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Empirical evidence and models from household air pollution in Asia



Bonjour et al, Environ Health Perspect, 2013

Population (%) cooking with biomass and 
coal in 2012



Outline

ÅEpidemiologic studies of black carbon exposure and health 

ÅEvaluating the health impacts of household- or community-level 
intervention

ÅCombining field measurements and models to evaluate the impacts 
of household energy transitions at larger scales



Norris et al., Environ Research, 2016

Personal black carbon exposure & acute changes in blood pressure 
in Indian women 

Ã Study population: 45 non-smoking women (mean age=42 y)

Ã Exposure: Real-time exposure to black carbon during cooking in winter 
and in summer

Ã Health Outcome:Ambulatory systolic and diastolic blood pressure

Ã Covariates:Age, body mass index, socioeconomic status, activity, sodium 
intake, temperature, time of day, and day of the week
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Personal black carbon exposure & acute changes in blood pressure 
in Indian women 

Ã Study population: 45 non-smoking women (mean age=42 y)

Ã Exposure: Real-time exposure to black carbon during cooking in winter 
and in summer

Ã Health Endpoints:Ambulatory systolic and diastolic blood pressure
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intake, temperature, time of day, and day of the week
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Activities and exposure to black carbon during cooking

Blood pressure every 10 min Blood pressure every 10 min



Interquartile range changes in black carbon exposure 
όϤмлл ˃ƎκƳ3) and systolic blood pressure in Indian women 

during cooking (n=45)

Adjusted for age, temperature, body mass index, socioeconomic 
status (asset index), time of day, salt intake, heart rate

Norris et al., Environ Research, 2016
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Time over which black carbon averaged (minutes)*
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Ŷ 3 mmHg decrease

> 8% reduction in stroke
> 10% reduction in coronary heart disease

Cardiovascular benefits of population 
interventions in Asian cohorts  

Asia-Pacific Cohort Studies Collaboration, J Hyper, 20003
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Daily exposure to PM2.5 mass and black carbon by age/season in rural 
Chinese women (n=280)
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Baumgartner et al., Environ Health Perspect , 2011; PNAS, 2014
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Associations of PM2.5 mass and black carbon exposure (1 log-
˃Ǝ/m 3) and blood pressure in older women (n=280)



Outline

ÅEpidemiologic studies of black carbon exposure and health 

ÅHealth metrics and study designs for evaluating household- and 
community-level interventions

ÅCombining field measurements (emissions + exposures) and models 
(air quality + health exposure-response) to evaluate the impacts of 
household energy transitions at larger scales



Replacement of solid fuel stoves with cleaner-burning stoves and fuels



Baseline / post-intervention measurements 
of air pollution and health indicators

Laboratory analysis of air pollution 
samples & biomarker samples

Design, development, and testing of 
improved energy packages

Changes in air pollution emissions, 
household concentrations and 

human exposures

Health impacts, e.g.,:
- Birth outcomes
- Pneumonia in infants and young children
- Childhood cognitive impacts
- Subclinical cardiovascular outcomes



Change in black carbon concentrations from a carbon-
finance approved cookstoveintervention in India

Absorbance-to-mass ratio (m2/g); 
mean (95% CI)
ÅControl: 0.15 όлΦмлҍлΦнп)

ÅIntervention: лΦнл όлΦмпҍлΦомύ

ÅMixed stove: лΦму όлΦмоҍлΦомύ

Aunget al., ES&T, 2016

Change in PM2.5 and black carbon concentrations by stove 
use group from pre- to post-intervention



Cumulative distribution of daily indoor PM2.5 concentrations in rural 
China with different stove interventions (n=389 days in 202 homes)

SUMMER

Outdoor PM subtracted Outdoor PM included
F

ra
c

ti
o

n
 o

f 
d

a
y
s


