002. Moreover, least 

excess number cases were observed for New Delhi District. 

Short term but high emissions of trace elements such as As, Cd, Co, Cr, Ni, Pb, and Se which are animal and 

human carcinogens even in trace amounts have severe health impacts [30]. Pb can cause neurological and 

hematological impacts on the exposed population, Cd and Ni can cause carcinogenic effects in human through 

inhalation, occupational level of Cd exposure is a risk factor for chronic lung diseases [31, 32].  Cr(VI) has 

carcinogenic effect on the bronchial tree, increased Mn leads to neurotoxic impairment, increased level of Cu 

leads to respiratory irritations [31, 33, 34].   
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IV. CONCLUSION 
Impact of big cities on local air quality has long been recognized but the fact that this will trigger the impacts 

on regional and global climate is just beginning to receive attention. Among the major air pollutants of public 

health importance, heavy metal is an important parameter from public health point of view which needs to be 

studied   as emission from   anthropogenic source. This presently neglected parameter may assume a great risk 

to public health in future and need to be controlled effectively. Delhi has taken several steps to reduce the level 

of air pollution in the city during the last 10 years. However, more still needs to be done to further reduce the 

levels of air pollution [35].  Integrated approach towards urban air pollution control is required including 

infrastructure development and motivation efforts of government and participation of the community for 

effective reduction of pollution like use of public transport starting from some car-free days, use of Metro rail 

with adequate number of feeder buses at Metro stations. More frequent checking of Pollution under Control 

(PUC) certificates and education of people to switch-off their vehicles when waiting at traffic intersections. The 

ever-increasing influx of migrants can be reduced by developing job opportunities in the suburban areas, and 

thus prevent further congestion of the already-choked capital city of Delhi. 
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Table I: Climate Data for Delhi (1971-1990) 

 Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Record 

High 
0
C(

0
F) 

30.0 

(86) 

34.1 

(93.4

) 

40.6 

(105.

1) 

45.6 

(114.

1) 

47.2 

(117) 

46.7 

(116.

1) 

45.0 

(113) 

42.0 

(107.

6) 

40.6 

(105.

1) 

39.4 

(102.

9) 

36.1 

(97) 

29.3 

(84.7

) 

47.2 

(117) 

Average 

high 
0
C(

0
F) 

21.0 

(69.8

) 

23.5 

(74.3

) 

29.2 

(84.6

) 

36.0 

(96.8

) 

39.2 

(102.

6) 

38.8 

(101.

8) 

34.7 

(94.5

) 

33.6 

(92.5

) 

34.2 

(93.6

) 

33.0 

(91.4

) 

28.3 

(82.9

) 

22.9 

(73.2

) 

31.2 

(88.2

) 

Daily 

mean 
0
C(

0
F) 

14.3 

(57.7

) 

16.8 

(62.2

) 

22.3 

(72.1

) 

28.8 

(83.8

) 

32.5 

(90.5

) 

33.4 

(92.1

) 

30.8 

(87.4

) 

30.0 

(86) 

29.5 

(85.1

) 

26.3 

(79.3

) 

20.8 

(69.4

) 

15.7 

(60.3

) 

25.1 

(77.2

) 

Average 

low 
0
C(

0
F) 

7.6 

(45.7

) 

10.1 

(50.2

) 

15.3 

(59.5

) 

21,6 

(70.9

) 

25.9 

(78.6

) 

27.8 

(82) 

26.8 

(80.2

) 

26.3 

(79.3

) 

24.7 

(76.5

) 

19.6 

(67.3

) 

13.2 

(55.8

) 

8.5 

(47.3

) 

19.0 

(66.2

) 

Record 

low 
0
C(

0
F) 

-0.6 

(30.9

) 

1.6 

(34.9

) 

4.4 

(39.9

) 

10.7 

(51.3

) 

15.2 

(59.4

) 

18.9 

(66) 

20.3 

(68.5

) 

20.7 

(69.3

) 

17.3 

(63.1

) 

9.4 

(48.9

) 

3.9 

(39) 

1.1 

(34) 

-0.6 

(30.9

) 

Average 

precipi-

tation 

mm 

(inches) 

19 

(0.75

) 

20 

(0.79

) 

15 

(0.59

) 

21 

(0.83

) 

25 

(0.98

) 

70 

(2.76

) 

237 

(9.33

) 

235 

(9.25

) 

113 

(4.45

) 

17 

(0.67

) 

9 

(0.35

) 

9 

(0.35

) 

790 

(31.1

) 

Source : NOAA; Indian Meteorological Department (record high and low up to 2010) 

 

Table II: Spatial and Temporal Variation of RPM in the Ambient Air of Delhi 

Month 
Industrial Commercial Residential Total-Delhi 

2006 2011 2006 2011 2006 2011 2006 2011 

Jan 295±21 336±123 220±116 366±158 253±71 260±116 768 962 

Feb 287±59 227±69 182±44 280±117 196±42 166±87 665 673 

Mar 225±33 200±55 147±61 267±69 149±58 165±23 521 632 

Apr 284±155 228±63 208±87 291±54 227±108 225±108 719 744 

May 206±81 216±47 163±98 358±115 180±77 135±49 449 709 

Jun 121±31 118±42 117±76 221±94 129±96 88±47 367 427 

Jul 79±17 88±27 45±8 87±24 87±34 59±15 211 234 

Aug 75±19 98±27 49±12 91±28 48±14 63±27 172 252 

Sep 114±39 99±29 66±18 101±26 67±9 53±11 247 253 

Oct 266±97 231±31 208±108 296±118 164±82 165±103 638 692 

Nov 224±71 426±102 149±55 400±155 185±77 242±57 558 1068 

Dec 264±83 433±133 211±82 449±107 197±86 405±124 672 1287 
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Table III: Category of Ambient Air Quality Based on Air Quality Index (Q) 

Index Value Category 

≤10 - 25 Clean air 

26 – 50 Light air pollution 

51 – 75 Moderate air pollution 

76 – 100 Heavy air pollution 

>100 Severe air pollution 

 

Table IV: Category of Air Pollution Based on Air Quality Index (Q) based on RPM 

Seasons 
Industrial Commercial Residential 

2006 2011 2006 2011 2006 2011 

Winter Severe air pollution 

Summer Severe air pollution 

Monsoon 

Heavy to 

severe air 

pollution 

Severe air 

pollution 

Heavy air 

pollution 

Severe air 

pollution 

Heavy air 

pollution 

Moderate 

air 

pollution 

Post-

Monsoon 
Severe air pollution 

Annual Mean Severe air pollution 

 

Table V: Category of Ambient Air Pollution Denoted by Exceedence Factor Based on RPM Annual Mean 

Seasons 

2006 2011 

Industrial 

Area 

Commercial 

Area 

Residential 

Area 

Industrial 

Area 

Commercial 

Area 

Residential 

Area 

Annual Mean 245 147 176 225 266 167 

Exceedence 

Factor (EF) & 

Pollution 

Status 

2.45 

Critical 

Pollution 

1.47 

High pollution 

1.76 

Critical 

pollution 

2.25  

Critical 

pollution 

2.66  

Critical 

pollution 

1.67  

Critical 

pollution 

 

Table VI: Heavy Metal Concentration (24-H Average) in ambient Air of Delhi 
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Table VII: Ranges of Heavy Metals in the Air of Delhi and Other Areas in India 

 Cd Zn Ni Fe Pb Cr 

Delhi ambient air 0.0028 - 

0.005 
0.9 - 1.096 

0.0038 - 

0.027 
0.375 - 0.51 

1.108 - 

0.135 

0.003 - 

0.005 

Coal mine area of 

Dhanbad [9]  
0.03 - 0.07 0.16 - 2.55 0.002 – 0.02 1.43 – 28.48 0.024 - 0.32 0.11 - 0.42 

Lucknow [15}  
-- 

0.0189 – 

0.0999 

0.0224 – 

0.0525 

0.506 – 

2.434 

0.023 – 

0.249 

0.0032 – 

0.012 

Lucknow, 

Annual Average  

[11]   

-- 
0.0588 – 

0.286 

0.00336 – 

0.036 

677.24 – 

3.645 

0.0087 – 

0.0867 

0.024 – 

0.0888 

Moradabad (UP)    

Max conc in Ind. 

Area [13]  

0.20 

(heavy 

density 

traffic area) 

21.24 0.03 18.43 

2.72 

(heavy 

density 

traffic area) 

0.41 

Raipur  [14]    0.01 – 0.32 0.01 – 0.05 1.44 – 4.91   

 

Table VIII: Percentage of Heavy Metal Content in RPM Concentration 

Months 
2006 2011 

HM RPM HM% HM RPM HM% 

Jan 0.452 256 0.160 1.213 321 0.378 

Feb 1.063 222 0.479 1.537 224 0.686 

Mar 4.409 174 2.534 0.873 211 0.414 

Apr 4.042 240 1.684 1.195 248 0.482 

May 0.222 150 0.148 2.536 236 1.075 

June 0.037 122 0.030 0.96 142 0.676 

July 0.173 70 2.471 1.353 78 0.453 

Aug 3.91 57 6.860 1.823 84 2.170 

Sep 0.022 82 0.027 2.293 84 2.730 

Oct 0.063 213 0.030 1.181 231 0.511 

Nov 0.133 186 0.072 2.596 356 0.729 

Dec 4.022 224 1.796 1.182 429 0.276 

Annual 

average 
  1.358   0.882 

(HM: heavy metal) 
 

Table IX: Correlation Coefficient among RPM-Total-Delhi (RPM-AT) and Trace Metals 

 RPM-AT Cd Zn Ni Fe Pb Cr 

RPM-AT 1       

Cd 0.039 1      

Zn -0.0277 0.3407 1     

Ni -0.1888 0.8829 0.3426 1    

Fe 0.4288 0.0538 0.4914 0.0122 1   

Pb 0.5056 0.6148 0.4128 0.4517 0.4743 1  

Cr 0.2336 0.6639 0.7351 0.5476 0.3539 0.7884 1 

 

Table X: Standard / Guideline for Heavy Metal Concentration in Ambient Air for Protection of Public Health 

Metal 

 

Average of 

Samples         

(24-hour; µg/m3) 

Range  of samples    (24-hour; 

µg/m3) 

Standard/ 

Guideline 

(annual average; 

µg/m3) 

References 

2006 2011 2006 2011 

Cadmium (Cd) 0.0028 0.005 0.001 - 0.013 0.00-0.015 0.005 [18]; [19] 

Zinc (Zn) 1.096 0.90 0.001- 3.765 0.039- 2.008 Non-available  

Nickel (Ni) 0.0038 0.027 0.001- 0.011 0.003- 0.027 0.020 [18]; [19]; [20] 

Iron (Fe) 0.375 0.51 0.001- 1.788 0.08- 1.114 Non-available  

Lead (BP) 0.108 0.135 0.002- 0.261 0.002- 0.386 
0.500 [21]; [22]  

1.000 [20] 

Chromium (Cr) 0.0033 0.005 0.001- 0.016 0.001- 0.008 Non-available  
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Table X1:  Ambient Air Quality Status based on Exceedence Factor For Heavy Metals in Ambient Air 

Metal 
Exceedence Factor (EF) and Pollution Status 

2006 2011 

Cadmium (Cd) 
0.56 

Moderate pollution 

1.00 

High pollution 

Nickel (Ni) 
0.19 

Low pollution 

1.35 

High pollution 

Lead (Pb) 
0.108 - 0.216 

Low pollution 

0.135 - 0.27 

Low pollution  

 

 

 

 

 


