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Abstract

Air pollut ion is responsible for many health problems in the urban areas. Of late, the air pollut ion status in Delhi has undergone

many changes in terms of the levels of pollutants and the control measures taken to reduce them. T his paper provides an

evidence-based insight  into the status of air pollut ion in Delhi and its effects on health and control measures inst ituted. T he urban

air database released by the World Health Organizat ion in September 2011 reported that  Delhi has exceeded the maximum PM10

limit  by almost  10-t imes at  198 μg/m3. Vehicular emissions and industrial act ivit ies were found to be associated with indoor as

well as outdoor air pollut ion in Delhi. Studies on air pollut ion and mortality from Delhi found that  all-natural-cause mortality and

morbidity increased with increased air pollut ion. Delhi has taken several steps to reduce the level of air pollut ion in the city

during the last  10 years. However, more st ill needs to be done to further reduce the levels of air pollut ion.
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Pollut ion refers to the contaminat ion of the earth's environment  with materials that  interfere with human health, quality of life

or the natural funct ioning of the ecosystems. T he major forms of pollut ion include water pollut ion, air pollut ion, noise pollut ion

and soil contaminat ion. Other less-recognised forms include thermal pollut ion and radioact ive hazards. It  is difficult  to hold any

one part icular form responsible for maximum risk to health; however, air and water pollut ion appear to be responsible for a large

proport ion of pollut ion related health problems.

Of late, the air pollut ion status in Delhi has undergone many changes in terms of the levels of pollutants and the control

measures taken to reduce them. T his paper provides an evidence-based insight  into the status of air pollut ion in Delhi and its

effects on health and control measures inst ituted.

Status of Air Pollution in Delhi

Delhi (or the National Capital T erritory of Delhi), is joint ly administered by the central and state governments. It

accommodates nearly 167.5 lakh people (2011 Census of India).(1)

Metros across the world bear the major brunt  of environmental pollut ion; likewise, Delhi is at  the receiving end in India.

A study funded by the World Bank Development  Research Group was carried out  in 1991-1994 to study the effects of air

pollut ion.(2) During the study period, the average total suspended part iculate (T SP) level in Delhi was approximately five-t imes

the World Health Organizat ion's annual average standard. Furthermore, the total suspended part iculate levels in Delhi during this

t ime period exceeded the World Health Organizat ion's 24-h standard on 97% of all days on which readings were taken. T he study

concluded that  the impact  of part iculate matter on total non-trauma deaths in Delhi was smaller than the effects found in the

United States of America, but  found that  a death associated with air pollut ion in Delhi caused more life-years to be lost  because

these deaths were occurring at  a younger age.

A report  by the Ministry of Environment  and Forests, India, in 1997 reviewed the environmental situat ion in Delhi over

concerns of deteriorat ing condit ions.(3) Air pollut ion was one of the areas of concern ident ified in this study. It  was est imated

that  about  3000 metric tons of air pollutants were emit ted every day in Delhi, with a major contribut ion from vehicular pollut ion

(67%), followed by coal-based thermal power plants (12%). T here was a rising t rend from 1989 to 1997 as monitored by the

Central Pollut ion Control Board (CPCB). T he concentrat ions of carbon monoxide from vehicular emissions in 1996 showed an

increase of 92% over the values observed in 1989, consequent  upon the increase in vehicular populat ion. T he part iculate lead

concentrat ions appeared to be in control; this was at t ributable to the de-leading of petrol and restrict ions on lead-handling

industrial units. Delhi has the highest  cluster of small-scale industries in India that  contribute to 12% of air pollutants along with

other industrial units.
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Vehicular pollut ion is an important  contributor to air pollut ion in Delhi. According to the Department  of T ransport ,

Government  of National Capital T erritory of Delhi, vehicular populat ion is est imated at  more than 3.4 million, reaching here at

a growth rate of 7% per annum. Although this segment  contributes to two-thirds of the air pollut ion, there has been a palpable

decline compared to the 1995-1996 levels.

T he PM  standard is generally used to measure air quality. T he PM  standard includes part icles with a diameter of 10 μm or less

(0.0004 inches or one-seventh the width of a human hair). T hese small part icles are likely to be responsible for adverse health

effects because of their ability to reach the lower regions of the respiratory t ract . According to the Air Quality Guideline by the

World Health Organizat ion, the annual mean concentrat ion recommended for PM  was 20 μg/m , beyond which the risk for

cardiopulmonary health effects are seen to increase.(4) Major concerns for human health from exposure to PM  include effects

on breathing and respiratory systems, damage to lung t issue, cancer and premature death. Elderly persons, children and people

with chronic lung disease, influenza or asthma are especially sensit ive to the effects of part iculate matter. T he urban air database

released by the World Health Organizat ion in September 2011 reported that  Delhi has exceeded the maximum PM  limit  by

almost  10-t imes at  198 μg/m , t railing in the third posit ion after Ludhiana and Kanpur.(5) Vehicular emissions and industrial

act ivit ies were found to be associated with indoor as well as outdoor air pollut ion in Delhi [T able 1].(6–9)

Table 1

Air pollutants in Delhi

Effects of Air Pollution on Health

A large number of studies in Delhi have examined the effect  of air pollut ion on respiratory funct ions and the associated

morbidity. T he most  comprehensive study among them was the one conducted by the Central Pollut ion Control Board in 2008,

which ident ified significant  associat ions with all relevant  adverse health outcomes.(10) T he findings were compared with a rural

control populat ion in West  Bengal. It  was found that  Delhi had 1.7-t imes higher prevalence of respiratory symptoms (in the past

3 months) compared with rural controls (P < 0.001); the odds rat io of upper respiratory symptoms in the past  3 months in Delhi

was 1.59 (95% CI 1.32-1.91) and for lower respiratory symptoms (dry cough,wheeze, breathlessness, chest  discomfort) was 1.67

(95% CI 1.32-1.93). Prevalence of current  asthma (in the last  12 months) and physician-diagnosed asthma among the

part icipants of Delhi was significant ly higher than in controls. Lung funct ion was reduced in 40.3% individuals of Delhi compared

with 20.1% in the control group. Delhi showed a stat ist ically significant  (P < 0.05) increased prevalence of restrict ive (22.5% vs.

11.4% in control), obstruct ive (10.7% vs. 6.6%) as well as combined (both obstruct ive and restrict ive) type of lung funct ions

deficits (7.1% vs. 2.0%). Metaplasia and dysplasia of airway epithelial cells were more frequent  in Delhi, and Delhi had the

greater prevalence of several cytological changes in sputum. Besides these, non-respiratory effects were also seen to be more in

Delhi than in rural controls. T he prevalence of hypertension was 36% in Delhi against  9.5% in the controls, which was found to

be posit ively correlated with respirable suspended part iculate matter (PM ) level in ambient  air. Delhi had significant ly higher

levels of chronic headache, eye irritat ion and skin irritat ion.

Several other community-based studies have found that  air pollut ion is associated with respiratory morbidity.(11–13) Numerous

studies have reported an associat ion between indoor air pollut ion and respiratory morbidity.(14–19)Some of these studies have

concentrated on children's respiratory morbidity.(15,17,19) Other studies in children have found similar correlat ions between

part iculate matter in ambient  air and at tent ion-deficit  hyperact ivity disorder(20) between vehicular air pollut ion and increased

blood levels of lead (a potent ial risk factor for abnormal mental development  in children)(21) and between decreased serum

concentrat ion of vitamin D metabolites and lower mean haze score (a proxy measure for ult raviolet-B radiat ion reaching the

ground).(22)

Studies that  have examined the compounding effect  of meteorological condit ions on air pollut ion found that  winter worsened the

air quality of both indoor air and outdoor air. T hey also found a posit ive correlat ion between the winter weather and rise in the
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number of pat ients with chronic obstruct ive airway disease in hospitals.(12,16)

T here was a relat ive paucity of studies that  measured outdoor air pollutant  levels first  hand and then tried to object ively correlate

them to adverse health effects. However, some studies measured air pollutant  levels and found a correlat ion with health-related

events.(17,19)

A t ime-series study on air pollut ion and mortality from Delhi found that  all-natural-cause mortality increased with increased air

pollut ion.(23) In another study, gaseous pollutants, in spite of being at  a level lower than the permissible level, showed more

consistent  associat ion with respiratory admissions.(24) In a hospital-based study, an increase in emergency room visits for

asthma, chronic obstruct ive airway disease and acute coronary events was reported with an increase in air pollutant  levels.(25)

T hese studies are summarized in T able 2.

Table 2

Effects of air pollution in Delhi on health

Control Measures Instituted by the Government of Delhi

T he nodal ministry for protect ing the environment  is the Ministry of Environment  and Forests at  the Centre and the

Department  of Environment  of the Government  of National Capital T erritory of Delhi. T he Central Pollut ion Control Board

set  up in 1974 under the Water Act  is the principal watchdog for carrying out  the funct ions stated in the environmental acts,

implementat ion of National Air Quality Monitoring Programme and other act ivit ies. T he Delhi Pollut ion Control Board is the

body responsible at  the state level.

From t ime to t ime, the judiciary has taken strong note of the deteriorat ing environmental condit ions in Delhi in response to

public lit igat ions. One of the earliest  such instances was the judgement  passed by the Supreme Court  of India to deal with the

acute problem of vehicular pollut ion in Delhi in response to a writ  pet it ion filed in 1985. Subsequently, it  ordered the shutdown

of hazardous, noxious industries and hot-mix plants and brick kilns operat ing in Delhi.

Vehicular Policy

Control measures so far inst ituted include introduct ion of unleaded petrol (1998), catalyt ic converter in passenger cars (1995),

reduct ion of sulfur content  in diesel (2000) and reduct ion of benzene content  in fuels (2000). Others include construct ion of

flyovers and subways for smooth t raffic flow, introduct ion of Metro rail and CNG for commercial t ransport  vehicles (buses, taxis,

auto rickshaws), phasing out  of very old commercial vehicles, introduct ion of mandatory “Pollut ion Under Control” cert ificate

with 3-month validity and stringent  enforcement  of emission norms complying with Bharat  Stage II/Euro-II or higher emission

norms. Introduct ion of T he Air Ambience Fund levied from diesel sales and set t ing up of st ringent  emission norms for industries

and thermal power stat ions are the other measures. Environmental awareness campaigns are also carried out  at  regular intervals.

T he Delhi Pollut ion Control Board conducts monthly Ambient  Air Quality Monitoring at  40 locat ions in Delhi, and takes

correct ive act ion wherever necessary.

Industrial Policy

T he first  Industrial Policy for Delhi was introduced in 1982. Subsequently, a second Industrial policy (2010–2021) was issued by

the Department  of Industries, Government  of Delhi. It  is a comprehensive document  envisioning higher industrial development

in Delhi, with one of its mandates being to develop clean and non-pollut ing industries and details of steps to be undertaken in this

direct ion have been described.

T here are many other organizat ions that  work synergist ically with the government  efforts to reduce air pollut ion. T hese include

the Centre for Science and Environment  and T he Energy and Resources Inst itute, and the Indian Associat ion for Air Pollut ion
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Control. Representat ives of the industries include Confederat ion of Indian Industry and Society of Indian Automobile

Manufacturers. Government  agencies like Factories Inspectorate are also involved in the control of pollut ion. Research and

academic inst itut ions include National Environmental Engineering Research Inst itute, Indian Inst itute of T echnology, Council of

Scient ific and Industrial Research inst itut ions, Indian Agricultural Research Inst itute and various other academic inst itut ions in

and around Delhi. Professional organizat ions like the Indian National Science Academy, the Indian Inst itute of Chemical

Engineers and the Indian Inst itute of Engineers are also involved in pollut ion control.

Benefits Accrued as a Result of Control Measures

Since the first  act  on pollut ion was inst ituted, huge progress has been made in terms of human resource, infrastructure

development  and research capability. Some studies t ried to gather evidence for the effect iveness of control measures by

comparing pre- and post-intervention health status. T he study conducted by the Central Pollut ion Control Board demonstrated

that  spending 8-10 h in clean indoor environment  can reduce health effects of exposure to chronic air pollut ion.(10) A recent

study found significant  improvement  in the respiratory health following large-scale government  init iat ives to control air

pollut ion.(26) It  was reported that  use of lower-emission motor vehicles resulted in a significant  gain in disability-adjusted life-

years in Delhi.(27) Another study found significant  evidence for reduct ion in respiratory illness following introduct ion of control

measures.(24)

Most  of the studies were ecological correlat ion studies, which are severely limited in their ability to draw causal inferences. But ,

considering the context  that  demanded the research, these were probably the best  available designs to produce preliminary

and,sometimes, policy-influencing evidences, as any other methodology would be unethical or operat ionally impossible.

Conclusion

T he Government  of National Capital T erritory of Delhi has taken several steps to reduce the level of air pollut ion in the city

during the last  10 years. T he benefits of air pollut ion control measures are showing in the readings. However, more st ill needs to

be done to further reduce the levels of air pollut ion. T he already exist ing measures need to be strengthened and magnified to a

larger scale. T he governmental efforts alone are not  enough. Part icipat ion of the community is crucial in order to make a

palpable effect  in the reduct ion of pollut ion. T he use of public t ransport  needs to be promoted. T he use of Metro rail can be

encouraged by provision of an adequate number of feeder buses at  Metro stat ions that  ply with the desired frequency. More

frequent  checking of Pollut ion Under Control Cert ificates needs to be undertaken by the civic authorit ies to ensure that  vehicles

are emit t ing gases within permissible norms. People need to be educated to switch-off their vehicles when wait ing at  t raffic

intersect ions. Moreover, the “upstream” factors responsible for pollut ion also need to be addressed. T he ever-increasing influx of

migrants can be reduced by developing and creat ing job opportunit ies in the peripheral and suburban areas, and thus prevent

further congest ion of the already-choked capital city of Delhi.

Health, as we all know, is an all-pervasive subject , lying not  only within the domains of the health department  but  with all those

involved in human development . Many great  scholars from Charaka to Hippocrates have stressed the importance of

environment  in the health of the individual. T herefore, all those who play a role in modifying the environment  in any way, for

whatever reason, need to contribute to safeguard people's health by controlling all those factors which affect  it .

Footnotes

Source of Support: Nil

Conflict of Interest: None declared.

Article information

Indian J Community Med. 2013 Jan-Mar; 38(1): 4–8.

doi:  10.4103/0970-0218.106617

PMCID: PMC3612296

http://dx.doi.org/10.4103%2F0970-0218.106617


9/11/2014 “Air pollution in Delhi: Its Magnitude and Effects on Health”

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3612296/ 5/6

SA Rizwan, Baridalyne Nongkynrih, and Sanjeev Kumar Gupta

Centre for Community Medicine, All India Institute of Medical Sciences, New Delhi, India

Address for correspondence: Dr. Baridalyne Nongkynrih, Centre for Community Medicine, All India Institute of Medical Sciences, Ansari Nagar, New Delhi,

India. E-mail: baridalyne@gmail.com

Received November 8, 2011; Accepted June 17, 2012.

Copyright : © Indian Journal of Community Medicine

This is an open-access article distributed under the terms of the Creative Commons Attribution-Noncommercial-Share Alike 3.0 Unported, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This article has been cited by other articles in PMC.

Articles from Indian Journal of Community Medicine : Official Publication of Indian Association of Preventive & Social Medicine are provided here courtesy of

Medknow Publications

References

1. [last accessed on 2011 September 20]. Available from: http://www.censusindia.gov.in/2011-provresults/data_files/delhi/0_PDFC-Paper-1-

2011%20NCT%20of%20 Delhi_9.pdf .

2. Cropper Maureen L, Simon Nathalie B, Alberini Anna, Sharma P. K. The World Bank Development Research Group. 1997. Dec, [last accessed

on 2011 September 20]. The Health Effects of Air Pollution in Delhi, India, Available from:

http://www.airimpacts.org/documents/local/WB_WPS1860_Delhi_AQ.pdf .

3. White Paper on Pollution in Delhi with an Action Plan, Ministry of Environment & Forests, Government OfIndia. 1997. [last accessed on 2011

September 20]. Available from: http://envfor.nic.in/divisions/cpoll/delpolln.html .

4. WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide, Global update 2005, Summary of risk assessment.

[last accessed on 2011 September 20]. Available from: http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf .

5. [last accessed on 2011 September 20]. Available from: http://www.who.int/phe/health_topics/outdoorair/databases/en .

6. Goyal R, Khare M. Indo air quality modelling for PM 10, PM 2.5, PM 2.5, and PM 1.0 in naturally ventilated classrooms of an urban Indian

school building. Environ Monit Assess. 2011;176:501–16. [PubMed]

7. Kumar A, Scott Clark C. Lead loadings in household dust in Delhi, India. Indoor Air. 2009;19:414–20. [PubMed]

8. Kumar A, Phadke KM, Tajne DS, Hasan MZ. Increase in inhalable particulates’ concentration by commercial and industrial activities in the

ambient air of a select Indian metropolis. Environ Sci Technol. 2001;35:487–92. [PubMed]

9. Balachandran S, Meena BR, Khillare PS. Particle size distribution and its elemental composition in the ambient air of Delhi. Environ Int.

2000;26:49–54. [PubMed]

10. Epidemiological Study on Effect of Air Pollution on Human Health (Adults) in Delhi, Environmental Health Series: EHS/1/2008, Central

Pollution Control Board, Ministry of Environment & Forests, Govt. of India. 2008. Aug, [last accessed on 2011 September 20]. Available from:

http://cpcb.nic.in/upload/NewItems/NewItem_161_Adult.pdf .

11. Chhabra SK, Chhabra P, Rajpal S, Gupta RK. Ambient air pollution and chronic respiratory morbidity in Delhi. Arch Environ Health.

2001;56:58–64. [PubMed]

12. Agarwal R, Jayaraman G, Anand S, Marimuthu P. Assessing respiratory morbidity through pollution status and meteorological conditions for

Delhi. Environ Monit Assess. 2006;114:489–504. [PubMed]

13. Jayaraman G, Nidhi Air pollution and associated respiratory morbidity in Delhi. Health Care Manag Sci. 2008;11:132–8. [PubMed]

14. Firdaus G, Ahmad A. Indoor air pollution and self-reported diseases - a case study of NCT of Delhi. Indoor Air. 2011;21:410–6. [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rizwan%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nongkynrih%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20SK%5Bauth%5D
mailto:dev@null
http://www.ncbi.nlm.nih.gov/pmc/about/copyright.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3612296/citedby/
http://www.censusindia.gov.in/2011-provresults/data_files/delhi/0_PDFC-Paper-1-2011%20NCT%20of%20Delhi_9.pdf
http://www.airimpacts.org/documents/local/WB_WPS1860_Delhi_AQ.pdf
http://envfor.nic.in/divisions/cpoll/delpolln.html
http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf
http://www.who.int/phe/health_topics/outdoorair/databases/en
http://www.ncbi.nlm.nih.gov/pubmed/20635200
http://www.ncbi.nlm.nih.gov/pubmed/19659889
http://www.ncbi.nlm.nih.gov/pubmed/11351718
http://www.ncbi.nlm.nih.gov/pubmed/11345737
http://cpcb.nic.in/upload/NewItems/NewItem_161_Adult.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11256858
http://www.ncbi.nlm.nih.gov/pubmed/16570222
http://www.ncbi.nlm.nih.gov/pubmed/18581819
http://www.ncbi.nlm.nih.gov/pubmed/21410536


9/11/2014 “Air pollution in Delhi: Its Magnitude and Effects on Health”

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3612296/ 6/6

15. Kumar R, Nagar JK, Kumar H, Kushwah AS, Meena M, Kumar P, et al. Indoor air pollution and respiratory function of children in Ashok

Vihar, Delhi: An exposure-response study. Asia Pac J Public Health. 2008;20:36–48. [PubMed]

16. Kulshreshtha P, Khare M, Seetharaman P. Indoor air quality assessment in and around urban slums of Delhi city, India. Indoor Air.

2008;18:488–98. [PubMed]

17. Saksena S, Singh PB, Prasad RK, Prasad R, Malhotra P, Joshi V, et al. Exposure of infants to outdoor and indoor air pollution in low-income

urban areas - a case study of Delhi. J Expo Anal Environ Epidemiol. 2003;13:219–30. [PubMed]

18. Sharma S, Sethi GR, Rohtagi A, Chaudhary A, Shankar R, Bapna JS, et al. Indoor air quality and acute lower respiratory infection in Indian

urban slums. Environ Health Perspect. 1998;106:291–7. [PMC free article] [PubMed]

19. Kumar R, Nagar JK, Kumar H, Kushwah AS, Meena M, Kumar P, et al. Association of indoor and outdoor air pollutant level with respiratory

problems among children in an industrial area of Delhi, India. Arch Environ Occup Health. 2007;62:75–80. Summer. [PubMed]

20. Siddique S, Banerjee M, Ray MR, Lahiri T. Attention-deficit hyperactivity disorder in children chronically exposed to high level of vehicular

pollution. Eur J Pediatr. 2011;170:923–9. [PubMed]

21. Kalra V, Chitralekha KT, Dua T, Pandey RM, Gupta Y. Blood lead levels and risk factors for lead toxicity in children from schools and an

urban slum in Delhi. J Trop Pediatr. 2003;49:121–3. [PubMed]

22. Agarwal KS, Mughal MZ, Upadhyay P, Berry JL, Mawer EB, Puliyel JM. The impact of atmospheric pollution on vitamin D status of infants

and toddlers in Delhi, India. Arch Dis Child. 2002;87:111–3. [PMC free article] [PubMed]

23. Rajarathnam U, Sehgal M, Nairy S, Patnayak RC, Chhabra SK, Kilnani, et al. HEI health review committee. Time-series study on air

pollution and mortality in Delhi. Res Rep Health Eff Inst. 2011:47–74. [PubMed]

24. Nidhi, Jayaraman G. Air quality and respiratory health in Delhi. Environ Monit Assess. 2007;135:313–25. [PubMed]

25. Pande JN, Bhatta N, Biswas D, Pandey RM, Ahluwalia G, Siddaramaiah NH, et al. Outdoor air pollution and emergency room visits at a

hospital in Delhi. Indian J Chest Dis Allied Sci. 2002;44:13–9. [PubMed]

26. Foster A, Kumar N. Health effects of air quality regulations in Delhi, India. Atmos Environ. 2011;45:1675–83. [PMC free article] [PubMed]

27. Woodcock J, Edwards P, Tonne C, Armstrong BG, Ashiru O, Banister D, et al. Public health benefits of strategies to reduce greenhouse-gas

emissions: Urban land transport. Lancet. 2009;374:1930–43. [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/19124297
http://www.ncbi.nlm.nih.gov/pubmed/19120499
http://www.ncbi.nlm.nih.gov/pubmed/12743616
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1533083/?report=reader
http://www.ncbi.nlm.nih.gov/pubmed/9560355
http://www.ncbi.nlm.nih.gov/pubmed/18316264
http://www.ncbi.nlm.nih.gov/pubmed/21191614
http://www.ncbi.nlm.nih.gov/pubmed/12729296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1719192/?report=reader
http://www.ncbi.nlm.nih.gov/pubmed/12138058
http://www.ncbi.nlm.nih.gov/pubmed/21648204
http://www.ncbi.nlm.nih.gov/pubmed/17394093
http://www.ncbi.nlm.nih.gov/pubmed/11845928
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3068847/?report=reader
http://www.ncbi.nlm.nih.gov/pubmed/21461142
http://www.ncbi.nlm.nih.gov/pubmed/19942277

