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Delhi’s pollution in 2016 – note effects of 
1) the holiday (Diwali) and

2) crop residue burning



In 2017 -- now



In 2017 -- now



Particle	deposition



An	Association	between	Air	Pollution	and	
Mortality	in	Six	U.S.	Cities

Dockery	et	al.	N	Engl J	Med	1993;329:1753-1759	



Fine-Particulate	Air	Pollution	and	Life	
Expectancy	in	the	United	States

Pope	et	al.	N	Engl	J	Med	2009;360:376-386.



Other	Effects	- examples

• Low	birth	weight
• Pre-term	birth
• BMI
• Diabetes



Environ	Health	Toxicol 2015;30:e2015011.

Birth
Weight



Preterm
Birth



Rundle	et	al.,	Am	J	Epidemiol 2012	



Air	Pollution	and	Diabetes

• Several	studies	have	shown	
associations	between	diabetes	in	
adults	and	exposure	to	traffic-
related	air	pollution	(TRAP)

• Evidence	also	building	for	
children



Potential	Mechanism
• Air	pollution	can	induce	oxidative	stress	
and	systemic	inflammation

• PM2.5 induced	adipose	tissue	
inflammation	and	insulin	resistance	in	a	
mouse	model	of	diet-induced	obesity	(Sun	
et	al.	Circulation	2009)

• Hypothesis:		
– Exposure	to	air	pollution	in	utero and	in	early	
childhood	increases	risk	of	obesity	and	
abnormal	glucose	metabolism	later	in	
childhood



The three major solid fuels



Leading cause of disease burden in 2010 by countryPopulation Cooking with Solid Fuels in 2010 (%)



Toxic Pollutants in Wood Smoke
from Simple (poor) Combustion

• Small particles, CO, NO2

• Hydrocarbons
– 25+ saturated hydrocarbons such as n-hexane
– 40+ unsaturated hydrocarbons such as 1,3 butadiene
– 28+ mono-aromatics such as benzene & styrene
– 20+ polycyclic aromatics such as benzo(a)pyrene

• Oxygenated organics
– 20+ aldehydes including formaldehyde & acrolein
– 25+ alcohols and acids such as methanol
– 33+ phenols such as catechol & cresol
– Many quinones such as hydroquinone 
– Semi-quinone-type and other radicals

• Chlorinated organics such as methylene chloride and dioxin 

Source: Naeher et al,
J Inhal Tox, 2007

Typical chulha
releases

400 cigarettes per hour
worth of smoke



First person in human history to 
have her exposure measured
doing the oldest task in human history

Kheda District,
Gujarat, 1981

Emissions and
concentrations,
yes, but 
what about
exposures?~5000 ug/m3

during cooking
>500 ug/m3 24-
hour

Indian standard
40 ug/m3



State-wise
estimates of 
24-h kitchen
concentrations
of PM2.5 
in India

Solid-fuel using
households

Balakrishnan et al.
2013 (SRU group)



Burnett et al., EHP. 2014, Integrated Exposure-Response Functions

Secondhand
Tobacco Smoke

Outdoor Air
Pollution

HAP



Pope et al.
Environmental Health 
Perspectives
2011, in press



Pope et al.
Environmental
Health 
Perspectives
2011, in press

Lung
Cancer

Heart
Disease



IHD risks from combustion particles
Annual average PM2.5 in ug/m3
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Household
Air
Pollution
and
Blood Pressure

In Yunnan

Baumgartner et al.
Environmental Health 
Perspectives 2011, Oct



EHP Nov, 2011



Stroke

Ischemic Heart Disease

ALRI

ug/m3 annual average PM2.5

COPDLung Cancer 



Estimated  Burden of Disease
for India - 2016







Satellite-based ambient PM2.5

van Donkelaar et al, EHP 2010

29

29% from households in India
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Remember
• GBD numbers are highly uncertain – these 

are central estimates
• And change with new models and databases
• Some health outcomes not included

– Low birth weight/prematurity
– TB/asthma
– Other cancers: cervical, etc.
– Diabetes, arthritis, low IQ, BMI





Exposure is a much better metric 
for understanding and controlling health risk

Classic air pollution control focuses on 
concentrations in fixed locations



Vehicles

Power
plants

Stoves

How different?
Does it matter?

Source – Exposure Relationships



Ministry of Health and Family Welfare
Air Pollution Task Force - 2015

• First Ministry of Health in world to treat AP 
as one of its major priorities and consider 
along with other risk factors in its mission

• First government agency in the world not to 
address AP by location, but by total 
exposure – a true health focus

• Thus, not indoor/household, not outdoor, 
but by what will give the most health 
benefit



MoHFW AP Task Force
• Total exposure approach requires utilizing 

estimates of relation between emissions of 
each source category and exposure.

• Emissions weighted essentially by 
proximity to population

• Goal is to change source apportionment to 
exposure apportionment

• Several analytic approaches now available –
new research agenda to make viable for 
policy



Hyderabad-2012

Emissions – PM2.5

MOHFW Report, 2015
estimates by Guttikunda



Ambient Intake Fractions in 
Hyderabad

ppm – grams inhaled per tonne emitted
Average SD

Households 175 97
Construction 175 93
Waste.burn 140 74
Veh.exhaust 130 64
Gen.sets 123 53
Industries 65 17
Dust 18 4
Power plants 7.4 7.0
Brick.kilns 6.8 1.9



Hyderabad-2012

Emissions – PM2.5

Ambient Exposures– PM2.5

Draft MOHFW Report
estimates by Guttikunda



Vehicles

Power
plants

Stoves

How different?
Does it matter?

Yes, a factor of  
100 different! 

Source – Exposure Relationships



Classic air pollution control focuses on 
concentrations in fixed locations

Integrated exposure allows more nuanced and
efficient air pollution control that weights
sources by their impact on exposure and health
rather than environmental quality



Summary
• Eventually, we wish to control all sources 

of air pollution, all the time, everywhere.
• But we cannot afford to do so immediately
• What metric gives the optimal pathway 

such that the most health protection is 
occurring at each stage of investment?

• Metrics of exposure are the way to do so



India
• Still with ~two-thirds of households using 

solid cookfuels
• Most polluted cities in the world,  but also 

major amounts of ambient pollution in rural 
areas

• Highest burden of disease from air pollution 
in the world 

• Highest total air pollution burden/capita of 
all middle-income countries – 2x China



CCAPC is a joint activity of

Joint Activity of
Indian Institute of Technology Delhi
Sri Ramachandra University Chennai

The Energy and Resources Institute (TERI)
University of California Berkeley

and
UrbanEmissions.com – knowledge partner



Mission
• The CCAPC 

– evaluates, and compares policy options for 
dealing with India’s health-damaging air 
pollution of all types, 

– provides a platform for institutions to work 
together to solve problems and recommend 
policy, and 

– works to develop capacity to address the 
policy implications of air pollution in the 
country.



NIMBY versus MIMBY
• Not in my backyard (NIMBY) is a well known issue 

in environmental health
• But MIMBY (Must be in my backyard) is a more 

fundamental problem
• Local data are obviously valuable
• But we cannot repeat every study in every part of 

the world
• When do we have enough information for policy?  
• In particular for HAP risk for CVD outcomes; these 

now come from ambient and other data only?



Risk	Modifiers

• Age
• Sex
• Race/ethnicity
• Socioeconomic	status
• Neighborhood
• Stress
• Diet
• Obesity
• Diabetes
• Other	exposures	(e.g.,	tobacco	smoke,	

biomass	smoke,	occupational	vapors,	
dusts,	fumes)



Many thanks
For publications 
& presentations:
Just “Google” 
Kirk R. Smith

For the new Centre
http://www.ccapc.org.in/


