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Abstract:

Beijing is one of the most polluted cities in thend. However, the “Air Pollution Prevention
and Control Action Plan” (APPCAP), introduced sin2@13 in China, has created an
unprecedented drop in pollution concentrations fiee major pollutants, except Owith a
significant drop in mortalities across most paftthe city. To assess the effects of APPCAP, air
pollution data were collected from 35 sites (diddato four types, namely, urban, suburban,
regional background, and traffic) in Beijing, fro2014 to 2018 and analysed. Simultaneously,
health-risk based air quality index (HAQI) and ddtspecific pollution (PMs and Q)
attributed mortality were calculated for Beijinghd results show that the annual M
concentration exceeded the Chinese national amhiequality standard Grade Il (35 pgjnn

all sites, ranging from 88.5+77.4 pgliior the suburban site to 98.6+89.0 pdfior the traffic
site in 2014, but was reduced to 50.6+46.6 |fdmthe suburban site, and 56.1+47.0 pyfon

the regional background in 20183 @as another most important pollutant that excedtied



Grade Il standard (160 pgiyrfor a total of 291 days. It peaked at 31dgm® in 2014 for the
urban site and 290469/m® in 2018 in the suburban site. APPCAP led to aifiggmt reduction

in PMys, PMyo, NO,, SO and CO concentrations by 7.4, 8.1, 2.4, 1.9 andug§0r/year
respectively, though ©concentration was increased by 1.3 fyear during the five-years.
HAQI results suggest that during the high pollutaays, the more vulnerable groups, such as
the children, and the elderly, should take add#igmrecautions, beyond the recommendations
currently put forward by Beijing Municipal Envirorental Monitoring Center (BJMEMC). In
2014, PM;s and Q attributed to 29,270 and 3,030 deaths respectivblyugh in 2018 their
mortalities were reduced by 5.6% and 18.5% respaygti The highest mortality was observed in
Haidian and Chaoyang districts, two of the mostségnpopulated areas in Beijing. Beijing’s air
guality has seen a dramatic improvement over treeyear period, which can be attributable to
the implementation of APPCAP and the central govemt’s determination, with significant
drops in the mortalities due to BMand Qin parallel. To further improve air quality in Bigig,
more stringent regulatory measures should be inted to control volatile organic compounds
(VOCs) and reduce fOconcentrations. Consistent air pollution contnaerventions will be
needed to ensure long-term prosperity and envirotehsustainability in Beijing, China’s most
powerful city. This study provides a robust metHody for analyzing air pollution trends,
health risks and mortalities in China. The cru@aidence generated forms the basis for the
governments in China to introduce location-speaiicpollution policy interventions to further
reduce air pollution in Beijing and other partsaffina. The methodology presented in this study
can form the basis for future fine-grained air ptitin and health risk study at the city-district

level in China.

Keywords: Beijing; Air Pollution Policy; Sessional-Daily Viation; Trends; Mortality;

Vulnerable Group
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respectively, though ©concentration was increased by 1.3 |fyear during the five-years.
HAQI results suggest that during the high pollutaays, the more vulnerable groups, such as
the children, and the elderly, should take addgigmrecautions, beyond the recommendations
currently put forward by Beijing Municipal Envirorental Monitoring Center (BJMEMC). In
2014, PM;s and Q attributed to 29,270 and 3,030 deaths respectivblyugh in 2018 their
mortalities were reduced by 5.6% and 18.5% respaygti The highest mortality was observed in
Haidian and Chaoyang districts, two of the mostsdgnpopulated areas in Beijing. Beijing’s air
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more stringent regulatory measures should be inted to control volatile organic compounds



(VOCs) and reduce fOconcentrations. Consistent air pollution contnaerventions will be
needed to ensure long-term prosperity and envirotehgustainability in Beijing, China’s most
powerful city. This study provides a robust metHody for analyzing air pollution trends,
health risks and mortalities in China. The cru@aidence generated forms the basis for the
governments in China to introduce location-speaificpollution policy interventions to further
reduce air pollution in Beijing and other partsaffina. The methodology presented in this study
can form the basis for future fine-grained air podin and health risk study at the city-district
level in China.
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urban site and 290469/m® in 2018 in the suburban site. APPCAP led to aifiggmt reduction

in PMys, PMyo, NO,, SO and CO concentrations by 7.4, 8.1, 2.4, 1.9 andug§0r/year
respectively, though ©concentration was increased by 1.3 fyear during the five-years.
HAQI results suggest that during the high pollutaays, the more vulnerable groups, such as
the children, and the elderly, should take add#ligmrecautions, beyond the recommendations
currently put forward by Beijing Municipal Envirorental Monitoring Center (BJMEMC). In
2014, PM;s and Q attributed to 29,270 and 3,030 deaths respectiblyugh in 2018 their
mortalities were reduced by 5.6% and 18.5% respsygti The highest mortality was observed in
Haidian and Chaoyang districts, two of the mostségnpopulated areas in Beijing. Beijing’s air
guality has seen a dramatic improvement over treeyear period, which can be attributable to
the implementation of APPCAP and the central govemt’s determination, with significant
drops in the mortalities due to BMand Qin parallel. To further improve air quality in Bigig,
more stringent regulatory measures should be inted to control volatile organic compounds
(VOCs) and reduce fOconcentrations. Consistent air pollution contnaerventions will be
needed to ensure long-term prosperity and envirotehsustainability in Beijing, China’s most
powerful city. This study provides a robust metHody for analyzing air pollution trends,
health risks and mortalities in China. The cru@aidence generated forms the basis for the
governments in China to introduce location-speaiicpollution policy interventions to further
reduce air pollution in Beijing and other partsaffina. The methodology presented in this study
can form the basis for future fine-grained air podin and health risk study at the city-district

level in China.
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1. Introduction

Over the past decades, China has experienced irahidtrialization and economic growth and

become the world’s second-largest economy (WB, R0R@e to air pollution from industries,
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urbanization and higher energy consumption, thentguhas to subsequently take up serious
health burden, and associated economic loss (ledtlest al., 2015; Zhang et al., 2017; Guan et
al., 2019). The Global Burden of Disease (GBD) gtestimated that P exposure led to 852
thousand deaths in China in 2017 (Stanaway e2@L8) and projected the number of deaths can
have reached 2.3 millions by 2030 and 2.7 millibp060 (Xie et al., 2019; OECD, 2016). The
health burden will significantly impact China’s exmy, costing about 2% in 2030 and 2.6 % in
2060 of China’s GDP (OECD, 2016; Xie et al., 2018fer the 2008 Summer Olympics had
been completed in Beijing, air pollution receivee highest awareness in China from the public,
decision-makers and academic community. Specialsfogas put on Beijing, the capital of
China, which suffered from an extremely high lesePM, s pollution (Wang et al., 2010; He et
al., 2016).

To overcome the air pollution challenge, China’'st&tCouncil initiated the “Air Pollution
Prevention and Control Action Plan” (APPCAP) in 30Which set the targets to reduce air
pollution in most polluted cities across China 912 (CSC, 2013). To implement the national
APPCAP and further improve air quality, Beijing Mcipal Government additionally
formulated and released the “Beijing Clean Air AatiPlan: 2013-2017", which set a target for
the yearly average concentration of Mo fall below the threshold of 60 pginby 2017
(CCICED, 2013). It is of great interest to the gowveent, policymakers and the overall general
public to know whether or not Beijing’s air qualityeets the set targets. However, air quality
study in Beijing is complicated by the use of cfmailheating and domestic cooking, transport of
air pollutants from neighbouring provinces, advarsgeorological conditions during the winter
and the high oxidizing power that associates with complex chemical composition (Li et al.,
2017; Lu et al., 2018).

Several studies were conducted to investigate thepallution in Beijing with limited
observational pollutants data, in which the maioubbwas on the urban site or an entire area
with an average of all monitoring stations data (@/at al., 2018). Zhang et al., (2018) observed
the decrease of PM concentration at the urban and the regional backgt site by 3.40 and
1.16 pg/m’lyear from 2014 to 2015, based on a single momigostation in each location. The
fine particle explosive growth events, caused lgyrpid increase in PM mass concentration
over a few hours, steadily decreased from 39 evien®013 to 19 events in 2017 (Liu et al.,
2019), and the number of winter haze days alsoedsed from 47 days in 2012 to 15 days in

3|Page



87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

2017 (Dang and Liao, 2019). Based on one urbantoramy data, Cheng et al. (2019) reported
that the annual average maximum daily 8-hour awe(®PA8-h) G; concentration increased
from 61.4 ug/min 2006 to 96.7 pg/iin 2017 with an increasing rate of 3.55 pdfjrear. The
increasing trend of ozone in Beijing is also repdrby Huang et al., (2018). From 2013 to 2015,
the 90" percentile of annual average MDA8-h 6F Beijing increased from 183.4 to 202.§/m’
(BMEPB, 2015). However, during these three yeang &nnual mean NOconcentration
decreased from 56 to 50 pg/across the urban site (BMEPB, 2015).

The Beijing Municipal Environmental Monitoring Cent(BJMEMC) empowered the Chinese
citizens by providing the real-time hourly obseiwas data of six air pollutants from 35
monitoring sites to protect their health. Globatlye important indicator to inform the public to
take proper outdoor activities is the Air Qualitydex (AQI). However, the AQI neglects the
synergistic health effects of exposure to multgilepollutants. Employing the Health-risk based
Air Quality Index (HAQI) method associated with esgoire to multiple air pollutants and by
comparing the AQI and HAQI, Hu et al., (2015) shdwbkat AQI underestimated the health
risks associated with exposures to multiple politdaespecially during the extremely high air
pollution days. The air pollution exposure and tleammpact assessment are state-of-the-art
infrastructures to protect citizens from atmosph@ollution and safeguard their health (Shi et
al., 2019). However, most of these health risk issidvere undertaken at the city-level and
underestimated the more fine-grained scale, didtased air pollution control policy
development within Beijing itself. The ground-bas&r quality measurements serve the best
data for pollution-attributed district-based matialestimation (Yin et al., 2017; Maji et al.,
2019).

The major objective of this study is to examine temporal and the spatial variation of six
official pollutants based on real-time monitoringtal collected at 35 sites across four typical
sites in Beijing, for the period of 2014 - 2018.eTkecond objective includes trend analysis,
based on the Mann-Kendall test. The health rislso@ated with six official pollutants are
evaluated based on HAQI and the number of diststed pollution-attributed (PM and Q)
premature deaths is also estimated for 16 distiitctBeijing. This study provides a robust
methodology of analyzing air pollution trends, hleaisks and mortality in China, the crucial
evidence generated forms the basis for policy-ngakeChina to introduce location-specific air

pollution policy interventions to further reducer gollution in Beijing. The methodology
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presented in this study can form the basis forréufine-grained air pollution and health risk

study at the city-district level in China.

2. Methodology

2.1.  Monitoring sites and data sources

Five-year time series (January 2014 to DecembeB)26fthourly concentrations of P, Py,
O3, SQ, NO; and CO for Beijing city was downloaded from 35 rtorng stations operated by
the BJMEMC (http://beijingair.sinaapp.com/), whikhd obtained the data from http://pm25.in.
Before 2¢ April 2014, no data was available for CO3 3O and NQ. According to the
monitoring function, the 35 monitoring stations ad&vided into 4 categories: the urban

environmental monitoring site (12 stations), thédwban environmental monitoring site (11
stations), the regional background transmissioa @bntrol site) (7 stations) and the traffic
pollution monitoring site (5 stations) (BJMEMC, @)1 Each station contains automated
monitoring systems utilized to measure the conegéintis of PMs and PM, based on the
National Environmental Protection Standards (NER$$655-2013 (MEP, 2013a), and, 30,

NO, and CO based on the NEPS HJ 193-2013 (MEP, 20ABpur typical sites are listed in
Table S1 and the locations are shown in Fig.1.

The potential quality of all the available data vessessed based on the criteria developed in
previous studies (Song et al., 2017; Silver et2418). After screening, if <90% of hourly data
was available for the whole time series, it wasaead. Based on the above criteria, all the data
from the Mentougou suburban site was removed. Thely data was used to calculate daily,
seasonal and yearly averages for the four-typéted & Beijing. To analyze the five-year time
series for monotonic, linear trends, the Mann-Kéndlel-K) test was used to assess the
significance of trends, and the Theil-Sen estimatas used to calculate the magnitude of the
trend. The R package ‘openair’ was used to perfiomair quality data analysis (R Core Team,
2019; Carslaw and Ropkind, 2012). The M-K nonpatameest is utilized to test for a
significant trend. Advantages of the M-K test gfB: no distributional assumption is made; (2)
no assumption of any specific functional form fbe tbehaviour of the data through time is
made; and (3) the M-K test is resistant to theat$fef outlying observations. The results are not

unduly affected by particularly high or low valudst occur during the time series.
Fig. 1. Location of the 35 air quality monitoring sitesBeijing (Tian et al., 2019)
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2.2.  Health-risk based Air Quality Index (HAQI)

Health-risk based air quality indices (HAQI) wem@posed in a few studies to include exposure-
response characteristics (Hu et al., 2015; Sheh,e2017). To define a HAQI, the total excess
risk (ER) of exposure to multiple pollutants based Cairncross's concept (Cairncross et al.,

2007) was used. In a general form, the excess(E8K) for pollutanti was estimated based on

the relative risk(RR) of the pollutant, using the following expression:

ER=RR-1
1)
where RR =exp[3 (Z —Z )], the exposure-response coefficigff) describes the increased

risk of a population associated with a certain tegdsponse (such as mortality) when exposed

to the pollutanti , Z, is the concentration of the pollutant afd, is the threshold concentration,

below which the pollutant demonstrates no adveesdti effects.

For this study, RR values were chosen from the €@nstudies on long-term exposure to air
pollution and non-accidental daily mortality of atjes. The RR values are 1.06, 1.0111, 1.0169,
1.02 and 1.0255 per 1ﬂg/m3 increase in concentrations of PM PMy,, SO and NQ,
respectively, the value is 1.02 per 2§/m® increase in @ concentration and 1.0255 per one
mg/nT increase in CO concentration (Yang et al., 2018 et al., 2017; Turner et al., 2016;
Atkinson et al., 2018; T. Li et al., 2018).

It was assumed that the air pollution concentratimiow Chinese Ambient Air Quality
Standards (CAAQS) Grade I, posed little or no treaisk. Therefore, the CAAQS 24-hour

Grade Il standard for the six pollutants were uasd/, (https://cleanairasia.org/node8163/).

However, some studies indicated these values cbeldegarded as the threshold values, as
below which a zero adverse response would be exgp€etHO, 2005).

Total ER of all pollutant€ER,, is the sum ofER for the individual pollutants as shown in Eq.

():
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ERwa =2, ER =2 (RR -1)
i=1 i=1
2)
The equivalent relative riskRR ) and equivalent concentratid@, ) is defined as Eq. (3) based

on the assumption that tHeR of a pollutanti is equal toER,, (Hu et al., 2015):
ERw =RR —1=expl8 & -Z,)]-1
3)

The equivalent concentration of (Z), incorporating the health effects from all polhtswas

used to calculate HAQI based on Eq. (4) and (5):

_ (AQI high AQI Iow)

HAQI. = x(Z -Z AQI
Q| (Chigh_clow) (Zl |,0)+ Qlow

(4)

HAQ =max(HAQI, ) i=1to €

(5)

where AQI ngn 1S the index breakpoint corresponding 4g4, . AQ,,, is the index breakpoint
corresponding toZ,,,,. Z, is the concentration breakpoint that is Iargemtt?a*. Z., is the

concentration breakpoint that is smaller tr'é*n The reference concentrations for the pollutants
in different health categories were provided by kiaistry of Ecology and Environment in
China (Hu et al., 2015, see Table S2 in Supplemgaterial).

2.3.  Health impact assessment

To avoid overestimation of mortality attributed &mbient air pollution, two independent
pollutants PMs and Q were used in the present study. In the first sthgelong-term mortality
attributable to pollutant exposure was calculated based on the epidemialoigazard ratio or

relative risk RR , which could link the pollutant concentration tegative health effects. Then

pollutant-attributed premature deaths were estichasing the equation (Zheng et al., 2017):
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AMort =[1-1/RR]x B xE

(6)

where AMort, is the excess premature death due to pollutasixposure for a specific age
group; B, is the baseline death rate of a specific healtbame at a specific age arkg,,, is the
exposed population number.

The Log-Linear model, a commonly used method tomesge the relative riskRR for Os, were

drawn from the past (Pascal et al., 2013; Lin ¢t28117). The model is expressed as:

RR (Z) =exp(BZ), whereZ = max(0Z, -Z,, |

(7)

where Z; represents the ambient concentration of pollutarand with Z , represents the
threshold concentration of the pollutant, assunniadnealth risk association bela#y,. 3 is the

exposure-response coefficient for pollutantan be derived from an epidemiological study. To

estimate non-accidentals@ttributed mortality,RR value from cohort study by Turner et al.,

(2016) was used. District-specific age-specific ydapon and the baseline mortality rate were
extracted from Beijing Statistical Yearbook (BMBX)18). The present study used 75.2 |fg/m
as a threshold concentration fog, @lso recommended by Lelieveld et al., (2015).

As PM; s did not follow the LL exposure-response model, ihgrated exposure-response
(IER) model was developed by Burnett et al. (20fbt)relative risk estimation. The cause-

specificRR was calculated through Eg. (8);

1+a(-exp" 2" ) if Z, >Zo} -

Z )=
RRER( a) {1’ d%

where Z_is the annual average ambient BMoncentration;Z,is the threshold concentration

below which no additional health impacts are caltad; andx, y ando are the parameters used
to describe the different shapes of the relatisk curve among various diseases (Burnett et al.,
2014). The theoretical minimum risk exposure lev&l2.4pg/n? is used for the health risk
assessment. The age and cause-specific baselitterdess for 2014 to 2017 were downloaded
from the GBD study (GBD, 2019). Following the GBPpaoach, premature deaths due to five
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causes (IHD, Stroke, COPD, Lung Cancer and ALRtjibatted to PMs exposure were
calculated for the age groap25 years and <5 years and foFi@lated non-accidental mortality,

the age group25 years were selected.
3. Results and discussion

3.1. Annual and seasonal variation of air pollutant

Table 1 summarizes the annual average concentrattiBivk 5, Os, NO, and SQ in four typical
sites in Beijing. The annual PM concentrations exceeded the Chinese national amhie
quality standards (CNAAQS) Grade Il (35 pgjrin all sites in 2014 to 2018 and varied from
88.5+77.4 pg/rh(suburban) to 98.6+89.0 pgirtraffic) in 2014, although the range decreased
to 50.6+46.6 pug/fh(suburban) to 56.1+47.0 pgirtregional background) in 2018. The average
seasonal Pl concentration was in the order of winter> autunspsing>summer in the year
2014-2017 (Table 1). In the winter on average higAM.,s was observed in the regional
background (104.8 pgfnand traffic site (105.4 pgfnand in the summer on average lower
PM, s is observed in the suburban site (54.3 [y/and regional background site (54.2 pud)im
In 2018, the average RM concentration in the spring is higher than winteall sites due to
smog events in March 2018 (Mullin, 2018). The ager&M s concentration in the spring was
69.2-73.5 pg/mand 73.7-55.7 pgffin the winter in 2018. Predominantly, high PMn the
winter in Beijing was mainly attributed to the adse meteorological conditions like low
temperature and lower boundary layer height, lessipitation and weaker wind and solid fuel
(coal) combustion for indoor heating (Che et @14 Liu et al., 2019).

The annual average of MDA8-h ozone concentratioklsl§A8-h) was 112.8+65.8 pg/m
115+63.5 ug/m 117+62.6 pg/mand 83.6+50.3 pg/frin the urban, the suburban, the regional
background and the traffic sites in 2014. AMDAS8-hwas almost stable from 2015 to 2017 in
Beijing (ranging from 94.6+60.5 pghrin 2015 to 94.8+57.1 pgfnin 2017) and further
increased to 82.8+50.5 ugtiraffic) to 105.4+60.9 pg/f(suburban) in 2018. {oncentration
was a little higher in suburban area than othedsthe lowest was observed in the traffic site. In
the traffic site, the dilution of £s due to the higher photochemical reactions Wi@y and CO,
exhaust from vehicles. The seasonals oncentration was in the order of
summer>spring>autumn>winter in all the years. IM£0the average daily maximum 8-h
(MDAB8-h) ozone was 125.9 ugtraffic) to 167.7 pg/h(suburban) in the summer and 39.9
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pg/nt (traffic) to 46.8 pg/m (suburban) in the winter. The MDA8-h ozone hasage from
133.1 pg/m (traffic) to 167.2 pg/m(suburban) in the summer and 45.7 p(traffic) to 60.6
ng/nt (background site) in the winter in 2018 (Table The o percentile of annual MDAS8-h
ozone concentrations in Beijing was quite high2@4.5 ug/m® in 2014, and 197.Lg/m® in
2018, which exceeds Grade Il Standard (1§0n°) by 23.2%. Lu et al., (2019) pointed out that
the ozone concentration in the summer could b#atéd to high temperature and low-humidity
conditions, inducing an increase of biogenic v@@atrganic compounds emissions and enhanced
ozone production rate.

The annual average N@oncentration exceeded the CNAAQS Grade I (40rf)gin all the
years in the urban (range: 55.9+30.8 im2014 to 43.6+26.2 pgfin 2018) and the traffic
(range: 82.1+32.7 ugfhin 2014 to 64.4+28.7 pgfhin 2018) sites, whilst NOnever exceeded
the standard in regional background site (range+3P.8 pg/min 2014 to 32.5+17.6 pugfhin
2018). In traffic site, relatively high NOwas observed due to N@xhaust from vehicles.
Generally, NQ concentration is higher in the winter and lowethe summer season in all site
(Table 1). The annual average Sfncentration never exceeded even the CNAAQS Qrezle
ng/nt) and gradually decreased from 348.0 pg/m in 2014 to 5.97.6 ug/ni in the year 2018.

Table 1. Annual average pollution concentrations from 26442018 in four-type of sites in
Beijing (US, SUB, RBS and TS represent the urbae, she suburban site, the
regional background site and the traffic site; @mation unit is in pg/f)

3.2.  Dalily variation

The daily average PM, MDA8-h O;, NO, and SQ concentration (pg/fh from 2014 to 2018
across four typical sites is shown in Fig.2a.,RMhows a similar trend across all four typical
sites and most of the highest peaks were obsemged January to February. BMvalues
remained flat from May to August, then they gratjusdcreased from October to December. In
2014, from January-February, the daily PMoncentration dropped gently from a maximum of
378.6419.4 pg/mto a minimum of 12.214.6 pg/m in May-August, then it slowly increased to
330.6393.6 pg/rﬁ during October-December. Whereas in 2018 relativielwer PM s
concentrations were observed during this time, te maximum PMs concentration was
168.7-184.3 ug/mbetween January-February, the minimum was 10.8-1@/ni in May-
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283 August and it peaked again at 211.6-258.4 figmOctober-December. The most extreme
284 events occurred during November"Xp December $tand December 19-#62015 was related
285 to the Southeast Asian haze, and the highestsRidncentration shoots up to 537:§/m’ on
286 December 25 (Koplitz et al., 2016; Z. Liu et al012; Dang and Liao, 2019). The Taklimakan
287 Desert in Northwest China witnesses frequent dsstrsevents, which bring about significant
288 impacts on the downstream air quality (Li et aD18), and for that reason, the non-seasonal
289 PM;,sconcentration peak was observed during March tg iM#eijing (BBC, 2017). The traffic
290 site recorded the maximum number of days (190 deds3h exceeded Grade Il standard of
291 PM.s concentration (7mg/m°) while suburban site recorded the minimum numtietays (169
292 days) in 2014, and the corresponding number of diggseased to 80 and 71, respectively, in
293 2018. The total number of days exceeding the GHastkandards for daily average BMduring
294  the period 20142018 was 626, accounting for 34% of the total nundbelays. It is important to
295 note that urban and suburban sites have a to#® ofays (with 18 days in 2014 and 15 days in
296 2015) and 41 days (with 16 days in 2014 and 12 day915), in which PMs concentrations
297  were higher than 250,y/n?, the AQI of these days should be considered dgyhimhealthy.

298 Fig.2b shows the MDAS8-h ©concentrations across four-type of sites during42R018.
299 Generally, the monthly variability of ground-lew@} concentrations peaked in May to August
300 (summer) and was the lowest in January, FebruadyDmtember (winter). In 2014, The peak
301 and valley values of ground-level MDAS8-hjs;Qoncentrations in the urban site were
302 311.6ug/m*and 6.0ug/m?, which were reached in May and November, respelstiWWhereas
303 in 2018, the maximum of 290.6g/m® was reached in the suburban site in June and the
304 minimum of 7.3ug/m®was reacheth the urban site in December. Relatively low MDA
305 was observed in the traffic site due to high phb&ical reaction rates in higher NO
306 concentration. The total number of days exceedirad6 Il standards (16@g/m°) for O; was
307 291 during 2014018 (63 days in 2014 and 62 days in 2018), acauyiivr 16% of the total
308 number of days.

309 Typically, NG, exhibits U-shape patterns in a year; lower vaineBlay to August and higher
310 values in January, November and December (FigBw. traffic site showed flatter U-shapes
311 due to continuous vehicular emission of N@ the site and the concentration was quite a bit
312 higher than the other sites. In December 2014piteimum NQ concentration was 116;&/m°
313 (suburban) to 148.8g/m’ (traffic) and decreased to 77u8/m’® (regional background) to 102.5
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ng/m® (traffic) in December 2018. The highest peak waseoved during®ito 6" January 2017,
NO, concentration reached 146148.9 ug/nt. The number of days exceeding Grade II
standards for daily average N80 pug/m°®) during the period 2014-2018 was 152, in which the
lowest exceeded days (18 days) was observed in 2018

Substantially, S@exhibited U-shape patterns in all years; loweugalin May to August, and
higher values in January, November and December2@h in all sites, with higher values in
traffic sites. A smooth decreasing trends were feseat all sites, from maximum peaks of
74.0-96.2ug/m’ in December 2014 to 13.2-18.8/m° in December 2018.

Fig. 2. Daily average pollution concentrations (a: Bjvb: MDA8-h G;; ¢: NO;; d: SQ) at the
four typical sites in Beijing from 2014 to 2018n(ts are pg/n) (PM,sextreme events
shown in the box and green horizontal line indrogithe Grade Il standard).

3.3. Diurnal variation

Fig.3a shows the annual diurnal variation of ZMoncentrations across four different typical
sites from 2014 to 2018 in Beijing. The diurnal iaion of PM s concentrations was by and
large characterized by a “W” type double wave. Tin@ning peak occurred around 08:00 to
11:00, and an afternoon valley between 15:00 t@@7The peak in the night appeared after
19:00 or midnight and then gradually decreasedhénearly hours of the morning. In 2014, the
minimum and maximum values of hourly RMwere 81.9ug/m® and 99.7ug/m’ at 16:00 and
23:00 in the urban site, whereas, in the traffte,sihe observed values were 87.3 fgamd
110.2ug/m’, observed at 14:00 and 01:00. As the year proggessserall PMs concentration
was decreased and more flat diurnal variation wlasewed. In 2018, the minimum and
maximum values were 49;8/m°® (at 07:00 and 16:00) and 56.8/m"® (at 23:00) in the urban
site, and 50.3g/m° (at 16:00) and 59.9 pgfgat 23:00) in the traffic site.

The morning and evening peaks were attributabpamto the enhanced human activities during
the rush hours, and the afternoon valley was maitihjbutable to a higher atmospheric mixing
layer, which enhanced air pollution diffusion (Martet al., 2015). It can be observed from Fig.
3b that the diurnal variability showed a strongsseal variability between the summer and
winter for the year 2014 and 2018. In the sumniex,average concentration of pollutants was

higher during the daytime and reduced at nightctviciontrasted with the situation in the winter.

12|Page



344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

In the summer, a peak was observed between 08:02:68, though a deep valley occurred
between 07:00 to 15:00 in the winter. This differenvas mainly due to the diverse sources of
pollution and their distinct formation mechanismsdifferent seasons. The air quality in the
summer was more affected by human activities, amohg the night, with the decrease in human
activities, the concentration of pollutants droppe lower level. The main factors influencing
outdoor air quality during the winter were the spart and diffusion effects of external pollution
sources and the burning of indoor biomass for hgafiLiu et al., 2019; Shi et al., 2019). The
impact of human activities was relatively small augperseded by meteorological conditions in
the winter. Therefore, during the night time, tbevér atmospheric and stagnant wind conditions
aggravated the accumulation of pollutants and asmd the Pl concentrations (Lang et al.,
2017; Zhang & Cao, 2015). Similar seasonal diuuaalations of PMs was noted for the year
2014 (Martini et al., 2015).

Fig.3c shows the hourly average diurnal variatiénOg concentrations during 2014-2018,
which was opposite that of the other air polluta@sone concentrations reach a minimum value
before sunrise. Around 09:00, along with increagessolar radiation and temperature,
photochemical reactions become more active. Ozoneeantrations begin to increase, and they
peak around 18:00-20:00. The highest peak cont¢emraas observed in Summer. In winter,
the peak concentration of ozone appeared earltegr@aund 17:00. From 06:00 to 09:00,
coinciding with the morning peak traffic, the contration of NO increases rapidly. Solar
radiation is still weak during this period; thusetconcentration of ozone decreases due to
titration with NO (Q + NO— NO; + O,). Between 21:00 and 23:00, the concentration ohez
decreases rapidly due to the decrease in solaati@diand titration with NO during evening
peak traffic. In the urban site in 2018, the minfmand maximum values of hourly average
Os; concentration were 29.4 pgiand 95.2ug/m®, observed at 8.00 and 19:00, respectively.
In the traffic site in 2018, the minimum and maximualues were 20.9 pgfmand
75.5ug/m’, observed at 9:00 and 19:00, respectively. Thendluvariations of @ in the
summer and winter has undergone a huge shape nrplansts and the hourly concentration
on summer days was significantly higher than thngbke winter (Fig.3d). In 2018, the minimum
and maximum @in the summer in the urban site were 45.0 [fgind 153.81g/m® and, in the
winter, 27.3 pg/mand 50.9ug/m®, respectively. Overall, the amplitude of the vdoia in

ozone concentration was increased in 5-years.
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The diurnal variation in N@concentrations can be represented by two peals3@jiexcept in
the regional background sites. The first peak wa¥7800—-8:00 and the second one appeared in
20:00-22:00; the second peak was significantly drigthan the first one. In the regional
background site, there was a sharp decline at +4%00 and the peak was reached at 21:00-
22:00. The peak in the morning could be attributethe rush hour traffic and a peak at night
might be related to N accumulation caused by relatively unfavourabletheraconditions and
high NO emissions (Cheng et al., 2018). Heavy tlieskicles are allowed to enter the city at
night, resulting in a large amount of NO emissiahsight (Sun et al., 2013). The shapes of the
diurnal variations in each site are different ahd tverall NQ concentration decreased across
all the sites from 2014 to 2018. The minimum anckimam values were quite different in the
urban site (28.7 pgfrand 53.1ug/m® in 2018) and traffic site (50.4 pgirand 72.7ug/m® in
2018). The hourly concentrations of N@uring the winter days were significantly highkar
those in the summer (Fig. 3f). This phenomenon inlgh attributable to the difference in
meteorological conditions. The decrease of,MOncentrations in the afternoon was related to
the increase of boundary layer height and an iser@awind speed which results in the dilution
of pollutants. With the decrease in N@nd CO concentrations in the afternoon; O
concentrations increased and it was suggested thigatmaximum @ concentration in the
afternoon was mainly due to photochemical reactioder intense solar radiation conditions,
leading to the consumption of N@nd CO emissions (Shi et al., 2019). A unimodalpshis
observed for the annual average diurnal variatioh§0O, (Fig.3g). In the urban area, the
minimum hourly average values were observed at t6/87 and 4.7ug/m® in 2014 and 2018

at early morning 06:00 and the maximum values whé&r® pg/m and 7.2ug/m® in 2014 and
2018 during 10:00-13:00. The diurnal variationhe tvinter was much higher than the summer
and each is different in shape (Fig.3h).

Fig. 3. Diurnal variations of PMs (a and b), @(c and d), N@ (e and f) and S©(g and h) at
four typical sites in Beijing. (a, ¢, e and g farayly average, and b, d, f and h for the
seasonal summer and winter variations in 2014 aig@y

3.4. The trend of pollutants from 2014 to 2018
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The Theil-Sen estimator was used to calculate tlagnitude of the long-term trend after
accounting for seasonal variations in the data.4Fgesents yearly average changes of air
pollutant concentrations at the urban, the suburthenregional background and the traffic sites
of Beijing from 2014 to 2018. Specifically, averagearly changes were, for BM(-7.7, -7.0, -
6.3 and -8.4 pg/ffyear for the urban, the suburban, the regionakdpaund and the traffic
sites, respectively), NK(-2.7, -1.7, - 1.4 and -3.9 ugliyear), MDA8-h Q (1.7, 2.0, -0.9 and
2.5 ug/nilyear), SQ (-2.1, -1.4, -1.9 and -2.2 pgityear), PM, ( -9.6, -7.9, -5.1 and -9.7
pg/ntlyear) and CO (-0.07, -0.08, -0.06 and -0.11 niyear). The error on the bar shows the
minimum and maximum yearly change with 95% confaeimterval (95% CI). Fig.4 shows that
the air pollution action plan has significantly dimeated the air quality of Beijing at all four-
type of sites, especially for PMand PM,, whereas, except for the regional background site,
MDABS8-h Oz increased significantly in all sites. The Actiolafalso led to a decrease in Sd
NO; but to a lesser extent than that of CO,,RMnd PM,, indicating that S@and NQ were
significantly affected by other less well-contrallessources. The urban and the traffic sites
showed a bigger decrease in RMPM,,, NO, and SQ concentrations in comparison to the
other sites. After accounting for seasonal vamatjdVIDA8-h showed a positive trend, although
annual average MDA8-h {Zoncentration decreased during the study periosivtas due to the
increase of summer MDAS8-h value.

Cheng et al., (2016) reported the increase of MIDAB; in the urban area by 2.2 pg/year,
and a slight decrease at background station byu/&t/year from 2004 to 2015. Vu et al.,
(2019) estimated the annual average levels of #MM;0, SG, NO, and CO decreased by 7.4,
7.6, 3.1, 2.5 and 94 pglmyear, respectively, whereas the level of iBcreased by 1.0
ng/ntlyear during 2013 to 2017. The higher decreasiteyshPM s was observed in the urban
areas in North China, by 10 pgihyear during 2013-2017 (Li et al., 2020). The azancreases

in Beijing were largely due to higher backgrounamea driven by urban heat island effects and
increase in summertime biogenic emissions of VO MOx (Lu et al., 2019; Cheng et al.,
2019; Chen et al., 2019). However, Li et al., (20d'@ued that the decrease of RMontributes
more than the decrease of N@ VOCs emissions to ozone increasing trends ima&tand this

is mainly due to aerosol chemistry rather than qlysts.
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Fig. 4. The trend of pollutants from 2014 to 2018 (mealues with error bars represent 95%
confidence intervals; unit inug/m3/year for PM5s Os;, NO,, SG and PMo, and in
mg/ntlyear for CO).

The trend of ozone in only positive in Beijing atietre are various reasons: (a) The biogenic
VOCs emissions alone enhance surface DMA8 ozonedme than 29.4ig/m® over central-
eastern China in July-August, mainly driven by higimperatures (X. Lu et al., 2019). (b) The
precursor material from long-distance transport thaslargest contribution to ambient ozone in
some provinces in China. The emission rate of peees in Beijing has decreased, however, the
VOCs from nearby areas still make the surface ozmmeentration rise (Gao et al., 2019). (c)
Reduced PWMs levels also plausibly cause an increase iléel due to impacts on ozone
photochemistry and heterogeneous chemistry on @esadgaces. Primarily Py scavenges the
hydroperoxy (HQ) and NQ radicals that would otherwise produce Wang et al., 2019). (d)
Also, meteorological conditions were dominant drsvef the ground ozone concentrations, as
the surface temperature. Compared to the previeassysummer of 2017 had hotter and drier
weather conditions, which promoted ozone productiod led to higher ozone levels in 2017 in
North China Plain (Ding et al., 2019a).

3.5.  Health-risk-based AQI (HAQI)

The exposure-response coefficient characterizesretetionship of pollutants exposure and
corresponding additional mortality health risk daeghe six pollutants when their concentrations
are higher than CAAQS Grade Il. Although some aslvdrealth impacts may still exist below
the CAAQS Grade Il standard, the impact is muchllem@/VHO, 2005). Fig.5a shows the
percentage of total average ER values for all patits in four regions in Beijing from 2014 to
2018. For the six pollutants, BMand PM, were the two major pollutants that contributed the
highest percentage of total ER, Pitontributed 71.5% (in the suburban area) to 81(i5%the
traffic area) and PM contributed 9.9% (background site) to 14.1% (ica$ite). The average
contributions by @ NGO, and CO were 5.4%, 4.2% and 2.6% of total ER, sy, although
their health effects were also significant. Theulssreveal that Plk is the top threat to public

health regarding non-accidental mortality amongpbkutants.
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Each day (from the year 2014 to 2018) is classiiitd five risk categories based on AQI. The
classification of the category on a certain dayld¢@hange if based on HAQI (Fig.5b). There is
no misclassification when AQI is less than 100 (A@bked health days), as HAQI is equal to
AQI. The number of days having good-to-moderate I(ATX100) and hazardous (AQI: > 300)
health risk in regional background site was 974 &ndand in the traffic site, 894 and 67 days. In
this context, the air quality was healthier in tegional background site than in the traffic site.
For AQI-based light pollution days (180AQI<150), 82, 9.4 and 8.5% of days and 77.5, 13.4
and 9.1% of days would be ‘unhealthy for sensityweups’, ‘unhealthy’ and ‘very unhealthy’
pollution based on HAQI values in the urban and tita#fic site, respectively. In moderate
pollution days (AQI: 151-200), 39.3, 25.6 and 35.8f%@ays and 31.7, 10.8 and 57.5% of days
would be ‘unhealthy’, ‘very unhealthy’ and ‘*hazau$6 pollution days based on HAQI values in
the urban and the traffic sites, respectively. Amderious days (AQI: 201-300), above 88% of
the days would be ‘hazardous’ based on HAQI irsidis. In this perspective, the results detect
that the health risks are underestimated basedmiesAQI system in many days. The public is
exposed to multiple pollutants on most pollutionyglawhile AQI captures only the single
pollutant with the ‘greatest health risk’, neglectithe mortality risk of other pollutants. From
2014 to 2018, the average HAQI value decreasecdr6% per year.

Fig. 5. (a) Percentage of the excessive risk of polluttots 2014 to 2018. (b) Comparison of
the HAQI-classified health risk categories with %@l-classified categories (with the
average number of days in different ranges; the cluall year data was included in the
analysis).

3.6.  Air pollutants-attributed total premature nadity

The PM s and Q exposure levels vary significantly throughout ylear due to both naturogenic
reasons such as meteorology and to anthropogenssiens like transport. Therefore, based on
the daily data the Monte Carlo simulation of PMind Q were used to calculate district wise
pollution concentration in Beijing. Fig.6 (a and m@presents the district wise 5-year annual
average PMs and Q concentration in Beijing and shows a substanpatial heterogeneity,
where PM s pollution was high in the central and southernigpand @ pollution was high in the
northern parts of Beijing. In 2014, BMand Q attributed total deaths were 29.27 (95% CI:
18.79-35.4) thousands and 3.03 (95% CI: 1.54-6@)sands (Fig.6 ¢ and e). After five years,
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the estimated number of deaths by RMnd Q decreased by 5.6% and 18.5% (Fig.6 d and f). In
PM, s-attributed mortality, ischemic heart disease (IHBPrebrovascular disease (Stroke),
chronic obstructive pulmonary disease (COPD), lcagcer (LC) among adults (ag85 years),
and acute lower respiratory infection (ALRI) in lclnen (age5 years) contributed to 37.4, 49.0,
7.2, 6.3 and 0.2%, respectively. It should be natediable 2, that premature death is directly
proportional to the population size. In Fig.6 (apws that PMs pollution was higher in Daxing,
Fangshan and Tongzhou districts while the totab RPMtributed deaths in these districts were
smaller than those in Haidian, Fengtai and Chaowiisigicts due to differences in population
distribution across these districts (Fig.S12 andl@ ). The highest premature deaths (due to
PM,sand Q) were observed in Haidian (5364 in 2014 and 4663018) and Chaoyang (5751
and 5049) and the lowest deaths were observed migig (484 and 462) and Mentougou (477
and 461). More details have been reported in T8dland Table S5 (Supplementary Material).
Even though the pollutant concentrations were suibistily reduced in these five years, the total
attributed deaths were not reduced, as the totalafity rate, population and aged population
(>25 years) were increased by 5.28, 0.93 and 5.0&%pectively. The cities of Tianjin and
Hebei in the Beijing-Tianjin-Hebei (BTH) region, alied a 2.35% decrease and a 15.7%
increase in premature deaths from 2010 to 2015 éfal, 2019). Zhang et al. (2019) reported a
17.2% decrease in total non-accidental mortalit€inina during 2013-2017, whereas Ding et al.,
(2019b) reported 20.7% decrease of cause-specditafity during the same period, although
Wu et al. (2019) observed almost no decrease inuh#er of PMsrelated premature deaths in
the Pearl River Delta region from 2006 to 2015.

Fig. 6. District-specific (a) annual average Rdtoncentration (ug/fh, (b) annual averagesO
concentration (pg/fM in Beijing from 2014 to 2018, PMattributed premature
mortality for the year (c) 2014 and (d) 2018, anda@ributed premature mortality for
the year (c) 2014 and (d) 2018.

Note: DAX, MEN, HAI, MIY, YAN, HUA, PIN, SHI, FEN,DON, SHU, FAN, CHA, XIC,
CHA and TON refer to the districts of Daxing, Memgmu, Haidian, Miyun, Yanqing,
Huairou, Pinggu, Shijingshan, Fengtai, Dongchenbun$i, Fangshan, Chaoyang,
Xicheng, Changping and Tongzhou

Table 2. Cause-specific premature deaths attributed tgd2Md Q in 16 districts in Beijing
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Very few district-specific health risk assessmewirks have been done in the past, Yin et al.
(2017) estimated the maximum and minimum Bdttributed deaths at 1773 in Chaoyang and
113 in Yanging in 2012. At the city-level, BMrelated reported deaths were 20.9 thousands
(Song et al., 2017) and 25.5 thousands (Li ekallg8) in 2015, 17.7 thousands (Anenberg et al.,
2019) and 18.2 thousands in 2016 (Maji et al., 2028.8 thousands in 2017 (Ding et al.,
2019b). Ozone-related total reported deaths wé&& thousands in 2015 (Xiang et al., 2019) and
2.1 thousands in 2016 (Maji et al., 2019). Thidedd@nce in estimated pollution attributed deaths
is mainly due to different methodologies for estiimg death and ground-level ozone, and
exposure-response coefficient. Most of the pastissuused the average mortality rate and age
group population values for China as a whole, whiehe very different from the district-based
values. For example, in 2017, the average mortadity in Beijing was 6.2%, while the mortality
rates in Miyun and Changping districts were 9.5% 214%.

4. Policy implications

Air quality improvement is important for the futupeosperity and sustainability of China’s most
powerful city, Beijing. This improvement in air ditg did not happen by chance. It was the
result of an enormous investment of time, resouacespolitical will. In 1998 Beijing declared
war on air pollution. The challenge was to find wagy improve air quality in one of the largest
and fastest-growing cities in the developing woAd. pollution issue in Beijing is partially due
to the energy source, especially the higher ussotidi and liquid fuel problems in the current
stage in China. On the one hand, actions of eneyservation and low-carbon energy
transitions to reduce GQemissions also reduce other co-emitted air paitstabringing co-
benefits for air quality (Zhang et al., 2016). histstudy, we emphasize the effects of past air
pollution control and action plan to improve thereat environmental situation in Beijing, even
though PM s concentration did not achieve the national stathdad Q concentration continued
to increase due to growing VOC emissions in Beijifigne Chinese government should
strengthen the co-governance policy design in titeré to achieve maximal effects with
minimal economic loss. In summary, in this studg provide a comprehensive assessment of
the air quality in urban, suburban and traffic areéaBeijing, and districts level health burden,
which is valuable for policymakers. Now the Beijiagthority should develop new district-based

policy, on (1) motor vehicle pollution control bysing green transportation, (2) coal-fired
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pollution control by using green energy, (3) keylyged industries control by strengthening the
air quality standard, (4) fugitive dust pollutionntrol by using urban green infrastructure, and
(5) new technology application in environmental tpobion, for near-term air quality targets

achievement.
5. Conclusion

In this study, data for six official air pollutanése analyzed in 35 monitoring sites (divided into
four types, respectively, the urban, the suburb@nyegional background, and the traffic site) in
Beijing based on the data from 2014 to 2018. Ndntée 35 sites has met the Grade Il Chinese
ambient air quality standards for M The minimum annual average RPMvas observed in the
Badaling monitoring site (68.8 ugfinin 2014 and the Miyun Reservoir site (45.1 p3/in
2018, and the maximum was observed at 125.3 }igfr2014 and 72.2 pgfhin 2018 in the
Liuli River site. The highest peak was observedaile December 2015 during the Southeast
Asian haze. During the 626 days or almost half lné five-year studied period, BM
concentration had consistently exceeded the Grad@mndard. @ also exceeded the Grade I
standard for 291 days, which peaks at 31/n° (in May) in 2014 and 290.6g/m® (in June)

in 2018. Very high seasonal variations were obskrige all six pollutants. The stagnant
meteorological conditions and the use of fossilduer indoor heating accounted for the high
PM, s concentration in the winter. The decreasing tremdee observed for PM, PMyo, NO,,
SO, and CO, whereas, sOncreased during this time. Among the six pollisafPM s was the
major threat to public health and the health riglkeye underestimated based on the current
simple AQI reporting system. From 2014 to 2018, dmange of PMs and Q attributed
mortality is low, mainly due to the increase ofalamnortality rate, the population as well as the
aged population. The diurnal variation can be adgeource of information for a person’s
exposure assessment during an outdoor visit. Futesearch can focus on the chemical
composition and source apportionment of fine padicurban meteorology during haze and
photochemistry for Beijing for a longer time. Fuetmore, to improve the quality of life, the
authorities in Beijing may want to impose even mstiéngent and effective pollutant control
measures, specifically targeting at the most petludistricts in Beijing, such as Chaoyang and
Haidian, with priority given to controlling VOCs dnndustrial pollution in Beijing and the

nearby urban regions.
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Table 1.

Annual average pollution concentrations from 206442018 in four typical sites in Beijing (US, SURBS and TS represent the

urban site, the sub-urban site, the regional backut site and the traffic site; concentration it pg/nT)

Sites 2014 2015 2016 2017 2018

us 89.8+81.5 83.1+83.2 74.5+72.4 60.3+63.9 52.4+49.0

P, . | SUB 88.5+77.4 80.5+76.1 70.6+66.4 59.0+59.3 50.6+46.6
25 | RBS 89.3+75.3 81.1+72.0 74.7464.6 60.3+56.1 56.1+47.0
TS 98.6+89.0 90.5+91.4 80.7+79.1 65.5+68.7 55.3+52.5

us 112.8465.8 | 99.6+65.7 97.3+63.4 97.7+60.1 103.3 +59.6

o. |SuB 115.0+63.5 | 99.9+62.9 100.9+62.4 | 104.1+61.8 | 105.4+60.9
% |RBS 117.0462.6 | 102.0+62.2 101.4459.2 97.8+53.4 103.8454.5
TS 83.6+50.3 76.8+51.3 78.6+52.4 79.8+52.9 82.8+50.5

us 55.9+30.8 52.2+30.9 51.3+30.0 48.1+28.0 43.6+ 26.2

NG, | SUB 45.1+24.2 43.5+25.6 42 .8+25.4 42.0+23.6 375+ 215
2 | RBS 37.9+19.8 37.1+21.6 37.1+20.8 34.9+18.1 32.5+17.6
TS 82.1+32.7 75.7+33.3 69.8+31.4 67.2+30.2 64.4+28.7

us 13.7+12.9 14.0+14.6 10.5+10.6 8.1+8.8 5.9+4.0

SO, SUB 12.3 +12.0 13.4+14.1 10.7+10.2 8.6+8.7 6.0+4.0
RBS 14.9+11.0 13.4+13.1 10.6+9.2 8.9+8.0 6.3+4.6

TS 16.0+14.0 17.5+17.0 13.9+12.0 6.345.2 7.6+4.9




Table 2. Cause-specific premature deaths attributed tef2kd Q in 16 districts in Beijing

2014 2018

PM;s O3 PM, 5 O3

Districts IHD Stroke COPD LC ALRI Non- IHD Stroke | COPD LC ALRI Non-
accidental accidental

Daxing 787 1032 180 156 4 205 874 1145 154 134 4 3 17
Mentougou 150 198 30 26 1 72 154 200 25 2P 1 59
Haidian 1832 2410 387 334 9 392 1687 2197 284 246 6 233
Miyun 232 305 45 39 1 172 232 299 37 32 1 151
Yanqing 153 201 29 26 1 71 162 209 26 22 1 42
Huairou 187 246 37 33 1 98 192 247 31 26 1 52
Pinggu 208 274 42 37 1 102 217 283 37 32 1 110
Shijingshan 324 426 68 60 2 104 299 390 5P 44 L 100
Fengtai 1161 1524 258 220 6 213 1067 1392 185 159 4 156
Dongcheng 458 602 100 86 2 173 41y 545 v g2 P 137
Shunyi 499 656 103 90 2 212 547 712 92 80 2 208
Fangshan 532 696 125 108 3 141 580 759 107 91 2 189
Chaoyang 1967 2580 422 366 10 406 1812 2361 306 265 7 299
Xicheng 651 855 137 120 3 283 591 770 100 8b 2 194
Changping 934 1228 187 160 4 231 978 1259 157 135 3 178
Tongzhou 693 908 161 138 4 158 754 98|9 136 119 3 1 19




Highlights:

* Five years long criteria air pollutants data injiBgi were analyzed.

* The significant reduction of PM, PMy,, NO,, SG, and CO (7.4, 8.1, 2.4, 1.9 and
80 pg/ni/ year).

« Oz concentration increased (1.3 pdfyear) during the time frame.

» HAQI results suggest that in high pollution dayse sensitive population groups
such as children and the elderly should take mirggent.

 From 2014 to 2018, PM and Q attributed total deaths were decreased by 5.6%
and 18.5%.
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Note: DAX, MEN, HAI, MIY, YAN, HUA, PIN, SHI, FEN,DON, SHU, FAN, CHA, XIC,
CHA and TON refer to the districts of Daxing, Memgou, Haidian, Miyun, Yanging,
Huairou, Pinggu, Shijingshan, Fengtai, Dongchengngi, Fangshan, Chaoyang,
Xicheng, Changping and Tongzhou
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