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h i g h l i g h t s

� Factor analysis is employed to indentify the major air pollutants in spring, summer, autumn, and winter.
� Cluster analysis is employed to discuss the spatial and seasonal distribution of air pollution in 74 Chinese cities.
� The fresh ideas for indentifying the emission source of air pollution in large time scale would be obtained.
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a b s t r a c t

This article investigated the major air pollutants and its spatial and seasonal distribution in 74 Chinese
cities. Factor analysis and Cluster analysis are employed to indentify major factors of air pollutants. The
following results are obtained (1) major factors are obtained in spring, summer, autumn, and winter. The
first factor in spring includes NO2, PM10, CO, and PM2.5; the first factor in summer and autumn includes
PM10, PM2.5, CO and SO2; in winter, the first factor includes NO2, PM10, PM2.5, and SO2. (2) In spring,
cities of cluster 5 are the severest polluted by emission sources of SO2, CO, PM10, and PM2.5; the
emission sources of O3 would significantly influence the air quality in cities of cluster 2; the emission
sources of NO2 could significantly influence the air quality in cities of cluster 3 and cluster 5. (3) In
summer, cities of cluster 5 are the severest polluted by automotive emissions and coal flue gas. Cities of
cluster 1 are the lightest polluted. Cities of cluster 3 and cluster 2 are polluted by emission sources of SO2

and O3. (4) In Autumn, cities of cluster 3 and 4 are the severest polluted by the emission sources of SO2,
CO, PM10, and PM2.5; the emission sources of NO2 would significantly influence the air quality in cities
of cluster 5; the emission sources of O3 could significantly influence the air quality in cities of cluster 1
and cluster 4. (5) In winter, cities of cluster 5 are the severest polluted by the emission sources of SO2, CO,
PM10, PM2.5, and CO; the emission sources of O3 could significantly influence the air quality in cities of
cluster 1 and cluster 5.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Last two decades, the nexus between environmental issues and

economic development is one of the hot issues, which have caused
extensive concern (Gao et al., 2011; Zhang, et al, 2013a). In China,
rapid industrialization and urbanization has created lots of mega
cities such as Beijing, Shanghai, Guangzhou, Cheng du, and so on.
Air pollution followingwith rapid urbanization, population growth,
and industrialization has been getting attention, which has been a
serious threat to human health (Saskia et al., 2016; Deng et al.,
2014). Air environmental issue has extensively attracted public
attention, Chinese government has passed a low named ‘the action
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plan for controlling air pollution’ to resolve the air environmental
issue.

The components of air pollutants are very complicated. Gener-
ally, particulatematter (PM), sulfur dioxide (SO2), carbonmonoxide
(CO), nitrogen oxide (NOx), Ozone (O3), and organic contaminants
extensively attract public attention (Pires et al., 2008). Under the
natural conditions, there are some chemical-photo catalytic re-
actions among air pollutants (Benigno et al., 2012). Both meteoro-
logical conditions such as atmospheric temperature, atmospheric
pressure, wind speed and directions, and terrain conditions would
affect the diffusion of air pollutants (Bhanu et al., 2014). Thus,
spatial-temporal differences of air pollutants are hug. It is difficult
to identify the major air pollutants of regional scales or large time
scale according to the data from environment monitoring stations.

The emission sources of air pollutants are diverse and compli-
cated. Automobile exhaust, exhaust from fossil fuel burning, and
factory waste gases are the three major emission source of air
pollutants (Dragana and Tatjana, 2008). Generally, an air pollution
source would emit several kinds of air pollutants (Zhang et al.,
2013a). The kinds of air pollutants are usually determined by the
composition of fossil fuels. E.g. more than one hundred pollutants
would be emit from automobile exhaust, with CO, hydrocarbon,
NOx, PM as major air pollutants (Rahman and Kim, 2012). The
compositions of fossil fuels are difference, the kinds of air pollut-
ants in exhaust from fossil fuel burning would be difference.
Generally, coal-fired exhaust mainly includes the following air
pollutants, such as CO, PM, NOx, and SO2; the air pollutants in
natural gas exhaust is mainly CO and methane (CH4).

The concentration of air pollutants observed by environment
monitoring point is uncertainty when the research object is
referred to regional scale and large time scale. According to the
monitoring data of air pollutants, it is difficult to identify the major
air pollutants or emission sources. Identifying the major air pol-
lutants is conducive to knowledge the current situation of air
pollution, and filtering the major emission sources would help to
control air pollution. Thus, it is necessary and significant to identify
the major air pollutants by scientific method.

The present investigation aims to (1) use factor analysis to
identify the major air pollutants based on the monitoring data of
monthly air pollutants in 74 Chinese cities; (2) cluster 74 Chinese
cities into five categories and filter the possible major emission
sources. Then, the major air pollutants of 74 Chinese cities in
different seasons are obtained, which is public attention. The major
air pollutants would guide the policies makers to set scientific
policy to improve air quality.

The rest of this article is structured as follows. Section 2 in-
troduces factor analysis and cluster analysis. Section 3 shows the
results of factor analysis, which identify the major air pollutants.
Section 4 shows the results of cluster analysis, which filter the
possible major pollution source of every kind of cities. Section 5
discuss the major emission sources of air pollutants, which are
conducive to make policies according to the results of factor and
cluster analysis, and then obtain some conclusions.

2. Methods

2.1. Data collection and pre-process

Both seasonal average concentration and annual average con-
centration of air pollutants are calculated by monthly average
concentration of air pollutants. In China, spring begins in March
and continues through May; summer begins in June and continues
through August; autumn begins September and continue through
November; winter begins December and continue through
February of next year. Thus, seasonal average concentration of air
pollutants in spring, summer, autumn, and winter was calculated
by arithmetic mean for corresponding month.

The magnitude of concentration of particulate matter smaller
than 2.5 mm (PM2.5), particulatematter smaller than 10 mm (PM10),
SO2, nitrogen dioxide (NO2), CO, and the average concentration of
ozone in 8 h (O3-8H) are difference. To avoid ignoring the influence
of air pollutants with low concentration (small magnitude), con-
centration of air pollutants were transformed to a robust z-score as
described in Eq. (1).

xi;j ¼
pollutantsi;j �mean

�
pollutantsj

�

std
�
pollutantsj

� (1)

where, xi,j represents the robust z score of the jth air pollutants at
ith city (xi,j includes standardized values of PM2.5, PM10, SO2, NO2,
CO, and O3-8H). Pollutantsi,j represents concentration of the jth air
pollutants in ith city. Mean(pollutantsi,j) represents the arithmetic
mean concentration of the jth air pollutants in all city. Std(pollu-
tantsi,j) represents the standard deviation of jth air pollutants
concentration in all city.

2.2. Factor analysis

Factor analysis is considered as a powerful, linear, unsupervised,
pattern recognition technique that can be used as a mathematical
tool for analyzing, classifying, and reducing the dimensionality of
numerical data sets in a multivariate problem (Zhang et al., 2014).

2.2.1. The principle of factor analysis
There is some correlation among air pollutants concentration

(PM2.5, PM10, SO2, NO2, CO, and O3). Thus, factor analysis could be
employed to reduce the dimensionality of variables. According the
theory of factor analysis, either of following equations can be
obtained.
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where, Fi is the ith factors that explains air pollutants; ai,j is the

F1 ¼ a1;1PM2:50 þ a1;2PM100 þ a1;3SO20 þ a1;4NO20 þ a1;5CO0 þ a1;6O30
F2 ¼ a2;1PM2:50 þ a2;2PM100 þ a2;3SO20 þ a2;4NO20 þ a2;5CO0 þ a2;6O30
…

Fn ¼ an;1PM2:50 þ an;2PM100 þ an;3SO20 þ an;4NO20 þ an;5CO0 þ an;6O30
(2)
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