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ABSTRACT

The concentrations of PM,s and trace elements with hourly resolution were measured during May 2014 in urban
residential area of Wuhan, the biggest city in central China. During the period of measurement, the average temperature
was approximate 25°C without domestic heating and cooling. The average concentration of PM,s was 95.53 pg m~,
which was higher than the limit of Ambient Air Quality Standard of China GB3095-2012 (75 ug m, Level 2). A sand
storm original from Northwestern China was also recorded. Concentrations of major trace elements (K, Ca, V, Cr, Mn, Fe,
Ni, Cu, Zn, Ga, As, Se, Pd, Ag, Cd, Au, Hg, Pb, Co, Sn, Sb, Tl) were comparable to previous studies, except for Ba and Ca
with more than doubled concentrations (103 ng m >, 1,792.49 ng m™) due to the storm. Enrichment Factor (EF) and
Positive Matrix Factorization (PMF) were employed to characterize the emission sources. The computation of EF showed
that Zincs was highly enriched. Four sources, biomass burning (63.2%) might mainly related to power plants using bio-
waste burning and bio-related cooking activities, metallurgical and steel industries (14%), dust crustal (12.5%) and dust
associated with vehicular traffic (10.4%), were identified in decreasing order of average percentage contribution to the

PM, 5 mass with the aid of trace elements. The orientations of emission sources were also addressed.
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INTRODUCTION

Air pollution influences many megacities and their
surroundings worldwide (Srivastava et al., 2008; Kanakidou
et al., 2011; Zhang et al., 2012). In China, air pollution in
megacities is mainly caused by the drastic economic growth,
together with the rapid industrialization and the wide
urbanization (e.g., Wang et al., 2014a, b; Li et al., 2015;
Lang et al., 2017). China has been suffering from serious
air quality problems, mostly related to fine particulate
matter (Jiang et al., 2015; Lv ef al., 2015; San Martini et
al., 2015). The environmental reports indicate that only 8
of the 74 major cities meet the limit of ambient air quality
standard of China (Chinese Ministry of Environmental
Protection, 2015): across all major cities, the average
pollutant concentrations in 2014 were 64 pg m™ for PM, s,
105 pg m™ for PM,, and 42 pg m™ for NO,, respectively.
The climate effect (IPCC, 2013) and the health implications
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of fine particles have been well reported in the previous
studies (Pope and Dockery, 2006; Cao et al., 2012; Guo et al.,
2013; Kim et al., 2015), meanwhile the high concentrations
of oxidizing species were frequently observed in urban
centers. However, there is still essential demand for
improving knowledge in the source contributions and
variation of ground-level fine particles, in order to assess
the efficacy of emission mitigation strategies and to improve
ambient air quality (Wang et al., 2010; Xu et al., 2013a).
Particulate matter (PM) is released into the atmosphere by
natural sources, e.g., soil dust, volcanism, erosion, surface
winds and forest fires; and by anthropogenic sources, e.g.,
fossil fuel combustion, industrial metallurgical processes,
vehicle emissions and waste incinerations (Tian et al.,
2007). The geographical and meteorological conditions, such
as temperature, wind speed, wind direction, pressure, etc.,
may influence the air pollution (Manousakas et al., 2015).
Typical sources of air pollution in big cities can be vehicle
emissions, dust resuspension, secondary aerosol formation,
industrial emissions, biomass or coal burning, power plant
emissions etc. (Lu et al., 2016). The characteristics of PM
sources have been widely investigated in previous studies
all around world, including China, as reviewed by
(Karagulian et al., 2015), and several methods of receptor
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modeling have been used for identification and apportionment
of PM (Viana et al., 2008). Enrichment Factor (EF) and
Positive Matrix Factorization (PMF) are widely used
because they only require observation data at the receptor
site other than detailed prior knowledge of the sources and
source profiles, and tools to perform these analyses are
widely available (Schauer, et al., 2006; Yu et al., 2013;
Gao et al., 2014; Banerjee et al., 2015).

Literatures about source apportionment in central China
are still very limited. It is still lacking in the study of trace
elements and related source contributions of fine PM in
central China. Wuhan is one of the major cities in central
China, which has great competitive power for domestic
trade and is regarded as China’s new economic and
geographic center by the domestic economists (Zhang et
al., 2015). In recent years, due to the dense urbanization,
industrial activities and other human activities in Wuhan,
such as cement processing, smelting, coal combustion and
automobile emissions, the urban area has already experienced
serious air quality problems. The major sources of air
pollution in Wuhan may derive from the automobile exhaust
and emission by using coal for domestic cooking, heating,
and industrial processing (Wang et al., 2014a). Six-year
observation of aerosol optical properties has proved that
this region is polluted by populated fine-mode particles.
The mean atmospheric PM, 5 mass concentration was about
160 + 50 pg m~> (Wang et al., 2012; Wang et al., 2014b).
Thus, it is very urgent and necessary to study the PM,
source apportionment in central China in order to improve
the knowledge for regional and urban air quality control.

This paper aims to study the state of PM and trace
elements in Wuhan to assess the contribution of
anthropogenic and natural sources. The variation
characteristics of 19 elements in PM,s samples were
investigated using the Enrichment Factor (EF) method and
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Positive Matrix Factorization (PMF) method was employed
to conduct the source identification and apportionment of
elements in PM in order to identify the possible major
sources.

EXPERIMENTAL

Measurement Site

Wauhan, the largest metropolis in central China with area
of 8.494 km® and population of approximately 10.2
million, is located at the eastern part of Jianghan plain and
the intersection of the Yangtze River and Hanjiang River
(Zhang et al., 2015). It is in the region of typical North
subtropical humid monsoon climate, with annual average
temperature of 15.8-17.5°C and annual average rainfall of
1050-2000 mm (Wang et al., 2014), appearing the habitual
condition of hot summers and cold winters with high
relative humidity.

The measurement site is at the Super Monitoring Station
of Wuhan (30°36’N-114°17’E), in the typical residential
urban area (Fig. 1). The measurement period was from
May 15" to May 31%, 2014. During the period, the
domestic heating and cooling with air conditioning were
not generally used as the temperature was in the range of
17-34°C with average value of 25°C. The average wind
speed was 1.3 m s™' with north-northwest as the prevailing
wind direction, and wind calms occurred hourly for 24%
during measurement period.

Instrumentation

The hourly PM, 5 concentration was measured using Met
One Beta Attenuation Mass Monitor (Model BAM-1020)
and hourly PM;, concentration was measured using Thermal
Oscillation balance monitor (TEOM Model RP1400).
Elements in PM,s were analyzed using the Xact 625

Fig. 1. Measurement site at Wuhan super monitoring station (map source: www.maps.google.com).
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automated multi-metals monitor with the XRF (X-ray
fluorescence) standard method 103.3 of US-EPA (US-EPA).
The Xact 625 monitor can analyze 23 elements (K, Ca, V,
Cr, Mn, Fe, Ni, Cu, Zn, Ga, As, Se, Pd, Ag, Co, Ba, Au,
Hg, Pb, Cd, Sn, Sb, Ti) with hourly resolution. In this
study, four elements, Co, Sb, Sn and Ti, are equal to zero
for all the time period except of some spots. Therefore,
these four elements were ignored, and the remaining 19
elements were considered for further analysis.

Enrichment Factor

Enrichment factor (EF) analysis is employed to assess
the natural and anthropogenic sources of PM, s bounded
elements. EF analysis helps to determine whether certain
element has additional or anthropogenic sources other than
its major natural sources (Lopez et al.,, 2005). EF is
defined as the ratio of considered element concentration
(X) to the reference element (R) concentration for aerosol,
divided by the same ratio for the Earth crust, expressed by
the following equation:

( J
R aerosol ]
1 z crust

The value of EF less than 10 indicates that the element
is mainly from crustal sources. Meanwhile the value of EF
greater than 10 indicates that the element is enriched and
associated with human activities (Pan et al., 2013; Pan et
al., 2015). Si, Al (Chatterjee et al., 2007) and Fe (Manoli
et al., 2002; Dordevic et al., 2005; Samara et al., 2005;
Yaroshevsky, 2006) are the most common elements used
as reference materials. In this study, Fe was used as the
reference material and data from Mason and Morre (1982)
was used for the concentrations of elements in the Earth’s
crust. EFs were calculated for the analysis of Ba, Ca, Cr,
K, Mn, V, and Zn.

EF =

Positive Matrix Factorization

Positive Matrix Factorization (PMF 5.0) method is adopted
to conduct the source identification and apportionment of
elements in PM, 5. The PMF model is one of the receptor
models developed by US Environmental Protection Agency
(US-EPA). Multivariate receptor models are very useful in the
environmental studies of source apportionment of pollutants.
Among them, PMF, simply requiring PM speculated data,
is the most preferred and trusted one (Khan et al., 2015).
In this model, any data matrix X with dimension n row by m
columns, where n and m are the number of samples and the
number of species, can be expressed as following equations.
G (n x p) and F (p x m) represent the two factorized
matrices and E denotes the residual matrix, where p is the
number of factors or sources in consideration.

X=GF+E @)

or
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where x;; is the concentration of species j measured on
sample i, p is the number of the factors contributing to the
samples, fi; is the concentration of species j in factor
profile &, gy is the relative contribution of factor & to
sample i and e;; is error of the PMF model for the j species
measured in sample i. The goal is to find the gy, fiyand p
values that best reproduce x;; The values of g; and f;; are
adjusted until a minimum value of Q for a given p is
found, where Q is defined as:

m n 2
0=y )

j=li=1 Sy

where s;; is the uncertainty of the j, species concentration
in sample i, n is the number of samples and m is the
number of species.

Two input files are required by PMF: samples species
concentration values and sample species uncertainty values
or parameters for calculating uncertainty. According to the
PMF User Guide by US EPA, in the present work, when
the concentration is less than or equal to the instrumental
detection limit (DL), it is substituted by half the DL and
the uncertainty is calculated using the following equation
(Polissar et al., 1998; Yu et al., 2013; Gao et al., 2014):

Unc = %x DL 5

When the concentration is greater than DL, the uncertainty
is calculated according to:

Unc = \/(Error Fractionx concentration)’ +(DL)’ (6)

The DLs and the Error Fractions for 15 elements, used
in calculating the uncertainties, were found in the guide of
the instrument (Xact 625 Guide, US-EPA). Missing data
were substituted with the median value and their uncertainties
were replaced by four time the median values. We included
the PM, s mass concentration in order to have relative mass
contribution fraction of different sources, which was
assigned as a Total Variable in PMF setup.

RESULTS AND DISCUSSION

Concentrations of PM and Trace Elements

The temporal variation of PM;, and PM,s during the
monitoring period in May 2014 are depicted in Fig. 2.

For both PM,, and PM, s, the concentration time pattern
can be divided into three subsets: from May 15" to May
21, from May 22™ to May 25", and from May 26" to the
end of the month, respectively. In the first period, the
concentration of PM, 5 oscillates between a minimum value
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Fig. 2. Penetration efficiencies of the dust-mist (a) and N95 (b)

of 30 pg m ™ and a maximum value of 330 pg m°, with an
average of 120 pg m >, while PM,, are in the range of 50—
350 pg m, with an average of 160 pg m . Both size cuts
show a progressive increase in the concentration levels,
leading to the maximum values recorded on May 21%. At
the beginning of the second period, the concentrations of
PM, s and PM,, sharply decreased as the consequence of
the precipitation event occurred on May 22" and 23", and
then remained fairly constant. The maximum values in this
period are respectively 130 pg m~and 270 pg m > while the
average decrease to 60 ug m > and 80 pg m . At the very
beginning of the last period on May 26", the concentration
of PM,, increased rapidly (about 300 pg m™ within a few
hours) while PM, 5 showed a less relevant increase; however,
at the end of the day PM;, rised up to 520 pg m~ and
PM,5 up to 280 pug m >, and they both rapidly decreased
and remained stable for the next two days. The reason for
such behavior is very likely a sandstorm that brought desert
dust down to Southern China. Indeed, Asian dust events are
quite common in China in spring (Yu ef al., 2013), with dust
storm travelling from the Taklamakan desert in Northwestern
China and Inner Mongolia BadanJaran desert and TengKoErh
desert in Northern part of China towards the Eastern and
Southern regions of China together with dry air masses. For
this specific event, PM,, peak concentrations progressively
decreased along the route of the storm, with hourly average
that exceeded 2000 pg m >, 1000 pg m~ and 600 pg m™ in
Lanzhou, Yinchuan and Wuhan, respectively (Wang ef al.,
2015). The arrival of the dust storm in Wuhan on May 26™,
is traced by the decrease of the average relative humidity
that drops from about 80% on the previous days down to
about 50%, coherently with the origin of the dust event,
coarse particles are dominant and PM;, concentration
increases more pronouncedly than PM,s: the average of
PM, is 230 pg m° while the average of PM, 5 is 90 pg m>.
Another fast increase of PM;, is observed on the early

hours of May 29" when PM,, reaches the highest value of
the whole monitoring period (660 ug m*), and rather large
fluctuations are observed in the following hours until the
end of the monitoring period. Concurrently, PM, s shows
less relevant variability, with concentration levels lower
than 100 pg m™.

The three sub-periods are also characterized by different
behaviors of the mass ratio between PM,s and PM,,.
Actually, during the first two periods (from the start of
sampling to May 21* and from May 22" to May 25™), the
average ratio is equal to 0.74 and 0.78, respectively;
conversely, in the last period the average ratio decreases
down to 0.48 (but also down to 0.25 for single-hour ratio),
confirming that the dust from the deserts is mainly
composed with coarse particles. It is noticed that sometimes
(around 10% during the whole period) the PM,s/PM,
ratio reaches or even exceeds 1, especially occurring in
raining periods. Negative artifacts (i.e., loss of mass) are
because of the internal heating mechanism of the TEOM
monitor (PMy,), which is reported in literature when
particulate matter in the poultry houses possibly contains
semi-volatile compounds and moisture due to high levels
of relative humidity (RH) and gas pollutants. TEOM may
cause losses in mass through volatilization (Li et al., 2012).

The average, minimum, maximum concentrations, the
standard deviation (STD) and coefficient of variation (CV)
for the elements measured in this study are shown in Table 1.
K, Ca and Fe record relatively high concentrations and
occupy 15.2%, 7%, 7.5% respectively of the total mass of
elements. Concentration of Au is very variable and only
record values larger than zero when there was the sand
storm from May 26™ to 28" Ga, Cr, V are also high
variances with coefficient of variation larger than 1. Zhang
et al. investigated the chemical characteristics of PM, s
during the spring in Wuhan in 2013, using data from two
different sampling sites. Calcium and Gallium exhibited
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Table 1. Statistics for concentrations of the elements in PM, 5 (ng m °).

Range Mean + STD CvV
K 489.51-20,311.00 3,733.48 £3,249.17 0.87
Ca 136.22-11,187.00 1,792.49 +£2,043.36 1.14
\Y% 0.00-58.63 6.35+9.01 1.42
Cr 0.29-103.51 9.81+13.93 1.42
Mn 9.17-293.69 76.46 £ 50.94 0.64
Fe 247.71-7,685.00 1,820.76 + 1,458.54 0.80
Ni 0.13-30.09 3.57+3.39 0.95
Cu 3,88-191,63 30.13 £23.26 0.77
Zn 54.13-3,867.00 419.21 + 388.18 0.93
Ga 0.00-4.21 0.37 £0.62 1.67
As 1.27-160.67 27.82£2791 1.00
Se 1.03—44.11 11.41 £8.10 0.71
Ag 0.38-33.04 6.09 £ 3.68 0.60
Co 1.33-22.92 8.05+3.51 0.44
Ba 11.40-431.12 103.15+£79.17 0.77
Au 0.00-2.24 0.06 +0.24 3.77
Hg 0.00-4.54 1.24+0.84 0.68
Pb 25.06-598.02 180.79 + 128.79 0.71

higher levels in their monitoring campaigns (Zhang et al.,
2015: 6360.00 ng m > and 10.70 ng m™, 7810.00 ng m>
and 10.18 ng m™) than in this work (1792.49 ng m* and
0.37 ng m ). In contrary, Barium shows a higher average
concentration in our study (103.15 ng m™) than in the
work of Zhang (44.86 ng m ° and 42.12 ng m ). Barium is
one of the most important crustal elements and probably
the desert dust in Wuhan sensitively affects its average
concentration. Barium concentration during the days (16"
to 24™) before of the storm event was about 70 ng m .

In Beijing, the average concentrations of Calcium
(1284.90 ng m™), Iron (1261.20 ng m ™), Manganese (67.6
ng m°), Copper (41.6 ng m”), Arsenic (32.1 ng m™),
Barium (93.8 ng m~) and Lead (126.4 ng m™) (Yu et al.,
2013) are the same order of size as those we found in Wuhan
(respectively 1792.49 ng m™, 1820.76 ng m >, 79.46 ng m ",
30.13ngm>, 27.82ngm>, 103.15 ng m >, 180.79 ng m ™).

The time series of the most interesting trace elements
used for the interpretation of the PMF’s factors are shown
in the panels of Fig. 3, grouping elements with similar
concentrations. In particular, it can be seen that Calcium,
Iron and Vanadium have similar patterns to each other and
to the trend of PM,y and PM, 5. Specifically on the day of
the storm, they all display a pronounced increase. Calcium
and Iron are referred to as major crustal elements (Mason
and Moore, 1982). Potassium records three peaks on 18™,
21™ and 26™ of May, which are more than 3 times higher
of the mean value, and it is the most useful tracer for
biomass burning (Ryu ef al., 2007) as recorded on 18" and
21™ which is also recognized as crustal origin (Maria,
2014) as recorded on 26"

Enrichment Factor

Enrichment factor was determined to identify whether
the presence of certain element in particle matter was
primarily due to natural or anthropogenic processes.
According to the results shown in Fig. 4, the mean EFs of

Ca, Ba, K, Mn, V and Cr are below 10, which suggest that
these elements would be more likely originated from
natural sources such as crustal soil and re-suspended soil
and have no obvious enrichment in particle matter (Xu et
al., 2013b). It is worth to notice for K the 90% percentage
is over 10, and there are outliers over 10, and K is
associated to biomass burning as reported in many other
studies (e.g., Hleis et al., 2013; Almeida et al., 2015). Zn
has different range of enrichment factor with the mean of
164.46 (Fig. 4 right axis), which is associated with activities
mainly originated from anthropogenic sources such as
traffic and industrial emission (Banerjee et al., 2015).
Previous study by Zhang et al. (2015) collected 24-h PM, 5
samples every sixth day in Wuhan from August 2012 to
July 2013, and the results about the EFs are traceable. It
was also found that the EFs of Ba, Mn, and K were below
10, and the EF of Zn were above 10, which is consistant
with the finding of Jiang ef al. (2017) in China.

Source Identification and Apportionment by PMF

Four factors are identified using PMF 5.0. Fig. 5 shows
the percentage of the species in each factor.

The first factor, with high loading of K (87.56%), is
attributed to biomass burning. In fact, Potassium was used
as an unambiguous tracer of biomass burning (Begum et
al.,2007; Ryu et al., 2007; Belis et al., 2011; Yu et al., 2013).
This factor accounts for 62.3% of the total PM, s mass and
22.9% of the total elements. The dominant contribution of
PM,; 5 from biomass burning during May, when there was
no evidence of open fires and agriculture waste burning,
could be the emissions from the electricity power plants
using bio-waste burning and bio-related cooking activities.
The time series of the contribution for four factors are
shown in Fig. 6, indicating that factor one peaked during
the first period and the night of 26™. The first peak of
factor one denotes that when PM, s dominated in PM,,, it
was mainly from local sources.
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Fig. 3. Time series of the most interesting and trace elements in May 2014 (data missing from 0:00 to 1:00 on 17", and
from 1:00 to 9:00 on 20" due to power supply fail).
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The second factor is characterized by high concentrations combustion (Thurston, et al., 2011). Cu and Pb are typical
of As (93.06%), Cu (68.89%), Se (61.63%) and Pb (54.20%)). tracers of metal and steel industries (Arruti et al., 2011).
Supporting by Han et al. (2015), these elements might be ~ Therefore, the factor, assigned as metallurgical and steel
mainly from the industrial emissions, such as metallurgical industries, contributes for 14% of the PM,s; mass and
processes. As and Se are mainly emitted by coal 29.4% of the total elements. There are a lot of industrial
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Fig. 6. Time serials of PMF contribution for four factors in May 2014.

companies in Wuhan, including the famous Wuhan iron
and steel company, which has the approximate productivity of
about 30 million t year '

The third factor identified from PMF analysis is a source
related to dust and vehicle emissions. This factor consists
large fraction of Mn (49.93%), Zn (52.44%), Cr (35.29%),
Cu (22.75%). Cr, Cu and Zn are tracers of traffic (Bozlaker
et al., 2014; Manousakas et al., 2015). Cu and Zn are major
additives to lubricating oils (Gugamsetty et al., 2012); Zn
and Mn emissions are also linked to other transportation
activities such as brake and tire wear (Yu et al., 2013). It
was also reported by Canepari ef al. (2008) that particles
emitted from the asphalt pavement were characterized
mainly by high concentrations of Zn, Cu, Cr, Ni, As and
Pb. This emissions accounts for 10.4% of the PM, s mass

and 20.8% of the total elements. The vehicles are more
than 100 million in Wuhan. The contribution of fine particles
from vehicular emissions is evidenced and would accumulate
during stable atmospheric conditions, for example, on the
days of 16™ and 21" of May.

The last factor is characterized by Ca (75.86%), Ba
(60.59%), Fe (57.89%) and Mn (38.58%) which are the
mainly crustal elements. The source can be associated with
crustal dust. According to Wang et al(2012), dust is an
important contributor to PM, s, accounting for more than
25% of PM,s mass concentration in urban areas. Soil
resuspension is likely to be affected by Gobi or Thaklamakan
dust events, which are known to influence particulate matter
in Wuhan during 26" May (Figs. 2 and 6). The percentage
contribution to the PM, 5 is 12.5%, and to total elements is
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26.8%. However, in this source, V contributes with 80.37%.
V is a metal element which definitely originates from oil
combustion (Querol et al., 2002; Enamorado-Béez ef al.,
2015). This phenomena is reasonable because the dust storm,
occurred in Wuhan, has passed more than five provinces
and brought not only dust but also contaminated particles
when the air mass passing through industrial areas.

Chen et al.(2012) found that the source contribution to
PM, s in Wuhan is vehicle (27.1%), secondly sulfate and
nitrate, industry (26.4%) and biomass burning (19.6%) by
analysis the measurement from July 2011 to February 2012,
showing different PM, 5 contributions from our study. We
conducted the observation during non domestic heating
and air conditioning (cooling) period, secondary particles
formed from unspecified pollution sources of human
activity are not included.

After identifying the sources and analyzing their
features for denomination, it is significant to seek
conclusive confirmation of practical results to substantiate
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the corresponding argument. Thus, the R-programming was
used to draw polar plots in consideration with the time series
of the four identified sources. The profile information of
the sources matches with the direction (along the axes
Cartesian) and the speed (radial direction) of the wind.

The results are shown in Fig. 7. The greatest presence of
the source named biomass burning is at South-West (SW)
compared to the Super Monitoring Station of Wuhan,
which is in the origin of the axes (Fig. 7(a)). The contribution
of metallurgical and steel industries comes between ESE
and SE compared to the sampling site (Fig. 7(b)) while the
dust and vehicle emissions come between NNE and ESE
(Fig. 7(c). The fourth source, defined as crustal dust,
shows the highest concentrations coming between NNW
and WS. The consistency in directions implies that the dust
storm during 26™ May has brought desert crustal material
from the northwest/west-northwest, i.e., from the Gobi or
the Taklamakan desert, in accordance with the contribution
of the fourth source.
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Fig. 7. Polar Plot for the four sources: a) biomass burning b) metallurgical and steel industries ¢) dust and vehicle emissions
d) crustal dust. The graphs are generated using Openair in R programming (Carslaw and Ropkins, 2012; Carslaw, 2015).
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CONCLUSIONS

In this study, the characteristics of fine particulates
(PM,5) in Wuhan, including concentration, composition
(metal elements) and source identification, were investigated
with hourly time resolution during a spring observation
period (15™ May, 2014-31* May, 2014).

From the results of Enrichment Factors (EFs), it could
be concluded that Ca, Ba, Mn, V and Cr would be originated
from natural sources. The EF of Zincs was far above 10
(164), revealing it is from anthropogenic sources and
enriches in aerosols.

PM, 5 sources were analyzed by employing the Positive
Matrix Factorization (PMF) model. PMF analysis indicated
four dominant sources, with the sequencing order of biomass
burning, metallurgical and steel industries, dust and
vehicle emissions, and crustal dust. Biomass burning was
identified the largest contributor to PM, 5 mass concentrations
(62.3%) in the observation period without domestic heating
and cooling. Power plants using bio-waste burning and
bio-related cooking activities might be the main emission
sources during non open fires and argriculture waste burning
period in May in Wuhan. The origin of the biomass burning is
SW (Fig. 6) where the Guodingshang garbage power plant
located only 9 km from the station. There are five garbage
power plants in the urban area of Wuhan, and four of them
started to operate from 2014 including the near one. The
results are novel and valuable to improve the knowledge of
environment effect of bio-waste burning power plant and
meaningful for the strategy of local air quality mitigation.
The factor, assigned as metallurgical and steel industries,
contributes with 14%, followed by crustal dust (12.5%)
and dust and vehicle emissions (10.4%). An important
observation emphasized that the dust storm carried not
only large amounts of mineral dust but also metal elements
such as Vanadium during the dust event (26" May) along
the storm passage through the cities.
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