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10,000 lts of air pass in 
and out of the lungs every 
24 hours.

1000000000000 particles 
enter into lungs daily

150 m2 - Surface area 
exposed to the external 
environment

10,000 lts of blood pass 
through the lungs every 24 
hours.

AIR POLLUTION AND THE LUNG



  

Relative emissions from petrol cars and diesel cars

Pollutant Petrol Diesel

Carbon dioxide ++++ +
Carbon monoxide +++ ++
Benzene +++ ++

Nitrogen oxides + ++
Hydrocarbons ++ +++
Aldehydes ++ +++
Sulphur dioxide + ++++
PAHs + ++++
Particulate matter* + ++++

* Diesel engines generate up to 1400 times more particles than petrol engines

RUDOLF DIESEL
(1858-1913)



  

EXPOSURE OF HEALTHY HUMAN SUBJECTS 
TO DIESEL EXHAUST FOR 1 HOUR

Air Diesel
T lymphocytes
Epithelium 3.8 23.5
Sub-mucosa 5.9 24.5

Neutrophils
Epithelium 0.83 3.69
Sub-mucosa 21.8 59.9

1 hour exposure to diesel exhaust caused a significant cellular 
inflammatory response in the airways

Salvi S et al, Am J Resp CCM 1999; 159: 702-709

Air

Diesel

Cellular and molecular changes in 
the lung tissue



  

• Who are the people that are 
exposed to high levels of air 
pollution on a daily basis?

• What is the health impact of 
exposure to air pollution?



  323 traffic policemen; 122 non-traffic policemen

PUNE TRAFFIC POLICEMEN STUDY



  

Respiratory 
questionnaire

Lung Function tests

Lung 
Oxidative 

stress



  

Traffic P Non-traffic P

FEV1 3.19 2.94

FVC 3.69 3.36

PEFR 7.63 7.22

DIFFERENCES IN LUNG FUNCTIONS 
BETWEEN TRAFFIC AND NON-TRAFFIC 

POLICEMEN

Traffic policemen show better lung function than 
non-traffic policemen



  

Our lungs produce CO in 
response to oxidative stress, 
which is largely mediated by air 
pollutants and inflammation in 
the lungs.
This can be measured in the 
exhaled breath

Breath exhaled CO is a useful 
non-invasive marker of 
oxidative stress in the lungs

MEASURING OXIDATIVE STRESS IN THE 
LUNGS
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Evidence of oxidative stress in peripheral blood of traffic 
policemen from Hyderabad city, India

(Suresh Y et al, Environmental Pollution 2000; 109: 321-325)



  

Bus journey from Yerawada to Hadapsar
(Gaseous pollutants encountered on the way)

(Chest Research Foundation, 2005)



  

• To measure and compare the levels of 
exhaled carbon monoxide in bus drivers and 
university staff members.

• To measure the levels of exhaled CO during 
the beginning, middle and end of their duties

• Is there an association between exhaled CO 
levels and respiratory symptoms?

AIMS OF THE STUDY



  

STUDY POPULATION
• PMT drivers: (n = 256)

- Permission from the Municipal Commissioner
- Bus drivers from 9 busy bus stations from Pune city were 
approached.
- Consent was obtained
- Administered a questionnaire (demography, work details, 
smoking status and respiratory health assessment)
- Exhaled breath CO levels measured.

• Control group: (n = 150)
- Pune University Staff Members
- Same approach as above



  

3 exhaled CO readings

First reading taken prior to 
the beginning of the shift

Second reading after 
approximately 4 hours

Third reading at the 
completion of the shift
Bus drivers from both morning 
and evening shifts were recruited 
into the study

Exhaled CO levels of University staff members were measured 
only once 
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1.33 (0.7-2.5)13.6710.67Cough

2.44 (1.2-5.0)14.846.67Wheeze

2.45 (1.1-5.5)12.115.33Chest 
tightness

4.95 (2.5-9.7)28.137.33Blocked / 
Runny nose

Odds ratio 
(CI)

PMT drivers
(%)

University 
Staff (%)

Symptom

RESPIRATORY SYMPTOMS IN BUS DRIVERS AND 
UNIVERSITY STAFF MEMBERS

(Chest Research Foundation, 2005)



  

↑ ↑ IgE ↑↑ ↑ ↑ IgE
(50-fold increase)

INTERACTIONS OF DIESEL EXHAUST PARTICLES 
WITH ALLERGENS
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Do not forget

Indoor air pollution
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INDOOR LEVELS OF PARTICULATE MATTER



  

COOKING FUEL AS A MAJOR CONTRIBUTOR 
TO INDOOR AIR POLLUTION

LPG KEROSENE

(Chest Research Foundation, 2005)



  

INCREASED INCIDENCE OF VIRAL INFECTIONS

70-80% of URTI and LRTI in children are due to viral 
infections.

Does air pollution make this worse?

114 asthmatic 
children aged 
between 8-11 
years

Personal 
monitoring of 
NO2 for 13 
months



  
(Chauhan et al, Lancet 2003; 361: 1939-1944)

High personal NO2 exposure in 
the week before an upper 
respiratory infection was 
associated with increased 
severity of LRT symptoms and 
greater reduction in peak 
expiratory flow for all virus types 
together

Any 
virus

Picorna 
virus

RS 
virus

Corona 
virus



  

NO2 levels measured in an indian home situated next to a 
busy road

(Chest Research Foundation, 2005)

Levels of NO2 recorded 
by Chauhan et al in 
British homes

WHO safety limits



  

STUDY OF RESPIRATORY HEALTH STATUS IN 
12,043 URBAN SLUM DWELLERS OF PUNE CITY

Study conducted with the help of local health workers 
(Anganwadi workers)
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Prevalence of Asthma by age groups in males & females.

There is significant difference between males & females in the age group 10-20 & also in 30s & 40s ,p<0.05

Prevalence of COPD – 6.5%

Cough – 28.39; Chest tightness – 8.3%; Wheeze – 4.74

Asthma 
prevalence

(Chest Research Foundation, 2005)



  

INTERESTING OBSERVATIONS

• 52% of COPD were non-smokers, 
suggesting that air pollution is likely a 
major cause of COPD in this population

• Respiratory symptoms dependent on 
kitchen
- Those who had a separate kitchen had 
lower respiratory symptoms



  

Mosquito Coil

0.3 – 0.4% Pyrethrin (insecticide)

99.6% - Binders, Fillers

Burning one mosquito coil 
releases the same amount of 
PM2.5 mass as that of burning 75-
137 cigarettes.

The emission of formaldehyde 
can be as high as that released 
from burning 51 cigarettes

(Liu W et al, Environ Health Perspect 2003; 111: 1454-1460)

MOSQUITO COIL



  

ANDERSONS AIR SAMPLER

AEROALLERGEN SAMPLING FROM HOMES

Run for 30 mins



  

FUNGAL COLONIES GROWN ON SABOURAUD’S AGAR 
MEDIUM ISOLATED FROM HOMES

(Air samples collected from Andersons Air Sampler)

(Chest Research Foundation, 2005)



  

• Who are the people that are 
exposed to high levels of air 
pollution on a daily basis?

• What is the health impact of 
exposure to air pollution?



  

THANK YOU
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Prevalence of asthma in school children in Bangalore - India: 
Variation with traffic density around school

11.5% 19.3% 31.1%

(Paramesh H. Indian J Paed 2002; 69(4): 309-312)

( n = 6550)



  

(Samet J et al, AJRCCM 2001: 164: 819-825)

FEV1 following ozone exposure

Placebo: 980 mL drop

Supplements: 680 mL drop

Vit C: 250mg + Vit E: 50 IU + 12 
oz Veg cocktail daily x 2 weeks

n = 31

Antioxidant supplementation reduces the decline in lung 
function following exposure to ozone

http://ajrccm.atsjournals.org/content/vol164/issue5/images/large/RCCM2008003.f2.jpeg


  

Hierarchical oxidative stress response in 
response to redox cycling DEP components

(Xiao GG et al, J Biol Chem 2003; 278: 50781-50790)

Macrophage cell 
lines

Proteomics

http://www.jbc.org/content/vol278/issue50/images/large/bc5139016008.jpeg


  

CHILDREN UNIQUELY VULNERABLE TO 
THE EFFECTS OF AIR POLLUTION

• Lungs are growing
No. of alveoli –
- At birth – 24 million
- 4 years – 257 million
- Adults – 600 million

• Lung growth is guided 
by a complex and 
precisely timed 
sequence of chemical 
messages



  

WHAT CAN BE DONE?

WHAT NEEDS TO BE DONE?

• Awareness

• Prevention



  



  

Relative emissions from petrol cars and diesel cars

Pollutant Petrol Diesel

Carbon dioxide ++++ +
Carbon monoxide +++ ++
Benzene +++ ++

Nitrogen oxides + ++
Hydrocarbons ++ +++
Aldehydes ++ +++
Sulphur dioxide + ++++
PAHs + ++++
Particulate matter* + ++++

• Diesel engines generate up to 1400 times more particles than petrol engines

• 1000000000000 particles enter into the lungs every day

http://www.downtoearth.org.in/full.asp?foldername=20021115&sid=7&filename=Misc


  

GSH α-tocopherol UA

Reactive oxygen species

Blood

Ozone, NO2, Diesel exhaust particles

ANTIOXIDANT PROPERTIES OF THE
EPITHELIAL LINNG FLUID

Vit C

Alveolar 
macrophages

CODEFENSE 
LINE


