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POLLUTION - DEFINITION

Derived from Latin verb polluere

The presence in or introduction into the environment 

of a substance which has harmful or poisonous effects

Oxford English Dictionary, Second Edition



Diseases and key environmental factors

Infectious diseases

Respiratory 
infections 

Household and ambient air pollution, second-hand tobacco smoke

Noncommunicable diseases

Cancers Household and ambient air pollution, second-hand tobacco smoke, 
ionizing radiation, UV radiation, chemicals

Cataract UV radiation, household air pollution

Cardiovascular 
diseases 

Household and ambient air pollution, second-hand tobacco smoke, 
exposure to lead, stressful working conditions, shift work

Chronic obstructive 
pulmonary disease 

Household air pollution, ambient air pollution, exposure to dusts in 
the workplace

Asthma Air pollution, second-hand tobacco smoke, indoor exposure to mould 
and dampness, occupational exposure to allergens

Preventing disease through healthy environments: a global assessment of the burden of 
disease from environmental risks: Annette Prüss-Üstün et al; WHO 2016



Fraction of deaths and DALYs attributable to 
the environment globally

Preventing disease through healthy environments: a global assessment of the burden of 
disease from environmental risks: Annette Prüss-Üstün et al; WHO 2016

DALY: Disease Adjusted Life Years



Disease DALY % Attributable to environment

LRTI 52 million 35%

Cancers 49 million 20%

Cardiovascular diseases 119 million 31%

Chronic obstructive 
pulmonary disease 

32 million 35%

Asthma 11 million 44%

Fraction of DALYs attributable to the 
environment globally

Preventing disease through healthy environments: a global assessment of the burden of disease from environmental 
risks: Annette Prüss-Üstün et al; WHO 2016



Disease burden of air pollution

8 million deaths  

Air pollution

4.2 million

Outdoor(ambient) air 
pollution

1.03 million – China

0.6 million - India

3.8 million

Indoor air 
pollution

http://www.who.int/airpollution/ambient/health-impacts/en/ 2016



• Worldwide ambient air pollution accounts for:
– 25% of all deaths and disease from lung cancer

– 17% of all deaths and disease from acute lower respiratory 
infection

– 16% of all deaths from stroke 

– 15% of all deaths and disease from ischemic heart disease 

– 8% of all deaths and disease from chronic obstructive 
pulmonary disease 

• Nearly 90% of air pollution related deaths occur in low-
and middle-income countries, 2/3rd in SEAR and 
western pacific region.

http://www.who.int/airpollution/ambient/health-impacts/en/2016

Disease burden of air pollution



• 98% of the cities in the low- and medium 
income countries (and 56% in high-income 
countries) with population >0.1 million do not 
meet WHO air quality guidelines

• More than 3 billion people worldwide rely on 
polluting technologies and fuels for household 
cooking, heating and lighting

http://www.who.int/airpollution/ambient/health-impacts/en/ 2016



Countries with the most polluted 
urban areas

https://www.telegraph.co.uk/travel/maps-and-graphics/most-polluted-countries/

S.no. Country name Average PM 2.5 
concentration

1 Pakistan 115.7

2 Qatar 92.4

3 Afghanistan 86

4 Bangladesh 83.3

5 Egypt 73

6 UAE 64

7 Mongolia 61.8

8 India 60.6

9 Bahrain 56.1

10 Nepal 50



Pollution statement in India

• 14 out of world's 20 most polluted cities in 
India

• Delhi and Varanasi are among the 14 Indian 
cities that figured in a list of 20 most polluted 
cities in the world in terms of PM2.5 levels in 
2016

WHO's global urban air pollution database 2016





Air pollution - Sources

• Stationary 

– Factories

– Waste incinerators

– Biomass burning

• Mobile

– Vehicles(road vehicles, trains, ships, aircraft etc)

WHO Air Quality Guidelines, Global Update 2005, updated 2014



Air pollution - Sources

Point sources Line sources Area sources 

Industries Vehicles Domestic heating of coal

WHO Air Quality Guidelines, Global Update 2005, updated 2014

• Point source – large stationary; industries, 
power plants

• Area source – small stationary, mobile source 
with indefinite routes; cluster of point sources

• Line source – mobile source with definite 
routes; vehicles travelling along highways, 
railroads



Natural Sources of Air Pollution

• Methane

• Dust

• Volcanic eruption

WHO Air Quality Guidelines, Global Update 2005, updated 2014



Natural Sources of Air Pollution

• Methane: emitted by the digestion of food 
by animals, waste deposition in landfills
– Highly flammable, may form explosive mixtures with 

air

– Also an asphyxiant and may displace oxygen in an 
enclosed space

• Dust: large areas of land with few or no 
vegetation

• Volcano: Andaman, Deccan plateau (Western Ghats)
– contribute to SO2 release, chlorine and ash

WHO Air Quality Guidelines, Global Update 2005, updated 2014



Forest fires

• Natural source of air pollution

• Garhwal Himalayas, 

Uttaranchal and Himachal

• Also leads to loss of forest 

cover

Marlon et al ‘Climate and human influences on global biomass burning over the past two millennia’ Nature
Geoscience 2008 1 (10): 697–702



Air Pollution - Pollutants

Pollutants

Primary

Sulphur dioxide

Oxides of Nitrogen

Particulate matter

Carbon monoxide

Volatile organic compounds

Secondary

Ground level 
ozone

Smog



Sulphur dioxide

• Sources:

– Burning fossil fuels: coal, crude oil, diesel – motor vehicles, 

power plants, industries, domestic heating

– Smelting metals

– Volcanoes

WHO Air Quality Guidelines, Global Update 2005; updated in 2014



Sulphur dioxide

• Effects:

– Acute – respiratory irritant

– Chronic – aggravates asthma and chronic bronchitis, 

mortality from cardiac diseases

– Acid rains

WHO Air Quality Guidelines, Global Update 2005; updated in 2014



Oxides of Nitrogen

• Types: Nitric oxide, nitrogen dioxide, nitrous oxide, nitrate 

etc.

• Sources:

– Combustion of coal 

– High temperature combustion (road traffic and electricity 

generation) 

WHO Air Quality Guidelines, Global Update 2005; updated in 2014



Oxides of Nitrogen

• Effects:

– Worsening of asthma, irritation of respiratory tract

– Ozone formation

– nitrate aerosols - important fraction of PM2.5

WHO Air Quality Guidelines, Global Update 2005; updated in 2014



Ozone – layers of atmosphere

Physiological

Pathological



Ozone – a double edged sword

Ozone as a pollutant

Ozone 



Ozone formation

Ozone 



Ground level Ozone

• Photochemical reaction between nitrogen oxides and volatile 

organic compounds 

• Component of photochemical smog

• Effects: Respiratory morbidity, accelerates atherosclerosis

WHO Air Quality Guidelines, Global Update 2005; updated in 2014



Particulate matter(PM)

• Complex mixture of solid and liquid particles 

suspended in air

• Sources of PM: motor vehicles, power plants, 
residential wood burning, forest fires, agricultural 
burning, other combustion processes

• 3 fractions: 

– 1) Coarse fraction, PM10(2.5-10um)

– 2)Fine fraction,PM2.5(0.1-2.5um)

– 3)Ultrafine nanosize fraction, PM0.1(≤0.1um)

WHO Air Quality Guidelines, Global Update 2005; updated in 2014



Particulate matter(PM)

•Coarse fraction : mostly deposited along the large airway 
due to gravity and is relatively easy to be cleaned by 
mucociliary clearance
• Fine fraction : more potent; small enough to be 
aspirated into alveoli, absorbed into lung vascular 
endothelial cells, and transported into the systemic 
circulation
• Nanosize particles : can penetrate through the air-blood 
tissue barrier into the capillaries after being deposited on 
the alveolar wall, and thereby translocate to all other 
organs



Particulate matter(PM)

• Capable of penetrating deep into lung passageways 

and entering the bloodstream causing cardiovascular, 

cerebrovascular and respiratory impacts

• Classified as a cause of lung cancer by WHO’s 

International Agency for Research on Cancer, 2013 

(IARC)



Organic Compounds

• Carbon monoxide

• Benzene

• Polycyclic aromatic hydrocarbons (PAH)

• Vinyl chloride

• Dichloromethane

• Diesel exhaust particles(DEP)



Carbon monoxide

• Source – incomplete combustion of petrol in road 

vehicles; smoking especially poorly ventilated areas



Carbon monoxide

• Effects:

– Acute – hypoxia due to carboxyhemoglobin

– Chronic - May contribute to cardiovascular mortality

– Maternal smoking is related to low birth weight

• Guidelines: 100 mg/m3 (90 ppm) for 15 minutes

1 - Air quality criteria for carbon monoxide. Washington, DC, US Environmental Protection Agency, 1991 (Publication EPA-600/B-90/ 045F).
WHO Air Quality Guidelines, Global Update 2005; updated in 2014



Benzene

• Sources:

– cigarette smoke

– combustion and evaporation of benzene-containing petrol 

– petrochemical industries

– combustion processes

• Effects: bone marrow depression, leukemia



Polycyclic aromatic hydrocarbons

• Includes Benzo[a]pyrene (BaP), Benzanthracene, Naphthalene 

etc

• Sources: incomplete combustion of wood, coal; automobile, 

industries, tobacco

• Effects: carcinogenic



• Pollutants with the strongest evidence for 
public health concern, include particulate 
matter (PM), ozone (O3), nitrogen dioxide 
(NO2) and sulphur dioxide (SO2) 

• The health risks associated with particulate 
matter of less than 10 and 2.5 microns in 
diameter (PM10 and PM2.5) are especially well 
documented

http://www.who.int/airpollution/ambient/health-impacts/en/ 2016



Health Effects of Air Pollution
• Vascular 

– Coronary Artery Disease

– Hypertension

– Heart failure

– Cerebrovascular diseases

• Respiratory

– Exacerbation of COPD

– Asthma

– Lung cancer

– Reduction in FEV1/FVC

– Upper and lower resp. tract 

infections

– ILD exacerbation

• Children

– Recurrent infections

– Developmental delay

– Shortened life span

• Pregnant females

– Abortion

– Low Birth Weight



Air Pollution And Pulmonary Effects

Air pollutants exert their detrimental effects on 
airways and lungs by :

• Attenuating ciliary activity of airway epithelial cells

• Increasing permeability of airway epithelium that 

leads to inflammatory changes

• Triggering oxidative pathway

• Modulating cell cycle and cell death of respiratory 

system

Bayram H et al. Clin Exp Allergy. 2002;32:1285-92
Bayram H et al. Toxicol Lett. 2013;218:215-23
Manzo ND et al. Part Fibre Toxicol. 2012;15:9-43



Air Pollution and lung cancer
Carcinogens include:

• Smoking

• Passive smoking

• Diesel exhaust

• Particulate matter

• Outdoor air pollution

1 Alberg AJ et al Epidemiology of lung cancer: Diagnosis and management of lung cancer, 3rd ed: American College of Chest 
Physicians evidence-based clinical practice guidelines. Chest 2013
2 Vermeulen et al Exposure-response estimates for diesel engine exhaust and lung cancer mortality based on data from 
three occupational cohorts. Environ Health Perspect 2014;122: 172–77
3 Raaschou – Nielsen Air pollution and lung cancer incidence in 17 European cohorts: prospective analyses from the 
European Study of Cohorts for Air Pollution Effects (ESCAPE). Lancet Oncol 2013;14: 813–22
IARC- International Agency for Research on Cancer WHO 2013



Air Pollution and lung cancer

• Type of lung cancer

– Smoking – squamous and small cell type

– Particulate matter – Adenocarcinoma

– Environmental tobacco smoke – Small cell lung cancer

• Each10 g/m3 increase in concentration of fine 
particles carries an increased lung cancer risk of 14%

IARC- International Agency for Research on Cancer WHO 2013
Sapkota et al ‘indoor air pollution from solid fuels and risk of hypopharyngeal / lung cancers/; a multicentric case 
control study from India’ Intl J Epidemiol 37(2) 321-8



Air Pollution and asthma

•  Short-term exacerbations in those who already have 
respiratory allergies (i.e. asthma and rhinitis)

• Asthma exacerbations (measured as visits to 
emergency departments) have been frequently 
reported on days with higher levels of Ozone and 
other pollutants

• Whether air pollutants play a role in the initiation of 
new cases of asthma in those previously free from 
the condition is less clear

Siddique et al ‘Effect of air pollution on Incidence of Asthma: A case study in children’ Environ We Int J Sci Tech 2010 163-
175
Modig et al ‘Vehicle exhausts outside the home and onset of asthma among adults’ Eur Respir J 2009 33(6):1261
Weisel C et al. Environ Health Perspect. 1995;103(suppl 2):97-102



Air Pollution and asthma

• Few studies have suggested role of air pollution 
in development of asthma

• In a chinese study environmental tobacco smoke 
and chemical emissions from new furniture were 
risk factors for asthma and for wheeze and 
daytime breathlessness.

• Another study shown male children without 
allergic predisposition had increased 
susceptibility to the adverse impact of air 
pollution on asthma

Dong GH, Chen T, Liu MM, et al. Gender diff erences and eff ect of air pollution on asthma in children with and without allergic predisposition: 
northeast Chinese children health study. PLoS One 2011.
Jiang XQ, Mei XD, Feng D. Air pollution and chronic airway diseases: what should people know and do? J Thorac Dis 2016; 8: E31–40



Air Pollution and COPD

• Acute exacerbations of COPD are linked to increased 
air pollution

• Most studies have focused on the role of air 
pollution in triggering symptoms and exacerbations, 
i.e. the short-term (acute or subacute) effects of air 
pollution

• The role of air pollution in the long-term 
development of the pathophysiological changes that 
characterize COPD are far less clear and inconsistent

ATS and HEI review 2008



Air Pollution and Respiratory infections

• Antenatal exposure to air pollution may increase 
vulnerability of infants to respiratory infections. 

• A prospective birth cohort study of 214 children 
where pregnant mothers exposed to greater 
levels of outdoor PM2.5 gave birth to children 
who were 120 g lighter at birth.

• Those in the top tertile subsequently experienced 
more episodes of recurrent bronchitis and 
pneumonia with respect to those in the lower 
tertiles over the 7 year follow-up 

Jedrychowski WA et al. Intrauterine exposure to fine parti- culate matter as a risk factor for increased susceptibility to acute broncho- pulmonary 
infections in early childhood. Int J Hyg Environ Health 2013; 216:395–401



Air Pollution and Respiratory infections

• In a meta-analysis of 10 European birth 
cohorts from the ESCAPE project in 16,059 
children PM10 and traffic exposure were 
significantly associated with an increased risk 
of pneumonia

Macintyre EA, Gehring U, Molter A. et al Air pollution and respiratory infec-tions during early childhood: An analysis of 10 
european birth cohorts within the escape project. Environ Health Perspect 2013;22:22.





Kanpur Study

• Pollution loads/emissions were estimated for SO2, PM, 

and nitrogen oxides (NOx)

• Respiratory diseases were estimated from total number 

of registered respiratory patients visits to the chest and 

tuberculosis hospital (Lala Lajpat Rai Hospital).

• The relative number of hospital visits due to respiratory 

disease/symptoms was compared between the 4 

clusters.





• The relative number of patients who visited the hospital 
per number of inhabitants in each cluster was much 
higher in the highly polluted regions (clusters 3 and 4) 
than in the less polluted regions (cluster 1) 

• A strong correlation was found between visits to a 
hospital due to respiratory disease and emission strength 
in the area of residence.



Air Pollution And Pulmonary Effects

• Similarly, in a study carried out in Lucknow, the 
average levels of PM10 and PM2.5 were above the 
permissible limits laid by WHO at densely populated 
and roadside sites. 

• Indoor AQI range was alarming with the values of 
302 and 209 in some areas. 

• 46% of urban people suffered from acute respiratory 
infections like bronchial asthma, headache, 
depression and dizziness and these people were 
mostly from Roadside colonies.

Lawrence A, Urban air pollution & its assessment in Lucknow City--the second largest city of 
North India. Sci Total Environ. 2014 Aug 1;488-489:447-55.



Air Pollution and Pneumoconiosis 
• Reported in Ladakh

• Pneumoconiosis like picture despite absence of industries or 

mines

• Factors responsible –

– Dust storms especially in spring

– Soot exposure – minimum ventilation due to severe cold and use of wood 

for warmth

• Gujjar lung: anthracotic lung nodules and miliary mottling due to 

exposure to wood smoke

ICMR Bulletin 2001  ‘ Indoor air pollution in India – A major concern’ Saiyed et al ‘non occupational pneumoconiosis 
at high altitude villages in central Ladakh’ Br J Industr Med 1991 
Hassan et al ‘Gujjar Lung; A disease mimicking Tuberculosis’ Chest 2008 Jan 2(1) 105-108



Simkhovich et al J Am Coll Cardiol. 2008;52(9):719-726.

ROS – Reactive 
Oxygen Species
CRP – C Reactive 
Protein
TNF – Tumor
Necrosis Factor
IL - Interleukin

Air Pollution and Cardiovascular Diseases



Air Pollution and Cardiovascular 
Diseases

• Long-term exposure to high concentrations of 
air pollutants has been associated with risk of 
myocardial infarction and stroke.

• Increased concentrations of PM2·5 and traffic-
related air pollution, are associated with 
progression in coronary calcification, 
consistent with acceleration of atherosclerosis 

Joel D Kaufman : Association between air pollution and coronary artery calcification within six metropolitan areas in the USA (the Multi-
Ethnic Study of Atherosclerosis and Air Pollution):a longitudinal cohort study; Lancet 2016
Hoek G, Krishnan RM, Beelen R, et al. Long-term air pollution exposure and cardio- respiratory mortality: a review. Environ Health. 2013; 
12:43 



Air Pollution and Cardiovascular 
Diseases

• Many international as well as indian studies suggest causal 

relationship between air pollution and cardiovascular 

disorders.

• Nautiyal et al(2007) compared cardiac symptoms and ECG 

findings in a study of 200 people living in industrial Vs rural 

areas of Delhi and correlated with outdoor air pollutant 

levels.

– Significant higher prevalence of anginal symptoms and 
ECG abnormalities in people living in industrial areas



Air Pollution and Cardiovascular 
Diseases



Air Pollution and Cardiovascular 
Diseases







Observational study on emergency room visits to All India 

Institute of Medical Sciences Hospital, New Delhi for acute 

exacerbation of chronic obstructive airways disease, acute 

severe asthma, and acute coronary event in relation to the levels 

of ambient air pollution during the period Jan 1 1997 to Dee 

31st 1998

Measurement of pollutant levels were made by the Central 

Pollution Control Board (CPCB)





•Significant direct correlation was observed amongst all the pollutants. It 

was strongest between SO2 and NO2. 

•They were all negatively correlated with temperature but bore no 

correlation with humidity. 

•Cardiorespiratory events were positively correlated with the levels of 

all the four pollutants measured(TSP,CO,NO2,SO2) and relative humidity, 

and negatively correlated with temperature.



• The odds of extra-events calculated from multivariable Poisson 

regression model. 

• Almost one fourth of these events could be attributed to the 

ambient levels of pollutants exceeding the upper limits 

recommended for Delhi by the CPCB. 

• The risk was the greatest for acute exacerbation of chronic 

obstructive lung disease, acute coronary events and followed by 

asthma.



Cardiopulmonary Effects of Air 
Pollution

• Outdoor air pollution is important cause of cardiovascular 

morbidity and mortality.

• Diseases like hypertension, ishemic heart disease to 

emergencies like acute coronary syndrome and stroke.

• Various pulmonary disorders ranging from exacerbation of pre-

existing diseases to increased incidence of lung cancer, leading 

to increased hospital visits and mortality.



Air Quality Standards



WHO Guideline values for levels of 
pollutants

WHO Air Quality Guidelines, Global Update 2005; updated in 2014



Revised National Ambient Air Quality 
Standards 2009



Revised National Ambient Air Quality 
Standards 2009



Air Quality Index

• Transforms the values of individual air pollution related 

parameters into a single number or set of numbers 

• Includes CO, NO2 , SO2 , PM2.5, PM10, O3 , NH3 and Pb

CO – Carbon Monoxide; NO2 Nitrogen Dioxide; SO2 Sulphur Dioxide; PM2.5, PM10 – Particulate 
matter; O3 – Ozone; NH3 – Ammonia; Pb - Lead



Air Quality Index



Air Quality Index

•Current AQI of Chandigarh is 52(Satisfactory)



Air Pollution – Prevention and Control

• Government level:

• Formation of pollution 

control commitees and Laws

• Ban on outdated vehicles

• Promotion of clean fuels

• Smoking awareness 

programmes

• Reforestration

• Alternate sources of energy 

e.g. Solar energy

• Subject level:

• Carpooling

• Use of public transport

• Avoid usage of biomass

• Use of air filters, face masks and 

restriction of outdoor activities 

during hazy days

• Early medical help in vulnerable 

groups 

• Supplemental foods



Indian laws on air pollution

• Agencies responsible for air quality standard creation 

and monitoring:

– Central Pollution Control Board(CPCB) and several State 

Pollution Control Boards (SPCBs)

• The CPCB, working in collaboration with the SPCBs, 

provides technical advice to Ministry of Environment 

and Forest (MoEF) in order to fulfill the objectives 

outlined in the Air Act of 1981



Indian laws on air pollution

• Air Act of 1981
The Air Act mandates the CPCB and SPCBs to :
• Establish national ambient air quality standards for 

criteria pollutants,
• Assist government in planning future environmental 

prevention and control strategies,
• Carry out research to better understand environmental 

issues,
• Undertake nationwide air sampling to ascertain the 

ambient air quality in India and identification of the 
problem areas,

• Conduct air quality inspections in areas of concern.



Air Pollution – Prevention and Control

• National Green Tribunal

– Enacted in 2010

– Special tribunal for expeditious disposal of 
cases pertaining to environmental issues

–Notable orders 
• Ban on decade old diesel vehicles in Delhi

• Implementation of BS-IV norms

• Yamuna conservation zone

• Restricted the number of vehicles at Rohtang pass 
(Manali) to 1000 per day



Alternative Sources of Energy

• Solar energy is the ideal source of energy

– No carbon dioxide emission

– No need of any dramatic landform changes that 
could predispose to ecological imbalance

• Other: wind, water, gobar gas



Air Pollution – Prevention and Control

• Use of LPG instead of biomass burning

• Improving ventilation of homes – chimneys / window 

above cooking stove



Dublin study

Background: Particulate air pollution episodes have been
associated with increased daily death. 
However, there is little direct evidence that diminished particulate 
air pollution concentrations would lead to reductions in death rates. 
Study assessed the effect of air pollution controls—ie, the ban on
coal sales—on particulate air pollution and death rates in Dublin

Lancet 2002; 360: 1210–14



Dublin study

• Average black smoke concentrations in Dublin declined 
by 35·6 g/m3 (70%) after the ban on coal sales

• Adjusted non-trauma death rates decreased by 5·7% 
(95% CI 4–7, p<0·0001), respiratory deaths by 15·5 
(12–19, p<0·0001), and cardiovascular deaths by 
10·3% (8–13, p<0·0001)

Lancet 2002; 360: 1210–14



Dublin study

• Respiratory and cardiovascular standardised death 

rates fell coincident with the ban on coal sales

• 116 fewer respiratory deaths and 243 fewer 

cardiovascular deaths per year

• Thus, control of particulate air pollution could 

substantially diminish daily death

Lancet 2002; 360: 1210–14



Measures At Subject Level



Air Filter

• Environmental protection agencies advise members of the 

public to remain indoors on high air pollution days.

• Infiltration rates vary widely due to differences in building 

structures, ambient environmental conditions and outdoor-

to-indoor air transport.

• Closed windows, with use of air conditioning can reduce air 

exchange rates by about 50%.

Laumbach R; What can individuals do to reduce personal health risks from air pollution?J Thorac Dis 2015;7(1):96-107



Air Filter

• However, staying indoors may potentially 
increase personal exposures and health risks 
from indoor air pollutants.

• Air filters reduce concentrations of indoor air 
pollutants, of either outdoor or indoor origin.

• Central or portable

• Efficacy: Reduction in Indoor/outdoor 
(I/O)ratio of pollutants

Laumbach R; What can individuals do to reduce personal health risks from air pollution?J Thorac Dis 2015;7(1):96-107



Air Filter

Air Filter Efficacy

1-inch pleated media filters 32.5%

5-inch pleated media filters 75-80%

Electrostatic air cleaner 94%

HEPA(high efficiency particle air) filter 98%

Portable cleaner with HEPA filter 65%

Laumbach R; What can individuals do to reduce personal health risks from air pollution?J Thorac Dis 2015;7(1):96-107
Macintosh DL et al. The benefits of whole-house in-duct air cleaning in reducing exposures to fine particulate matter of 
outdoor origin: a modeling analysis. J Expo Sci Environ Epidemiol 2010;20:213-24.



Face masks/Respirators

• The ability of a respirator to remove 
contaminants from inhaled air depends on the 
contaminant, type of filter or adsorbent 
material, respirator type, conditions of use 
and quality of face seal.

• Ideal face mask- ‘Protection factor’ of 10

– i.e. reduce the concentration of the air 
contaminant inside the facepiece to ≤10% of the 
concentration outside the facepiece.



Face masks/Respirators

• Few commercial face masks (e.g. N95 masks) can 
effectively filter outdoor PM.

• Limited evidence suggests that the use of negative 
pressure air-purifying respirators under experimental 
conditions may reduce cardiovascular risks from 
exposure to urban PM.



Face masks/Respirators

Background: Air pollution exposure increases cardiovascular morbidity 
and mortality and is a major global public health concern.

Objectives: We investigated the benefits of reducing personal exposure 
to urban air pollution in patients with coronary heart disease.

Environ Health Perspect 2012;120:367-72.



Face masks/Respirators

Methods: Open randomized crossover trial.

• 98 patients with coronary heart disease 

• Walk on a predefined route in central Beijing, China for 
2 hours.

• Once while using a highly efficient face mask(Dust 
Respirator 8812; 3M, St. Paul, MN, USA) , and once 
without mask, at least 1 week apart.

• Symptoms, exercise, personal air pollution exposure, 
blood pressure, heart rate, and 12-lead 
electrocardiography were monitored.

Environ Health Perspect 2012;120:367-72.



Face masks/Respirators

Environ Health Perspect 2012;120:367-72.



Face masks/Respirators

Environ Health Perspect 2012;120:367-72.



Face masks/Respirators

Environ Health Perspect 2012;120:367-72.



Face masks/Respirators

Results: Ambient air PM2.5 was at high levels [74 μg/m3.

• The face mask was well tolerated, and its use was 

associated with decreased self-reported symptoms and 

reduced maximal ST segment depression (–142 vs. –156 

μV, p = 0.046) over the 24-hr period. 

• When the face mask was used during the prescribed 

walk, mean arterial pressure was lower (93 ± 10 vs. 96 ±

10 mmHg, p = 0.025) and heart rate variability increased 

(high-frequency power: 54 vs. 40 msec2, p = 0.005; 

high-frequency normalized power: 23.5 vs. 20.5 msec, p 

= 0.001; root mean square successive differences: 16.7 

vs. 14.8 msec, p = 0.007). Environ Health Perspect 2012;120:367-72.



Face masks/Respirators

• Conclusions: Reducing personal exposure to air 

pollution using a highly efficient face mask appeared 

to reduce symptoms and improve a range of 

cardiovascular health measures in patients with 

coronary heart disease. 

Environ Health Perspect 2012;120:367-72.



Face masks/Respirators- Drawbacks

• Efficacy with gaseous pollutants controversial

• Prolonged wearing (>2 h) can readily lead to 

breathlessness in healthy individuals.

• Other adverse effects: higher face temperature at 

rest and exercise, feeling of anxiety and 

claustrophobia, incomplete fit with dense facial hair 

as well as social issues with communication



Dietary recommendations

• Some studies have shown role of Vitamin C, E and N-
Acetyl Cysteine in reducing nasal inflammation and 
airway hyper-responsiveness.

• A chinese study has proposed possible role of 
broccoli via generation of chemopreventive agent, 
sulforaphane, an inducer of glutathione S-
transferases (GSTs).

• However, no studies available to suggest definite 
clinical benefit of these agents in mitigating pollution 
related health disorders.



Take home message
• Air Pollution is a major health problem

• There are natural as well as manmade sources of pollution

• Myriad effects from infections, noncommunicable diseases 

including acute coronary syndrome and cancer leading to 

shortening of life span 

• Potential health benefits with pollution control strategies at 

community as well as individual level

• Need to fight together to control this menace


