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Abstract In this paper, using concentration data of PM, 5 in 2013 in China and referring to a lot of literature, we preliminary studied the pol-

lution of fine particulate matter and summarized PM, 5 source apportionment in the key cities in China. Our results showed that PM, ; showed

significant spatial and temporal distribution; high surface concentrations of PM, ; concentrated mainly in the North China Plain, the Sichuan

Basin, Yangtze River Delta and other regions; the average annual concentration of PM, ; was about 80wg/m’ in North China Plain; Seasonal

changes in the concentration of PM, ; was winter > spring > autumn > summer; fired sources, industrial sources, vehicle exhaust were the ma-

jor sources of PM, 5 ; motor vehicle exhaust mostly contributed 10% —30% to PM, ;. This review provides a fundamental understanding of

PM, 5 source apportionment and serves as an important reference for future source apportionment studies to be widely conducted in China.
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1 Introduction
With China’s rapid economic development, accelerated process of
urbanization and expansion of industrial scale, the regional air

pollution is worsening'".

The recent haze with fine particulate
matter as characteristic pollutants occurring in many areas of Chi-
na, has posed a huge threat to visibility, public health and urban

>= The fine particulate matter is a dominant factor

landscape’
causing the haze phenomenon, which consists of primary particles
and secondary particles directly discharged into the air. The pri-
mary particles are mainly composed of dust particles and carbon
black particles arising from the combustion of plant and fossil fuel ;
the secondary particles are mainly composed of sulfate, nitrate and
ammonium, often causing greater pollution than conventional air
pollutants™’. The newly revised Ambient Air Quality Standards
(GB3095 —2012) in 2012 included PM, ; in the conventional
air quality assessment, and it was the first time for China to devel-
op PM, ; standards. Monitoring shows that the average annual con-
centration of PM, 5 in many cities of China exceeds the national
standard, and the study of pollution levels and characteristics of
PM, 5 in atmosphere can provide a theoretical basis for further re-
searching its source and prevention measures. Using the scientific
source apportionment method to determine the source of PM,  is
the key to control and governance, and the source apportionment
of atmospheric particulate matter is mainly to carry out qualitative
or quantitative identification of sources of atmospheric particles.
China’s source apportionment studies started late, and it did not
perform the source apportionment studies until the late 1980s'® .
At present, the source apportionment methods mainly include

source checklist method, source model method, receptor model
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method and the method of combining source model with receptor
model. China now mainly uses the receptor model as the analytical
instrument. In Technical Guide for Source Apportionment of Atmos-
pheric Particulate Matter ( Trial) developed in 2013'7", it pro-
posed requirements on the source apportionment work of cities, ur-
ban agglomeration and regions by stages. Based on a lot of techni-
cal literature, this paper uses the fine particulate matter concen-
tration data of key environmental protection cities in 2013 to sum-
marize the pollution situation of fine particulate matter in China
and source apportionment of fine particulate matter in the key cit-
ies, in order to provide a reference for other staff, and thus pro-
vide comprehensive effective information for management depart-

ments to minimize the adverse effects of PM, 5 pollution.

2 Data sources

The PM, 5 concentration data of 74 cities in 2013 are from Green-
peace'®’ which collects full-year daily hourly PM, ; data about all
stations in 2013 from public information platform of the Ministry of
Environmental Protection and local environmental protection de-
partments. On this basis, using the arithmetic average method, we
calculate the annual average value of PM, ; in different cities, re-
spectively. The 74 cities are the first batch of cities implementing
Ambient Air Quality Standards (GB3095 —2012), and they have
more complete and continuous PM, ; monitoring data than other
cities. The fine particulate matter concentration and source appor-
tionment results of some other cities are from literature and related

research reports.

3 PM, ; concentration distribution in China

3.1 Spatial distribution of PM, ; in China According to new
Ambient Air Quality Standards, the average annual concentration
of PM, 5 at 35g/m’ reaches the standard. In accordance with the

air quality ranking of 74 cities released in 2013, the average annu-
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al concentration is highest in Xingtai City, up to 155pg/m’; the
average annual concentration is lowest in Haikou City, up to 25.6
pg/m’. The average annual concentration of PM, , in nearly 92%
of cities does not meet the national standards. The average annual
concentration in the northern city of China is calculated at 89.9
pg/m’; the average annual concentration in the southern city of
China is calculated at 59.4 pug/m’
tion in the eastern city of China is calculated at 70.6 wg/m’; the

; the average annual concentra-

average annual concentration in the central city of China is calcu-
lated at 76. 6 pg/m’; the average annual concentration in the
western city of China is calculated at 59.9 pg/m’. The average
annual concentration is highest in the northern cities while the av-
erage annual concentration of fine particulate matter is lowest in
the southern cities. There are also air pollution problems in the
central provinces, and the average annual concentration of PM,

in Xi’an, Zhengzhou, Wuhan, Chengdu, Hefei, Taiyuan and oth-

er cities reaches more than twice the national standard.
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Fig.1 The average annual value of PM, ; in the key cities and
regions in 2013

Using Kriging interpolation method, we perform the spatial
interpolation of the average annual concentration of PM, 5 in Chi-
na. Kriging or Gaussian process regression is a method of interpo-
lation for which the interpolated values are modeled by a Gaussian
process governed by prior covariances, as opposed to a piecewise-
polynomial spline chosen to optimize smoothness of the fitted val-
es'”). Fig.2 shows that in terms of spatial distribution, the re-
gions with relatively high PM, ; concentration often have large area
coverage , showing obvious regional characteristics. The high-value
areas are mainly distributed in the North China Plain, the

Table 1 Seasonal variation of PM, ; in different cities ( pg/m’)

Sichuan Basin, eastern Hubei, northern Hunan, and the Yangtze
River Delta region. These regions are economically developed,
where the population is more concentrated and pollutant emission
is large. The Sichuan Basin is mainly affected by terrain and
weather conditions, and the pollutants are not easy to diffuse. In
North China, due to considerable coal burning in winter and fre-
and the

dust and sand weather is frequent in spring, so the fine particulate

quent temperature inversion, the air pollution is severe,
matter concentration is also high. The average concentration of
PM, ; throughout the region reaches 80 pg/m’ or more, which is
consistent with the depiction of global air quality map released by
the United States National Aeronautics and Space Administration
(NASA) (http://www. nasa. gov/topics/ earth/features/health —
affected by East Asian

the average concentration of

sapping. himl ). In the southern regions,
monsoon and frequent precipitation,
particulate matter is low. In the western regions, the source emis-
sion is low, so the average concentration of fine particulate matter

is not too high.
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Note : Basemap was download from the website of the State Bureau of
Surveying and Mapping on September 11, 2012 (http://www. shsm.
gov. cn/article /zxbs/dtfw) ; the original map name is 100000000
schematic map version 1 ( South China Sea coastline illustration ) ;
map checkup number is GS(2008)1228.

Fig.2 The average annual value of PM, ; and distribution of 74

sites in China in 2013
3.2 Seasonal distribution of PM, ; in China To further ana-
lyze seasonal variation of PM,  in various cities, we consult the

relevant literature, and produce a summary as shown in Table 1.

Monitoring year Spring Summer Fall Winter Cited in the literature
Beijing 2013 83 78 82 114.8 [10]
Shanghai 2011 -2012 47.8 30.5 39.1 54 [11]
Nanjing 2007 95.5 91.5 79 98 [12]
Harbin 2008 —2009 130 60 50 147 [13]
Jinan 2009 -2010 108. 4 115.9 151 176.8 [14]
Tianjin 2009 -2010 71.88 109. 86 121.84 118.69 [15]
Chongqing 2004 -2005 104.8 61.2 92.1 99.3 [16]
Guangzhou 2002 68.96 57.99 94.06 80. 1 [17]

In terms of seasonal distribution, a full year is divided into

spring ( March to May) , summer ( June to August) , fall (Septem-

ber to November) and winter ( December, January and Februar-

y). From the summarized literature results in Table 1, it is found
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Fig.3 PM, ; source apportionment results in different cities

that in terms of seasonal changes in PM, s concentration in the
eight cities, it is sequenced as follows: winter > spring > autumn
> summer. The PM, 5 mass concentration in winter and spring is
significantly higher than in summer and fall. The highest values
occur in winter, and the average concentration in winter in the
eight cities is 111. Ipg/m’; the lowest values occur in summer,
and the average concentration in winter in the eight cities is 75. 6
ne/ m’.

spring and fall. The average concentration of PM, 5 in winter in the

There is little difference in the concentration between

northern cities is significantly higher than in the southern cities.

() Changsha PCA(2009) (1) Xiamen PCA (2005 ™

() Harbin QMB (2008 ~2009) ™

Winter is the heating season, so the pollution is heavy. In the
southern cities, the precipitation is great, and the average concen-
tration of particulate matter is not too high. Due to unstable weath-
er system changes, the dispersion conditions in Spring and fall are

better than in other seasons.

4 Source apportionment results of the key cities
Coal, cars, cooking fumes and burning firewood in rural areas are
all direct sources of PM, 5, forming the primary particulate matter;

sulfur dioxide, nitrogen oxides in the exhaust after the coal and oil
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combustion as well as the volatile organic matter generated in the
process of motor vehicle use, oil processing and solvent use, pro-
duce physical and chemical reaction in the air, forming secondary
particulate matter. The particulate matter source apportionment
methods include receptor model method, source inventory method,
diffusion model simulation method, and the combination of source
model and receptor model. Source inventory method is to identify
the major sources of emissions that contribute to the receptor ac-
cording to the collection of pollutants emitted by various sources of
emissions into the air in a certain time span and space. Source
model method is to estimate the contribution of pollution sources to
receptors according to various pollution sources intensity data, me-
teorological data and atmospheric chemical processes. Receptor
model method is to estimate the contribution of various pollution
sources to receptors based on the chemical, physical and biologi-
cal information of atmospheric particulate matter, including CMB
model on the basis of source and receptor component spectrum and
statistical model only based on receptor component spectrum. The
combination of source model and receptor model is to use the two
models at the same time, making analytical results more reasona-
ble. Currently receptor model is widely used in China, and CMB
model is used in 47% of current domestic literature and reports on
source apportionment'®’. To better illustrate the PM, 5 sources in
various cities of China, we consult the literature and research re-
ports published on PM, ; source apportionment in China, and sum-
marize the PM, 5 source apportionment results of each city.

It can be found that although different cities use different
source apportionment methods, the main source of fine particulate
matter in the region is the local emissions, including coal-fired
sources, industrial sources, vehicle exhaust, dust, secondary
sources and regional transmission. Coal-fired sources, industrial
sources and vehicle exhaust make the greatest contribution to
PM, ., and the contribution of various pollution sources to PM, ; is
mainly related to local energy structure, economic development,
and weather conditions. Fig.3 shows that vehicle exhaust contrib-
utes 10% —50% to PM, s, while the contribution rate of other
sources is 10% -30% . Taking Beijing as an example, the litera-
ture results"® indicate that vehicle contributed 22% to PM, , in
2011, basically consistent with the study results of Tsinghua Uni-

" and Peking University ™ ", There is a slight difference

velrsitf27
between this study result and PM, 5 source apportionment results
released by Beijing Municipal Environmental Protection Bureau
during 2012 2013, The differences between various research
results are primarily due to variability of PM,, methods and
researchers’ subjective factors. At the same time, we should note
the differences in the pollution status, source apportionment re-
sults and economic development between various cities, and avoid
the pure emphasis on local PM, ; emission reduction. Due to lack
of complete list of air pollution emission sources as yet, there are
great uncertainties in the current studies on PM, s source appor-

[33-34]

tionment , and we need to further verify, assess and study

the ways to effectively combine a variety of source apportionment

methods to form reliable comprehensive source apportionment re-

sults and reduce errors in various links.

5 Conclusions

(1) PM, 5 in China shows significant spatial and temporal distribu-
tion characteristics. PM, 5 concentration is mainly distributed in
the North China Plain, Sichuan Basin and Yangtze River Delta.
The average annual concentration in North China is about 80wg/
m’, and in terms of the seasonal variation in PM, ; concentration
in various cities, it is sequenced as follows: winter > spring > au-
tumn > summer.

(ii) Coal-fired sources, industrial sources and vehicle ex-
haust are the major sources of emissions making a significant con-
tribution to PM, 5, and motor vehicle exhaust contributes about
10% -30% to PM, .

(iii) Only by conducting systematic large-scale monitoring
can we have a clear understanding of PM, s pollution in China.
Due to the lack of detailed PM, ; source inventory and differences
in the methods for source apportionment, there are great uncer-

tainties in the current studies.
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