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Abstract: Long-term exposure to ambient fine particulate matter (PM2s) has slowly increased both the morbidity and
mortality among Chinese people; becoming a leading problem for public health efforts. In this study, the exposure-response
function was used to derive the spatial-temporal dynamics of disease burden attributable to PM s pollution in China. It was
found that the economic loss attributable to PM; s increased by 93% from 35 billion Chinese yuan to 536 billion Chinese yuan
within the period of 16 years. Digging further, a substantiate level of regional differences was discovered with the disease
burden being the most severe in East China and the least severe in Northwest China. This article can provide more insights

for future air pollution control in China.
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1. Introduction

Long-term exposure to ambient fine particle air pollution (PM2s) has caused 4.2 million deaths globally
and 103.1 million lost years of healthy life in 2015; ranking the fifth as a global risk factor 3. As a
representative of high-concentration PMas pollution %1, cities in China have far more cases of diseases
due to PM2 s than those in other countries. In order to effectively improve the problem of PM2 s pollution,
and to protect more urban residents from being harmed by PMas pollution, the Chinese government has
formulated a series of corresponding policies and measures. The exposure-response model has been widely
adopted among scholars 611 yet higher levels of exposure-response coefficient should be used in areas
exposed to high concentrations of PM_s. China, with a relatively high-level pollution, had also studied the
burden of disease caused by air pollution 2-2°1. The exposure-response coefficients were obtained from the
epidemiological studies in China. Combined with the exposure-response coefficient and the data of PMas
in the cities of China from 2000 to 2016, exposure-response function was used to estimate the amount of
disease burden attributed to PM2 5 during those years; thus, quantifying the health effects of PM2s pollution
on the Chinese cities and the corresponding economic losses. Furthermore, based on the geographical area
of each city, this study divided the cities of China into seven regions. There were some regional differences
in the losses caused by PMas pollution 871, Through spatial-temporal dynamic assessment of the disease
burden attributed to PM2 5 in the cities of China from 2000 to 2016, a basis for the design and improvement
of policies can be provided to control the pollution in China.

2. Methodology and data
2.1. Data
The PM2s concentration data were obtained from the National Aeronautics and Space Administration’s
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(NASA’s) medium resolution imaging spectrometer (MODIS), multi-angle imaging spectrometer (MISR),
and sea-viewing wide field-of-view sensor (SeaWIFS) global annual PM2 s raster data aerosol optical depth
(AOD).

This article comprehensively selected the exposure-response coefficients obtained from the
comprehensive analysis of the epidemiological cohort in China 4, The base incidence rate of different
health endpoints in the cities came from the statistical yearbooks of various cities and China Health
Statistical Yearbook.

For the economic loss caused by premature death, this study used the willingness to pay (WTP) method
to evaluate (8%, The value of statistical life (VSL) was used to express the willingness of individuals to
pay. In this article, the benefit conversion method was used to adjust different VVSL values caused by city
differences. This article selected deaths by respiratory diseases and cardiovascular diseases as the research
subject for the endpoint of deaths 202,

The per capita hospitalization cost, per capita outpatient cost, and average hospitalization days were
obtained from China Health Statistics Yearbook, and the average hospitalization day was taken as the time
of lost work. Referring to the unit economic value of asthma and acute bronchitis in 2009 at Beijing, after
income adjustment, the unit economic loss of the disease endpoints in various cities was obtained 4, There
was a risk trade-off between inflammation and premature death. The unit economic loss of chronic
bronchitis was 32% of VSL [222%],

The population and per capita of gross domestic product (GDP) data were derived from China City
Statistical Yearbook, and the per capita disposable income data came from the statistical yearbooks of each
city.

2.2. Methodology

The basic model sets the health risk of the population of the actual concentration of PM2s for a selected
health terminal as:

| =exp(Bx(C-C,))xI,
Where C is the actual PM,s concentration, Co is the threshold level of PM2s (10 ug/m®), I is the health
risk of the population at PM2 s at C concentration, lo is the health risk of the population at Co concentration,

and £ is the corresponding exposure-reaction coefficient.
The change in health risk attributable to PM2s contamination is:

Al =1-1,=1(1-Yexp(8x(C-C,)))
Thus, the health effects from PMzs are calculated as:
E=PxAl =Px1{1-1/exp(fx(C-C,))

Where P is the number of exposed people.

VSL, =VSL,, x(ll—]
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Where VSL, and VSLg; are VSL values for city n and Beijing, respectively whereas I, and Ig; are per
capita disposable income of city n and Beijing, respectively, and e is income elasticity (generally, e = 1).
The basic formula for the cost of illness (COI) is defined as:

C; =(C, +GDP, xT, JxE,

Where Ci is the total cost of additional health expenditure for PM2 s to health endpoint i, Cp; is the unit
economic loss of health endpoint i, GDPp, is the daily average of GDP per city, Tviis the number of days of
missed work due to health endpoint i, and E; is calculated as a health effect related to PMas.

3. Results

The health effects (and 95% CI) of PM2s exposure in the cities from 2000 to 2016 have been estimated. It
has been discovered that the proportion of premature deaths increased gradually from 2000 to 2010 (0.004%
to 0.008%) while it decreased in 2015, and then climbed a little in 2016. Meanwhile, the proportion of
disease kept increasing from 2000 to 2016 (0.49% to 1.45%). 210 cities were divided into 7 groups based
on the seven geographical regions of China’s eight administrative regions. Figure 1 shows the proportion
of premature deaths caused by PM. s as a percentage of the population density. It was discovered that the
regions with higher proportions in 2000 and 2010 were in the north and midlands. However, the regions
with higher proportions in 2015 and 2016 were in the north and east. Death from PMs in the east, north,
south, and northwest were increasing gradually each year. This article illustrated the number of disease
losses due to PM2s in each region. The proportion of diseases in each region to the regional population
density is illustrated in Figure 2. It can be noted that the regions with a large proportion of diseases from
2000 to 2010 were the east, midlands, and north. Kruskal-Wallis test was used to compare the health effects
of PM2sin seven regions, and it is that there were significant differences in the health effects of the seven
regions at 1% level.
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Figure 1. Proportion of premature deaths attributed to PM; s exposure in different regions
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Figure 2. Proportion of diseases attributed to PM.s exposure in different regions

The economic losses as a share of GDP increased in 2005 (1.62%) from 2000 (0.87%). It declined in
2010-2015 (1.27%), and slightly increased in 2016 (1.33%). The spatial distribution of the economic losses
caused by PM2s pollution in 210 cities in China from 2000 to 2016 is illustrated in Figure 3. It can be
appreciated that the economic losses of most cities gradually increased over the years. The economic losses
related to PM2 s pollution were listed from 2000 to 2016 for the seven regions, and Kruskal-Wallis test was
conducted on health-related economic losses due to PMzs in the seven regions where there were significant
differences in the health-related economic losses at 1% level.

4. Discussion

This study provided a quantitative assessment on the burden of disease attributed to PM2s exposure across
cities in China from 2000 to 2016 using the exposure-response model to provide a more comprehensive
estimate of the disease burden. From 2000 to 2016, the disease burden attributed to PM_ in these cities
had dynamic changes in the spatial-temporal level. The economic losses from the health effects of PM2s
increased from 35.7 billion yuan in 2000 to 538 billion yuan in 2016 in which the city with the highest
disease burden changed from Tianjin in 2000 to Shanghai in 2016. China’s disease burden due to PM25 has
improved during recent years 2124 The realization of the policy requires a medium to long-term process.
China needs to formulate a more systematic control strategy, and to establish a comprehensive prevention
and control system for PM2s pollution. It is noted that the health effects and economic losses caused by
PM_5 in the north were higher than those in the south [1617:25261 | order to alleviate the serious air pollution
problem in the north, it is necessary not only to effectively control the burning of coals but also to use clean
energy to replace them. Clean domestic heating fuel has now become part of China’s northern policy, which
is gradually being implemented throughout the country for heating and solid fuel cooking 31, There is still
a need to establish and improve a more rationalized and differentiated air pollution policy in conjunction
with the current regional air pollution control mechanism.
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Figure 3. Spatial distribution of health-related economic losses (¥) attributed to PM.5 exposure

Disclosure statement

The author declares that there is no conflict of interest.

References

[1] Dockery DW, Pope CA, Xu X, et al., 1993, An Association between Air Pollution and Mortality in Six
US Cities. New England Journal of Medicine, 329: 1753-9.

Distributed under creative commons license 4.0 52 Volume 4; Issue 4



[2] Cohen AJ, Brauer M, Burnett R, et al., 2017, Estimates and 25-Year Trends of the Global Burden of
Disease Attributable to Ambient Air Pollution: An Analysis of Data from the Global Burden of
Diseases Study 2015. The Lancet, 389: 1907-18.

[3] Lozano R, Naghavi M, Foreman K, et al., 2012, Global and Regional Mortality from 235 Causes of
Death for 20 Age Groups in 1990 and 2010: A Systematic Analysis for the Global Burden of Disease
Study 2010. The Lancet, 380: 2095-128.

[4] WangY, Zhang R, Saravanan R, 2014, Asian Pollution Climatically Modulates Mid-Latitude Cyclones
Following Hierarchical Modelling and Observational Analysis. Nature Communications, 5: 1-7.

[5] Zhang Q, Zheng Y, Tong D, et al., 2019, Drivers of Improved PM2.5 Air Quality in China from 2013
to 2017. Proceedings of the National Academy of Sciences, 116: 24463-9.

[6] Burnett RT, Pope CA, Ezzati M, et al., 2014, An Integrated Risk Function for Estimating the Global
Burden of Disease Attributable to Ambient Fine Particulate Matter Exposure. Environmental Health
Perspectives, 122: 397-403.

[7] Burnett R, Chen H, Szyszkowicz M, et al., 2018, Global Estimates of Mortality Associated with Long-
Term Exposure to Outdoor Fine Particulate Matter. Proceedings of the National Academy of Sciences,
115: 9592-7.

[8] Azimi P, Stephens B, 2018, A Framework for Estimating the US Mortality Burden of Fine Particulate
Matter Exposure Attributable to Indoor and Outdoor Microenvironments. Journal of Exposure Science
& Environmental Epidemiology, :1-14.

[9] Apte JS, Marshall JD, Cohen AJ, et al., 2015, Addressing Global Mortality from Ambient PM2.5.
Environmental Science & Technology, 49: 8057-66.

[10] Organization WH, 2016, Ambient Air Pollution: A Global Assessment of Exposure and Burden of
Disease.

[11] Lelieveld J, Evans JS, Fnais M, et al., 2015, The Contribution of Outdoor Air Pollution Sources to
Premature Mortality on a Global Scale. Nature, 525: 367-71.

[12] Lin H, Liu T, Xiao J, et al., 2017, Hourly Peak PM 2.5 Concentration Associated with Increased
Cardiovascular Mortality in Guangzhou, China. Journal of Exposure Science & Environmental
Epidemiology, 27: 333-8.

[13] Zhao B, Zheng H, Wang S, et al., 2018, Change in Household Fuels Dominates the Decrease in PM2.5
Exposure and Premature Mortality in China in 2005-2015. Proceedings of the National Academy of
Sciences, 115: 12401-6.

[14] Huang DS, Zhang S, 2013, Health Benefit Evaluation for PM2s Pollution Control in Beijing-Tianjin-
Hebei Region of China. China Environmental Science, 33(1): 166-4.

[15] Chen R, Kan H, Chen B, et al., 2012, Association of Particulate Air Pollution with Daily Mortality:
The China Air Pollution and Health Effects Study. American Journal of Epidemiology, 175: 1173-81.

[16] Chen Y, Ebenstein A, Greenstone M, et al., 2013, Evidence on the Impact of Sustained Exposure to
Air Pollution on Life Expectancy from China’s Huai River Policy. Proceedings of the National
Academy of Sciences, 110: 12936-41.

[17] Ebenstein A, Fan M, Greenstone M, et al., 2017, New Evidence on the Impact of Sustained Exposure
to Air Pollution on Life Expectancy from China’s Huai River Policy. Proceedings of the National
Academy of Sciences, 114: 10384-9.

[18] Wang H, Mullahy J, 2006, Willingness to Pay for Reducing Fatal Risk by Improving Air Quality: A
Contingent Valuation Study in Chongqing, China. Science of the Total Environment, 367: 50-7.

Distributed under creative commons license 4.0 53 Volume 4; Issue 4



[19] Carlsson F, Johansson-Stenman O, 2000, Willingness to Pay for Improved Air Quality in Sweden.
Applied Economics, 32: 661-9.

[20] Sun C, Yuan X, Xu M, 2016, The Public Perceptions and Willingness to Pay: From the Perspective of
the Smog Crisis in China. Journal of Cleaner Production, 112: 1635-44.

[21] Huang J, Pan X, Guo X, et al., 2018, Health Impact of China’s Air Pollution Prevention and Control
Action Plan: An Analysis of National Air Quality Monitoring and Mortality Data. The Lancet Planetary
Health, 2: e313-23.

[22] Viscusi WK, Aldy JE, 2003, The Value of a Statistical Life: A Critical Review of Market Estimates
Throughout the World. Journal of Risk and Uncertainty, 27: 5-76.

[23] Greenstone M, Schwarz P, 2018, Is China Winning Its War on Pollution? Report from Energy Policy
Institute at the University of Chicago.

[24] Yue H, He C, Huang Q, et al., 2020, Stronger Policy Required to Substantially Reduce Deaths from
PM3; 5 Pollution in China. Nat Commun, 11: 1462. doi:10.1038/s41467-020-15319-4 (2020).

[25] An Z, Huang RJ, Zhang R, et al., 2019, Severe Haze in Northern China: A Synergy of Anthropogenic
Emissions and Atmospheric Processes. Proceedings of the National Academy of Sciences, 116: 8657-
66.

[26] Hong C, Zhang Q, Zhang Y, et al., 2019, Impacts of Climate Change on Future Air Quality and Human
Health in China. Proceedings of the National Academy of Sciences, 116: 17193-200.

Distributed under creative commons license 4.0 54 Volume 4; Issue 4



