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Abstract: Daily PM2.5 samples were collected in the four consecutive seasons in 2013 in
Wanzhou, the second largest city in Chongqing Municipality of China and in the hinterland
of the Three Gorges Reservior on Yangtze River and analyzed for the mass concentrations
and carbonaceous species of PM2.5 to investigate the abundance and seasonal characteristics
of PM2.5, and organic carbon (OC) and elemental carbon (EC). The annual average PM2.5
concentrations were 125.3 pg'm—>, while OC and EC were 23.6 pg-m> and 8.7 ug-m>,
respectively. The total carbonaceous aerosol (TCA) accounted for 32.6% of the PM2.5 mass.
On seasonal average, the OC and EC concentrations ranked in the order of winter > fall >
spring > summer, which could be attributed to the combined effects of changes in local
emissions and seasonal meteorological conditions. Strong OC-EC correlations were found
in the winter and fall, suggesting the contributions of similar sources. The lowest OC-EC
correlation occurred in the summer, probably due to the increases in biogenic emission and
formation of secondary organic aerosol (SOA) through photochemical activity. Average
secondary organic carbon (SOC) concentration was 9.0 ug-m™>, accounting for 32.3% of the
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total OC. The average ratios of SOA/PM2.5 of 3.8%~15.7% indicated that SOA was a minor
fraction in fine particles of Wanzhou.

Keywords: fine particle; carbonaceous fraction; organic carbon; elemental carbon; Wanzhou

1. Introduction

In recent years, fine particulate matter (with aerodynamic diameter less than 2.5 um, PM2.5) has
drawn extensive attention in China because most Chinese regions are affected by the large-scale haze
days [1]. In 2012, China’s state environmental protection department revised the original ambient air
quality standards, the revised standard added limits to PM2.5 (annual average limit 35 pug-m™, daily
average limit 75 pg-m~>). Carbonaceous fractions, as air pollutants, climate agents and represent the
complexity of aerosols, are major components in fine particles, contributing 10%~70% of PM2.5 mass
in urban atmosphere [2,3]. Bond ef al. [4] estimated that China contributes roughly one-fifth of the global
carbonaceous emissions. Thus, it is necessary to conduct research in carbonaceous aerosol, especially
in China.

Carbonaceous species are usually classified into elemental carbon (EC) and organic carbon (OC).
EC, emitted mainly from the incomplete combustion, is the principal light-absorbing species in the
atmosphere and plays an important role in visibility reduction and the aerosol radiative forcing. It was
reported that global warming [5,6], variation of precipitation [7], and reduction of crop yield [8] are
associated with EC aerosols. OC comes from both the primary emission and also the secondary origin
to form secondary organic carbon (SOC) through gas-to-particle reactions. OC is composed of thousands
of organic compounds, of which a significant fraction is potential mutagens or carcinogens, such as
polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) [9]. It is also known
that OC is a major component in scattering light and cooling the atmosphere [3]. Consequently, studying
OC and EC levels and tracking their changes with time are of great significance for identifying their
emission sources, understanding their atmospheric transport/transformation mechanisms.

Wanzhou is a district of Chongqing Municipality of China, with a population of one million and
vehicle numbers of about 0.16 million in 2013. Influenced by the mountainous topographic condition,
Wanzhou is within the region of lowest wind speed over China, for example, the wind speed was in the
range of 0.50-1.67 m-s~! in 2013. Wanzhou, 327 km away from downtown Chonggqing, is located in the
northeastern part of Chongqing and the hinterland of the Three Gorges Reservior (TGR) on Yangtze
River. In the light of the important and sensitive location in the Three Gorges Reservoir, many researches
on environmental problems were reported about Wanzhou. For example, Xiao et al. [10,11] estimated
the risk of infection with pathogens in Wanzhou watershed. Fu et al. [12] evaluated the quality status of
the sediments in Wanzhou section of TGR. Lin ef al. [13] investigated heavy metal contamination in the
water-level fluctuating zone of TGR within Wanzhou section. However, to the best of our knowledge,
no reports are available on atmospheric environment, especially growing concerned atmospheric fine
particle concentrations and the compositions in Wanzhou. Consequently, the purpose of this study was
to initiate PM2.5 monitoring at this location, and summarized some preliminary findings for the
carbonaceous species in PM2.5 in Wanzhou. This information will provide an essential baseline to
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understand the level of carbonaceous particulate pollution and its trends, and has implications for local
PM control effectiveness in Wanzhou.

2. Materials and Methods
2.1. Sampling Site

Sampling of PM2.5 was performed on the rooftop of a 27 m tall experimental building on the campus
of Congqing Three Gorges University (Figure 1). The campus, located in the main part of Wanzhou is
surrounded by many restaurants and residential areas. A building construction site is situated about
300 m west of the sampling site, and Yangtze River is 600 m away from the site. This site represents a
mixed residential, commercial and cultural environment of urban area.

2.2. Sampling and Analysis

Samples were taken during 24 h on pre-fire (2 h at 450 °C) pre-conditioned (48 h in a constant conditioned
box at 20 °C and 45% + 5% RH) and pre-weighted glass fiber filters (90 mm) using medium-volume sampler
(Qingdao Heng Yuan Development Co. Ltd., China), the flow rate was 100 m*-min~'. Samples were
collected every two/three days in January, April, July, and October in 2013, which were selected to
represent winter, spring, summer, and autumn in Wanzhou, respectively, and a total of 48 valid samples
were collected. After particle collection, the filters are re-conditioned for another 48 h in the constant
conditioned box and subsequently analyzed for total mass. After re-weighing, the filters were stored in
a freezer at 4 °C to limit losses of volatile components. The described PM2.5 measurement is in accordance
with the national standard method [14], which is used in China to control the standards.

During the sampling period, meteorological data, including ambient temperature, relative humidity
(RH), wind speed/direction, total solar radiation, and atmospheric pressure were also recorded by using
weather monitoring (WS500-UMB). All samples were collected in a period of normal climatological
conditions and the meteorological parameters during sampling period were listed in Table 1.
Meteorological parameters between sampling period and seasonal period were compared in Figure S1,
the similar trend of the climatological parameters indicated the representative of the samples.

Table 1. Meteorological parameters during sampling period.

Relative Wind Wind Total Solar

Sampling Temperature . L. .. Atmospheric
. Humidity Speed Direction Radiation
Period °O) B ~ Pressure (v)
(Y0) (m's™") © (wm)
5.2-12.2 57.6-97.8 0.50-1.10 97.3-261.9 7.5-133.0 974.5-994.9
January 2013
(8.3) (79.6) (0.67) (152.7) (58.2) (985.9)
) 15.1-23.2 66.1-98.0 0.55-1.56 91.5-168.0  16.7-254.2  968.6-976.0
April 2013
(18.9) (80.7) (0.85) (124.6) (125.3) (982.1)
Tulv 2013 24.9-33.1 55.2-98.9 0.65-1.44 92.1-162.3  40.2-309.5  961.0-967.6
u
Y (30.2) (67.9) (0.98) (117.2) (216.6) (964.3)
13.5-24.8 50.0-98.0 0.57-1.31 89.5-182.2  12.0-2044  975.1-988.5
October 2013

(19.6) (77.6) (0.72) (121.2) (112.0) (982.2)
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Figure 1. Location map of the sampling site in Wanzhou.

The samples were analyzed for OC and EC by thermal method with an elemental analyzer (Euro
Vector, EA3000). The procedure performed in this study is similar to the method described by
Chi et al. [15]. In this protocol, the carrier gas is always helium with 8% oxygen. A 0.5 cm? punch from
each sample was sealed in a tin container, and then fed into the elemental analyzer, and then heated to
500 °C to obtain the organic carbon content. Another 0.5 cm? punch sample was sealed in another tin
container and fed into the elemental analyzer, and then heated to 980 °C to obtain the total carbon
concentration. The EC value was taken as the difference between TC and OC. Each sample was
measured three times and we took the mean value as the final result. Ten blank filters were also analyzed
and the sample results were corrected by the average of the blank concentrations.

Many analysis methods have been used to quantify carbonaceous aerosol, in which thermal and
thermal-optical method are the most used method. However, there is no recognized standard method
throughout the world [16]. Although lack of an optical pyrolysis correction in thermal method in the
present work may underestimate OC and overestimate EC, the accuracy of this method was proved
feasible by interlaboratory comparison in other places where the same method to determine OC and EC
was employed [17,18].

3. Results and Discussion
3.1. PM?2.5 Concentrations

The diurnal average PM2.5 concentration varied from 29.7 pg-m™ to 483.8 pug-m™ in 2013.
Compared to the Ambient Air Quality Standard (AAQS) of Class II (75 pg-m™>) for PM2.5 applicable
to residential and cultural regions and promulgated by State Environmental Protection Agency of China
(SEPA) in 2012. During the sampling periods, 34 samples in 48 PM2.5 samples exceeded the standard
of SEPA, with the pollution level of PM2.5 exceeding the standard by 1.0—6.5 times.

Seasonal variations of PM2.5 concentrations were distinct. On average, PM2.5 was 236.0 = 104.5 pg-m >
in winter, 77.5 + 48.0 ug-m™ in spring, 73.4 £ 19.5 ug'm > in summer, and 114.3 + 35.4 pg-m™ in fall,
respectively. The seasonal characteristics of PM2.5 concentrations in Wanzhou can be explained as the
combined impact of climatic conditions and local emissions. The highest concentration of PM2.5 in
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winter could be attributed to the unfavorable meteorological conditions and enhanced local emissions.
As can be seen from Table 2, the wind speed was lowest, RH and atmospheric pressure was relatively
higher in winter, these meteorological conditions favored the formation of low mixing or inversion layer
which limited the dilution and dispersion of pollutions. Additionally, enhanced residential wood and
coal combustion, and conventional meat smoking to make bacon in Wanzhou added the concentration
of PM2.5 in winter. However, in summer, the plentiful rainfall could efficiently remove PM2.5, and the
highest wind speed and temperature in summer could increase the dispersion of fine particles as well.
In spring, the windy weather was favorable for dispersion of PM2.5. In fall, the enhanced emission from
biomass burning and relative lower wind speed mainly resulted in higher concentration of PM2.5.

Table 2. PM2.5 concentrations of four seasons in Wanzhou.

PM2.5 Concentration (ug-m)

Season Sample Numbers
Min Max Average
Winter 14 104.3 483.8 236.0 £104.5
Spring 10 29.7 169.7 77.5+48.0
Summer 14 41.7 98.7 73.4+19.5
Fall 10 72.3 188.9 1143+354
Total 48 29.7 483.8 1253 +76.1

3.2. Concentrations and Seasonal Variations of OC, EC, and TC

As shown in Figure 2, the seasonal mean concentrations of OC were higher than those of EC, and both
OC and EC had large fluctuation. The annual mean concentrations of OC and EC were 25.6 +29.2 ug-m>
and 9.4 + 8.6 pg-m> with their variation range from 5.2 to 131.1 and 2.1 to 41.6, respectively.
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Figure 2. Average concentrations of organic carbon (OC) and elemental carbon (EC) in
PM2.5 in Wanzhou.

Seasonal variations of OC and EC concentrations were significant, with the descending order:
winter > fall > spring > summer. The smallest concentrations of OC and EC both occurred in summer.
The highest concentrations of carbonaceous species appeared in winter, and the mean OC and EC
concentrations in winter were 6.9 times and 4.9 times as high as that in summer, respectively. In addition
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to the enhanced emissions from residential wood and coal combustion and unfavorable atmospheric
dispersion as mentioned above, the smoke emitted from smolder of traditional bacon making was another
important contributor. The concentrations of carbonaceous species in fall was higher than that in spring,
this was ascribed to the contribution of biomass burning in fall.

OC, EC, and TC concentrations in this study were compared with those measured in other Chinese
cities [19-30] in Table 3. In winter, the concentrations of carbonaceous species in PM2.5 in Wanzhou
were much higher than that measured in other Chinese cities. In spring and summer, the OC
concentrations in Wanzhou were lower than that in Beijing, Tianjin, Xiamen, and Zhengzhou. However,
the EC concentrations were higher than those measured in Zhengzhou and Xiamen, but lower than those
measured in Beijing and Tianjin. In fall, the OC concentration was lower than that in Beijing, Tianjin,
Xi’an, Zhengzhou, and Xiamen. However, the EC concentration was lower than that in Beijing, Tianjin,
Xi’an, and Zhengzhou, but lower than that in Xiamen. Therefore, several conclusions could be
summarized: (1) In winter, the concentrations of carbonaceous species in PM2.5 in Wanzhou were at a
much higher level; (2) In spring, summer, and fall, the OC concentrations in Wanzhou were at a lower
level, and the EC concentrations of PM2.5 were at a moderate level; (3) For the full year, the
carbonaceous species in PM2.5 in Wanzhou were at a higher level. However, this level in Wanzhou was
lower than that measured in downtown Chongqing and Tongliang county of Chongging.

Table 3. Comparison of TC (Total carbon), OC, and EC concentrations in PM2.5 in
Wanzhou with those in other Chinese cities.

City Period Site Description oC EC TC OC/EC  Reference
Winter 2013 62.8 20.5 83.3 3.0 This study
Spring 2013 ) 9.9 4.9 14.9 2.1 This study
Wanzhou, Urban commercial- )
Summer 2013 7.9 4.2 12.9 1.6 This study
Chongqing residential-cultural )
Fall 2013 13.9 5.1 18.1 33 This study
Year 2013 23.6 8.7 323 2.5 This study
Downtown March 2005~ ) )
) Urban residential 30.1 6.4 36.5 4.7 [19]
Chongqing February 2006
Tongliang, March 2002~ Urban
) ) o 30.8~42.6 9.70~12.2  40.5~54.7 3.2~3.5 [20]
Chongqing February 2003 commercial/residential
Winter, 24 September
315 11.1 42.6 2.8 [21]
1999~28 September 2000
Spring, 24 September
18.2 6.7 24.9 2.7 [21]
1999~28 September 2000
Beijing Summer, 24 September Urban kerbside
13.4 6.3 19.7 2.1 [21]
1999~28 September 2000
Fall, 24 September
28.8 10.2 39.0 2.8 [21]
1999~28 September 2000
Year 23.0 8.6 315 2.6 [21]
Winter 2008 22.9 5.6 28.5 3.8 [22
Spring 2008 14.4 5.0 19.4 3.0 [22

]
. ]
Urban commercial-
Tianjin Summer 2008 . . 10.2 5.5 15.7 1.8 [22]
residential
Fall 2008 20.2 6.5 22.6 2.8 [22]
]

Year 16.9 5.7 21.6 2.9 [22
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Table 3. Cont.

City Period Site Description oC EC TC OC/EC Reference
Spring 2010 15.4 3.0 18.4 5.1 [23]
Summer 2010 10.0 1.8 11.8 5.6 [23]
Zhengzhou Fall 2010 Urban industrial 18.7 5.4 24.1 3.5 [23]
Winter 2010 27.1 4.7 31.8 5.8 [23]
Year 2010 17.8 3.7 21.5 5.0 [23]
Spring, April 2009 12.9 2.2 15.1 6.2 [24]
Summer, July 2009 9.9 2.3 12.2 44 [24]
. Urban residential-
Xiamen Fall, October 2009 ) 242 3.7 27.9 6.6 [24]
traffic-commercial
Winter, January 2010 30.1 5.0 35.1 6.1 [24]
Year 2009 19.3 33 22.6 5.8 [24]
Winter, December 2005, Urban residential-
Taiyuan 28.9 4.8 335 7.0 [25]
January—February 2006 traffic
Winter 2003 61.9 12.3 74.2 5.1 [26]
Xi’an Urban residential
Fall 2003 34.1 11.3 454 33 [26]
) October 2005— Urban residential-
Shanghai ) 14.7 2.8 17.5 5.0 [27]
February 2006 traffic-commercial
Guangzhou July-November 2002 Urban residential 21.4 5.7 27.1 3.8 [28]
B February—
Nanjing Urban core 13.2 3.7 16.9 3.6 [29]
September 2001
August 2004— o .
Hong Kong Near city industrial 12.0 34 154 3.5 [30]
March 2005

3.3. Relationship between OC and EC

Atmospheric EC is from the incomplete combustion of carbonaceous fuels directly. OC may be
emitted as primary particles directly from sources, but secondary organics can also be formed in the
atmosphere from the low vapor pressure products of atmospheric chemical reactions. Thus, OC/EC
ratios can give some indication of the origins of carbonaceous PM2.5. As shown in Figure 3, strong
OC-EC correlations (R > 0.8) in Wanzhou were observed for winter and fall, indicating that similar
emission sources might contribute to atmospheric fine particles and SOA formation might be minor
during these two seasons. Possibly, the residential wood and coal combustion, motor-vehicle exhaust,
and meat smoking were responsible for that in winter, while the biomass burning and motor vehicle
exhaust were responsible for that in fall. The correlations between OC and EC in spring and summer
were relatively lower than that in winter and spring, indicating the presence of other sources, such as
fugitive dust in spring. In summer, the lowest OC-EC correlation (0.44) was probably due mainly to the
increased biogenic emission and the increased formation of SOA through photochemical activity.

OC/EC ratios provides a valuable tool to identify the secondary organic aerosol (SOA) formation [31].
As shown in Table 3, seasonal average OC/EC ratios in PM2.5 was 3.0 in winter, 2.1 in spring, 1.6 in
summer, and 3.3 in fall, with an overall average of 2.5 during the study period. OC/EC ratios are
influenced not only by secondary organic aerosol formation, but also by emission sources, and different
OC/EC removal rates by deposition. The highest OC/EC ratio in fall was probably attributed to the
higher contribution from biomass burning after harvest [30]. Higher OC/EC ratio was also observed in
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winter, several reasons can account for it. First, residential wood burning in winter increased the
emission of volatile organic precursors, and more volatile secondary organic compounds may be
condensed to form aerosol under low temperature condition. Sheehan et al. [32] found that a 10 °C
decrease in temperature is estimated to increase SOA yields by 20%—-50%. Second, foggy days which
often occur in winter would enhance the formation of SOA, since droplet easily capture airborne
pollution particles and adsorb gaseous pollutants [33]. Third, stagnated atmospheric conditions which
often occur in winter would enhance the SOA formation. In summer, the effects of photochemical
activity and biogenic emission during our sampling periods on the ratio of OC/EC might be shielded by
the above reasons.
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Figure 3. Seasonal correlations between OC and EC in PM2.5.
3.4. Estimation of the SOC Concentration

Because there was no direct analytical technique for quantification of primary and secondary OC,
OC/EC ratio method, which relies mainly on ambient measurements of OC and EC, received widespread
application. This approach suggests that samples having the lowest OC/EC ratios contain almost
exclusively primary carbonaceous compounds. So the concentration of SOC can be estimated from the
following equation [34]:

OCsec = OCrot — EC X (OC/EC)min

where OCsec 1s the secondary OC (SOC), OCiot is the total OC (TOC), and (OC/EC)min is the minimum
ratio observed. However, this method is not always valid. Since the ratios of OC/EC can be affected by
meteorology, local sources and long-range transport of pollutants. According to 48-h backward air mass
trajectories shown in Figure 4. On the highest and lowest OC/EC ratio days in each season, all the daily
air flows arriving in Wanzhou originated from and passed through relatively cleaner areas. So it is
reasonable to consider that the sources are local, the impact by long-range transport is minor, and the
lowest value of OC/EC can represent that of the primary sources. In addition, considering seasonal
variations in meteorology and emissions, the (OC/EC)min observed for each season was used in
calculation: the values were 1.9 in winter, 2.0 in spring, 1.2 in summer and fall.
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Figure 4. Forty-eight-hour backward air mass trajectories for the highest (bold) and lowest
(thin) OC/EC ratio days in winter (red), spring (yellow), summer (blue), and fall (green).

Based on the above equation, the average concentrations of SOC in PM2.5 were calculated and shown
in Table 4. The seasonal average concentrations of SOC in Wanzhou were 24.6 +14.5,4.2+£3.9, 1.7+ 1.3,
and 5.4 £ 4.4 ug-m™ in winter, spring, summer, and fall, which accounted for 38.9%, 34.3%, 20.8%, and
35.0% of OC, respectively. It illuminated that SOC was an important component of OC mass in Wanzhou,
presenting a significant trend of secondary transformation. High SOC/OC ratios in winter were mainly
due to the increased emission of volatile organic precursors and the adsorption and condensation of
semi-volatile organic compounds onto existing solid particles under low temperature conditions, as well
as enhanced SOC formation under the stagnated atmospheric condition. A similar seasonal variation
trend was also reported in Beijing [21], Guangzhou [28], Xiamen [24], and Hong Kong [30].

Table 4. Average concentrations of secondary organic carbon (SOC), total carbonaceous
aerosol (TCA), secondary organic aerosol (SOA) and their ratios in Wanzhou.

SOC SOC/0C TCA®  TCA/PM2.5  SOA®  SOA/PM25 OC/PM2.5 EC/PM2.5
(ng'm™) (%) (ng'm™) (%) (ng'm™) (%) (%) (%)
Winter ~ 24.6+14.5  389+65 121.0+565 509+67 394+232 157+£56 263+38 89=x1l
Spring  42+39  343+248 264+123 23174 6662 74+49  143+41 83+44
Summer  1.7+13  208+13.1  17.6+27  251+60  28+2l1 38+£2.6 112426  73=+21
Fall 5444  350+189  208+81 312+104  86=7.1 7.0 £5.1 121441  3.8+13
Year 9.0+£10.5  323+79  465+498 32.6+127 1444169  85+5.1 160+7.0  7.1+23

Season

Values are represented as average + standard deviation; * TCA.: total carbonaceous aerosol (TCA = 1.6 x OC + EC) [35]; ® SOA: secondary
organic aerosol (SOA = 1.6 x SOC) [35].

3.5. OC, EC and TCA Contributions to PM2.5

As shown in Table 4, the percentages of OC and EC to PM2.5 mass accounted for 26.3% and 8.9%
for winter, 14.3% and 8.3% for spring, 11.2% and 7.3% for summer, 12.1% and 3.8% for fall,
respectively. The relative abundances of OC and EC in winter should be one of the major factors causing
visibility impairment in winter in Wanzhou. Figure 5 shows the relationship between OC/EC and PM2.5
mass concentrations. OC was highly correlated with PM2.5 (» = 0.96) and EC was moderately correlated
with PM2.5 ( = 0.87), suggesting that OC, EC, and PM2.5 shared major sources.
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Figure 5. Relationships between OC/EC and PM2.s mass concentrations.

The total carbonaceous aerosol (TCA) was calculated by the sum of organic matter and
elemental carbon (TCA = 1.6 x OC + EC). The annual average concentrations of TCA in Wanzhou
were 121.0 + 56.5,26.4 + 12.3, 17.6 + 2.7, and 20.8 + 8.1 ug'm* in winter, spring, summer, and fall,
which accounted for 50.9%, 23.1%, 25.1%, and 31.2% of PM2.5 mass, respectively, implying that TCA
contributed a major fraction of PM2.5 mass in Wanzhou. The annual average concentrations of estimated
SOA in Wanzhou was 14.4 pg-m~, accounting for 11.5% of PM2.5 mass, which indicated that SOA
contributed a relatively minor fraction of PM2.5 mass in Wanzhou.

4. Conclusions

In this study, the mass concentration and carbonaceous species of PM2.5 collected in Wanzhou
in southwest China were investigated in 2013. The average mass concentrations of PM2.5 were
236.0 £ 104.5, 77.5 + 48.0, 73.4 £ 19.5, and 114.3 + 35.4 pg-m>, in winter, spring, summer and fall,
respectively, indicating the serious situation of fine particle pollution in Wanzhou. The concentrations
for OC and EC were 23.6 and 8.7 pg'm™> in Wanzhou. By comparison with other cities in China,
the carbonaceous species in PM2.5 in Wanzhou were at a higher level. TCA contributed a major fraction
(32.6%) of PM2.5 mass. On seasonal average, the OC and EC concentrations ranked in the order of
winter > fall > spring > summer, which was mainly associated with meteorological conditions and local
emissions. In winter, strong OC-EC correlations suggested the contributions of similar sources,
which mainly included residential wood and coal combustion, motor-vehicle exhaust, and meat smoking.
The low OC-EC correlation in summer was mainly due to the increased biogenic emission and the
increased formation of SOA through photochemical activity. High OC/EC ratio in winter resulted from
condensation of volatile secondary organic compounds at low temperature condition and enhanced
formation of SOA in frequent foggy days and stagnated atmospheric condition. Based on the minimum
OC/EC ratio, SOC concentrations were estimated to be 24.6 + 14.5,42+3.9,1.7+1.3,and 5.4 £ 4.4 pg'm>
in winter, spring, summer, and fall, accounting for 38.9%, 34.3%, 20.8%, and 35.0% of the total OC,
respectively. The low average ratios of SOA/PM2.5 (3.8%—15.7%) indicated that SOA was a minor
fraction in fine particles of Wanzhou.
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