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“Pollution in China” – by LU Guang



In terms of health, air pollution is most significant 
among various environmental risks in China

Cost of environmental pollution in 

China in 2003   
Air pollution Water pollution

Disease burden 400,000 
premature deaths

52,000 cancer 
deaths

Health economic 
loss

519,9 Billion � 9.5 Billion �

Other economic 
loss

36,7 Billion � 158,0 Billion �

Source: World Bank, Cost of Pollution in China



Satellite Global PM2.5 concentrations

EHP, 2010

Population-weighed PM2.5 levels in 
China: 55 µg/m3 (annual average)



Ratio of PM2.5 concentrations: 2005/1990

Brauer et al, EST, 2012



Brauer et al, EST, 2012

Estimated ozone concentrations (2005, ppb)



Heavy fog in China
January, 2013



Heavy fog in China
January, 2013



PM2.5 levels during the fog
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Global Burden of Disease (2010)

Lim et al, Lancet, 2012



Top 20 risk factors for mortality

8

4

Lim et al, Lancet, 2012

Global China



PM2.5 and ALRI

GBD, 2012

30%



PM2.5 and COPD

11%

GBD, 2012



PM2.5 and CHD

39%

GBD, 2012



PM2.5 and stroke

45%

GBD, 2012



PM2.5 and lung cancer

20%

smoking�40%

GBD, 2012



Air pollution research in China



A summary of air pollution epidemiologic 
studies in China

• Short-term exposure studies 
– Time-series/case crossover studies

• Single-city analysis: Beijing, Hong Kong, Shanghai, Shenyang, Taiyuan, 
Wuhan, etc. 

• Multi-city analysis: PAPA, CAPES

– Panel study: Beijing

• Long-term exposure study
– Cross-sectional study: several 

– Cohort study: CNHS-Air

• Intervention study
– Beijing Olympics

– Hong Kong



CAPES

• China Air Pollution and Health Effects Study

• A new multi-city time-series study in China

• Supported by China Ministry of Environmental 
Protection

CAPES        

Am J Epidemiol, 2012;   Environ Int, 2012

Stroke, 2013; Neurology, 2013 



CAPES cities 

CAPES        



Health and Exposure Data

• Health outcomes

– Total and cause-specific 
mortality (for every city)

– Hospital visits 
(Shanghai)

• Air pollution

– PM10, SO2, NO2 (for every city)

– PM2.5 (Beijing, Shanghai, 
Shenyang, Xi’an, Guangzhou)

– PM2.5 components (Xi’an)

– PM10-2.5 (Beijing, Shanghai, 
Shenyang)

– BC (Shanghai)

– O3 (Shanghai, Suzhou)

– CO (Shanghai, Anshan, Taiyuan)

– Visibility (Shanghai)

CAPES        



CAPES study: what will it contribute to 
policy making in China?

• Robustness of time-series study risk 
estimates 

• New evidence of the national C-R function

• Comparison of risk estimates gained from 
China and developed countries

• Regional/city variability in results: source 
apportionment 

• Does threshold exist 

CAPES        



Effects of PM10 in the CAPES cities
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Chen et al, AJE, 
2012

CAPES        
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Regional pattern of PM10 health 
impact

CAPES        



Possible reasons of regional pattern
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Regional pattern: a potential role of indoor 
exposure to outdoor PM10

CAPES        

PM10 exposure coefficient 
= ( tout∆CPM10out + tin∆CPM10in ) / ( 24hour∆CPM10out )

Zhou et al, AE, 2013

R2=0.55
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Kan et al, Biomed 

Environ Sci, 2005 



Possible reasons for the smaller effects 
in Chinese cities

China

Developed 
countries

Pope et al, Circulation, 2009



Most Chinese studies focus on the 
cardiorespiratory system, and few 

examine the reproductive outcomes



Mechanisms of effect following PM 
exposure:  oxidative stress



Air Pollution and Low Birth Weight in 
Beijing (Wang et al, EHP, 1997)

• Design: a cohort of all pregnant women in four areas in 

Beijing between 1989-1991, 74,671 first-parity live births 
with gestational age 37-44 weeks

• Outcome: preterm birth, low birth weight

• Statistical methods: Multiple linear regression and logistic 

regression, adjusting for gestational age, residency, year of 
birth, maternal age, and infant gender.

• Results: Significant associations of SO2 and TSP during 

the 3rd trimester and low birth weight



Petrochemical exposure with spontaneous 
abortion in Beijing (Xu et al, OEM, 1998)

• Design: a retrospective epidemiological study, 2853 (93%) of 

the women in a large petrochemical complex in Beijing

• Outcome: spontaneous abortion during the first pregnancies

• Statistical methods: Multiple logistic regressions

• Results: significant increase of spontaneous abortion for 

women working in all of the production plants with frequent 

exposure to petrochemicals (8.8%; range of 5.8%–9.8%), 

compared with those working in nonchemical plants (2.2%; 

range of 0.0%–7.1%).



Air pollution and preterm birth in 
Shanghai (Jiang et al, BES, 2007)

• Design: Birth Registry-based time-series study

• Outcome: preterm birth 

• Statistical methods: Poisson regression with  
generalized additive model

• Results:  significant effect of outdoor air pollution 
only with 8-week exposure before preterm births; 
not find any significant acute effect of outdoor air 
pollution on preterm birth in the week before birth. 



• Design: Birth Registry-based time-sereis study

• Outcome: preterm birth 

• Statistical methods: Poisson regression with  

generalized additive model

• Results:  significant acute effect (lag 3-4 days) of 

outdoor air pollution on preterm birth. 

Air pollution and preterm birth in Guangzhou 

(Zhao et al, Environ Health, 2011)





Time-series approach omits seasonally-varying 
exposures and birth outcomes, and thus 
might be inappropriate in studying the 

association between air pollution and birth 
outcomes 

Darrow et al, 2009, Epidemiology



Future research needs

• Birth cohort study and air pollution

• PM components and birth outcomes

• Additional data collection for Birth Registry: 
smoking (A/P), drinking

• Other birth outcomes: birth defects

• Research opportunity in China: huge 
population, high pollution levels, establishment of 
PM2.5 monitoring network and Birth Registry in 
the country
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