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ABSTRACT

Fine particle of organic aerosol (OA), mostly arising from pollution, are abundant in Beijing. To achieve a better un-
derstanding of the difference in OA in summer and autumn, a high-resolution time-of-flight aerosol mass spectrometer (HR-
ToF-AMS, Aerodyne Research Inc., USA) was deployed in urbanBeijing in August and October 2012. The mean OA mass
concentration in autumn was 30±30 µg m−3, which was higher than in summer (13±6.9 µg m−3). The elemental anal-
ysis found that OA was more aged in summer (oxygen-to-carbon(O/C) ratios were 0.41 and 0.32 for summer and autumn,
respectively). Positive matrix factorization (PMF) analysis identified three and five components in summer and autumn,re-
spectively. In summer, an oxygenated OA (OOA), a cooking-emission-related OA (COA), and a hydrocarbon-like OA (HOA)
were indentified. Meanwhile, the OOA was separated into LV-OOA (low-volatility OOA) and SV-OOA (semi-volatile OOA);
and in autumn, a nitrogen-containing OA (NOA) was also found. The SOA (secondary OA) was always the most important
OA component, accounting for 55% of the OA in the two seasons.Back trajectory clustering analysis found that the origin
of the air masses was more complex in summer. Southerly air masses in both seasons were associated with the highest OA
loading, while northerly air masses were associated with the lowest OA loading. A preliminary study of OA components,
especially the POA (primary OA), in different periods foundthat the HOA and COA all decreased during the National Day
holiday period, and HOA decreased at weekends compared withweekdays.
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1. Introduction

Organic aerosol (OA) is a primary contributor of fine par-
ticle pollution, constituting 20%–90% of the submicron par-
ticulate mass (Zhang et al., 2007). Meanwhile, OA greatly
impacts the radiative budget of the Earth’s atmosphere, in
addition to reducing visibility, and harming human health
(Alam et al., 2011). Therefore, a thorough understanding
of the OA characteristics, sources, and the processes it un-
dergoes in the atmosphere are very important for addressing
aerosol-related pollution issues, and for the improvementof
the predictive capability of air quality and climate models
(Zhang et al., 2011).

Most previous aerosol studies have been based on fil-
ter sampling, followed by laboratory analysis. However,
these methods usually have a lower resolution and cannot
capture the dynamic changes of aerosol chemical composi-
tion and size distributions that occur over faster timescales
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than the sampling interval (Ulbrich et al., 2012). Over the
past decade, high-resolution time-of-flight aerosol mass spec-
trometer (HR-ToF-AMS) instruments, particularly the com-
mercial instruments made by Aerodyne Research Inc., have
been widely used to study fine particulate matter. This
has allowed detailed investigation of aerosol sources and
processes.

Beijing, the political and cultural center of China, has de-
veloped rapidly in recent years: it is now one of the top ten
polluted cities in the world (Yu et al., 2011). As expected,
with the fast growth of the population and the number of
motor vehicles, the air quality in Beijing has severely dete-
riorated. Fine particles are a top pollutant. OA in Beijing
accounts for 30%–50% of the total particulate mass of PM1

(particulate matter with an aerodynamic diameter<1 µm)
(He et al., 2006), and therefore makes a strong contribution
to the air pollution. Only a small number of reports have
focused on OA in submicron particles in Beijing, measured
by AMS. Sun et al. (2010) first used a quadrupole-based
aerosol mass spectrometer (Q-AMS) to study non-refractory
submicron particles (NR-PM1) in Beijing in summer 2006.
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Three OA components were determined: hydrocarbon-like
OA (HOA), and two oxygenated OA (OOA) components.
Huang et al. (2010) first deployed a HR-ToF-AMS in Bei-
jing and measured the chemical composition and size distri-
bution of the detected submicron particles. The OAs were
divided into two oxygenated organic aerosol types (OOA-1
and OOA-2), hydrocarbon-like (HOA), and cooking-related
(COA). In January 2013, Beijing experienced several seri-
ous haze events, and during this time Zhang et al. (2014)
deployed an Aerodyne HR-ToF-AMS to measure the NR-
PM1, and elucidated several factors for the pollution events
based on the measurement results. Sun et al. (2013) found
that aerosol composition, processes and sources vary be-
tween summer and winter, caused by seasonally depen-
dent meteorology and source emissions. Therefore, knowl-
edge of the seasonal variation of OA is relevant to effec-
tively reduce air pollution in Beijing. However, there remains
no high resolution autumn OA data, and seasonal differ-
ences have rarely been reported in Beijing (Sun et al., 2013;
Zhang et al., 2013).

To achieve an in-depth understanding of OA in sum-
mer and autumn, and to analyze OA chemical characteris-
tics, processes and sources, a high-resolution time-of-flight
aerosol mass spectrometer (HR-ToF-AMS, Aerodyne Re-
search Inc., USA) was deployed in Beijing in August and
October 2012. The instrument was used to determine and
compare the concentrations, size distributions, and extent of
oxidation of the OA in summer and autumn. Additionally,
the OA components were determined by positive matrix fac-
torization (PMF) analysis of the high-resolution AMS data
(PMF-AMS). Finally, the effects of air mass transport and hu-
man activities on the OA loading and OA components were
analyzed. We must note that the AMS measurement results
includes OA and other inorganic species (nitrate, sulfate,am-
monium and chloride). In this study, we only focused on the
OA and other inorganic species were only used to compare
with the PMF results.

2. Methods and materials

2.1. Sampling site description

The HR-ToF-AMS was placed in the location used by
Zhang et al. (2014), at the Institute of Atmospheric Physics
(IAP), Chinese Academy of Sciences (CAS), in August (1 to
31 August) and October (1 to 31 October) 2012, to measure
in real-time the size distributions and chemical compositions
of ambient OA (Fig. S1). Meteorological parameters includ-
ing temperature, humidity, and wind speed and direction were
recorded by an automatic meteorological observation instru-
ment (Milos520, Vaisala, Finland). Concentrations of NO
and NO2 as combined NOx were measured using a chemilu-
minescence analyzer (Model 42i, Thermo-Fisher Scientific,
USA). Data were collected every 5 minutes. Ambient air for
AMS observation sampled 15 m above ground, while me-
teorological parameters and NOx were sampled 8 m above
ground.

2.2. HR-ToF-AMS operation

Full details of the HR-ToF-AMS instrument were pub-
lished by DeCarlo et al. (2006). The operation of the HR-
ToF-AMS during the campaign followed that of Zhang et al.
(2014). The V- and W-ion optical modes were alternated ev-
ery 7.5 minutes. In V-mode operation, the HR-ToF-AMS cy-
cled through the mass spectrum (MS) and the particle time-
of-flight (PToF) modes every 45 s, spending 22.5 s in open
and closed status under MS mode, respectively. The size
distribution data are reported in terms of particle vacuum–
aerodynamic diameter. At the beginning, middle and end of
the two seasonal study periods, the ionization efficiency (IE),
inlet flow, and particle sizing were calibrated following stan-
dard protocols (Jimenez et al., 2003; Drewnick et al., 2005).
The 7.5 minutes OA detection limit (DL) was determined to
be 0.056µg m−3, three times the standard deviation of the
signal in particle-free air.

2.3. HR-ToF-AMS data analysis

The analysis of the HR-ToF-AMS data was based on
the standard analysis software packages SQUIRREL, version
1.50, and PIKA, version 1.09. A collection efficiency (CE)
factor of 0.5 was used in this study. A detailed discussion on
the choice of the CE is presented in supporting information
(Part 1, Figs. S2 and S3). The relative ionization efficiency
(RIE) value of organics used in this study was 1.4 (Cana-
garatna et al., 2007).

PMF analyses were performed on the HR-MS data using
the PMF Evaluation Toolkit (PET), version v2.05 (Paatero
and Tapper, 1994; Ulbrich et al., 2009). Data and error matri-
ces were first generated in PIKA. Further information about
the PMF analysis can be found in other related publications
(e.g., Paatero and Tapper, 1994; Paatero and Hopke, 2003;
Ulbrich et al., 2009; Huang et al., 2010; Zhang et al., 2014).

The PMF analyses in the two study seasons were per-
formed for 1 to 8 factors. A detailed discussion of the optimal
solutions choice is detailed in supporting information (Part2,
Fig. S4). The 3 factor and the 5 factor were chosen as the
optimal solutions in summer and autumn, respectively.

3. Results and discussion

3.1. Mass concentrations and temporal variations of OA

Figures S5 and S6 present the meteorological factors dur-
ing the two seasons as hourly averaged values. The average
ambient temperature and relative humidity in summer were
27◦C±3.8◦C and 61%±18%, respectively. Wind speed var-
ied from 0.0 to 3.5 m s−1, with an average of 0.9± 0.7 m
s−1. As expected, the average ambient temperature and rel-
ative humidity were both decreased in autumn: they were
14◦C±4.7◦C and 52%±20%, respectively. Meanwhile, the
wind speed had a broader range, from 0.0 to 8.0 m s−1, with
a higher average of 1.2±1.2 m s−1.

The OA mass concentration time series had very differ-
ent characteristics in summer and autumn. It was more stable
in summer, with an OA mass concentration lower than 50
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µg m−3. The OA mass concentration varied greatly in au-
tumn, often exceeding 100µg m−3 (Fig. 1), with a broad
range from 1.1 to 173µg m−3. The summer distribution had
a range of was 0.96 to 46µg m−3. The mean mass concentra-
tions of OA in summer and autumn were 13±6.9µg m−3 and
30±30µg m−3, respectively. The summer value was much
lower than that measured in Beijing in 2006 (28.1µg m−3)
by Sun et al. (2010), and in 2008 (23.9µg m−3) by Huang et
al. (2010). However, it was higher than the summer results of
Huang et al. (2012) in Shanghai. The PM1 mean mass con-
centration measured by Huang et al. (2012) was 29.2µg m−3,
and the OA mass concentration was 8.4µg m−3. In addition,
our summer OA value was also higher than those measured
in other cities during the same season; e.g. 6.6µg m−3 in
Zurich, 6.3µg m−3 in New York, and 2.2µg m−3 in Pairs
(Lanz et al., 2007; Sun et al., 2011; Crippa et al., 2013, re-
spectively). The difference in the mean mass concentration
of OA between Beijing and other major cities in China in
autumn was also significant. The OA loading was only 18
µg m−3 in the Hong Kong-Shenzhen metropolitan area (He
et al., 2011). These observations suggest that although the
summer OA in Beijing has decreased significantly in recent
years, it is still at a higher level compared with Shanghai or
other foreign cities as we mentioned above. OA pollution in
autumn remains elevated in Beijing.

The mean diurnal variations of OA during both seasons
are presented in Fig. 2a. The OA were characterized by
two peaks, which occurred at around noon (1100–1300 LST)
and in the evening (1800–2300 LST). Such diurnal variations
have often been observed in AMS measurements (Huang et
al., 2010; Sun et al., 2011; Huang et al., 2012). However,
measurements made in Pittsburgh by Zhang et al. (2005a)
had a first peak corresponding to the morning rush hour dur-
ing 0700-0900 LST which reflects the importance of traffic
emissions (Zhang et al., 2005a). The concentration differ-
ence between the two peaks was much larger in autumn (35
µg m−3) than in summer (6µg m−3). A smaller difference in
summer was also observed in Shanghai (Huang et al., 2012).
Meanwhile, the large difference in autumn was also measured
in Shenzhen (He et al., 2011). The large difference between
the two peaks appearing in autumn is likely a result of the sig-
nificantly reduced nighttime mixing layer height. This effect

was weak in summer due to the higher ambient temperature
throughout the day and night. This is illustrated in Figs. S5
and S6: the lowest temperature in summer was about 17◦C,
while the lowest temperature in autumn was close to 0◦C. In
addition, the mean temperature in summer was 13◦C higher
than in autumn. The more detailed information about the dif-
ference of mixing layer height in different months in Beijing
was discussed by He and Mao (2005) and You et al. (2010).
The identification and discussion of different OA factors is
presented in section 3.2.

Size distributions provide important information to un-
derstand aerosol sources, formation, and growth mechanisms
(Lan et al., 2011). Figure 2b presents the average size dis-
tributions of OA determined by the HR-ToF-AMS during the
two seasons. Although there was a large difference in OA
concentrations, the OA all showed very similar size distribu-
tions. The peak for both distributions appeared at∼600 nm,
indicative of aged regional aerosols (Zhang et al., 2005b).
Moreover, there was another smaller peak at∼200 nm, which
may be attributed to “fresh” combustion emissions (Sun et al.,
2011). A similar phenomenon has been observed at other ur-
ban sites (Huang et al., 2011; Sun et al., 2010) and in chamber
studies (Asa-Awuku et al., 2009).

The elemental composition is one of the most important
physicochemical properties of OA. It can influence the den-
sity, hygroscopicity, and vapor pressure of the OA (Pang
et al., 2006). The oxygen-to-carbon (O/C) atomic ratio is
a good parameter for measuring the extent of oxidation of
OA (Jimenez et al., 2009). In addition, the organic-mass-to-
organic-carbon (OM/OC) mass ratio was used as a conversion
factor, following the form of traditional filter-based aerosol
chemistry studies. In summer, the mean value of the O/C and
OM/OC mass ratios were 0.41± 0.10 and 1.70± 0.13; and
they decreased in autumn, to 0.32±0.11 and 1.59±0.20, re-
spectively. This difference indicates that the OA in summer
was more aged than that in the autumn. This may result from
higher temperatures and solar radiation during the summer
months, which can enhance the OA aging and the increase of
O/C ratio.

As shown in Fig. 3, the O/C and OM/OC mass ratios had
high values in the afternoon (1500–1600LST) and low values
in the evening (after 1900 LST). This is because photochemi-

1 3 5 7 9 1 1 1 3 1 5 1 7 1 9 2 1 2 3 2 5 2 7 2 9 3 103 06 09 01 2 01 5 01 8 0
M assconc .( �gm�3 )

D a y o f t h e m o n t h
S u m m e rA u t u m n

Fig. 1. Time series of the mass concentration of OA in summer and autumn.
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Fig. 2. The (a) diurnal cycle and (b) size distribution of OA during summer and autumn.
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Fig. 3. The diurnal cycles of the O/C (molar ratio) and OM/OC (mass ratio) in different seasons.

cal reactions were most active in the afternoon, leading to the
production of SOA with high O/C ratios. However, the min-
imum values of O/C and OM/OC occurred at 1200 LST and
1900 LST corresponding to the lunch time and evening meal
and rush hours in Beijing. These findings reflect the fact that
catering activities are an important factor affecting the oxi-
dization of OA in Beijing. Ratios measured during winter
campaigns by Zhang et al. (2014) were added to Fig. 3 for
better comparison. Although the diurnal variation was simi-
lar during the different seasons, the ratios were significantly
higher in summer than during autumn and winter.

3.2. Investigating OA components/sources with PMF

The PMF analysis identified three organic components
present in the summer: oxygenated OA (OOA), cooking-
related OA (COA), and hydrocarbon-like OA (HOA); and
five present in the autumn: low-volatility oxygenated (LV-
OOA) and semi-volatile oxygenated (SV-OOA), nitrogen-
containing OA (NOA), COA, and HOA. Figures 4 to 7 show
the MS profiles of every component and the time series of the
OA factors and their relevant species in summer and autumn.

Generally, LV-OOA and SV-OOA were dominated by
SOA. They had different O/C ratios and volatilities: LV-
OOA, more oxidized and aged, has a higher O/C ratios,
whereas SV-OOA, often less oxidized and fresher, has a

lower O/C ratio (Jimenez et al., 2009). The MS of both
OOA components were dominated by abundant CxHyO+

z
fragments, especially by CO+2 (m/z 44), suggesting that ox-
idized organic compounds were present in large amounts
(Figs. 4a, 6a and b). SV-OOA displayed a higherm/z 43
value (mainly C2H3O+) than LV-OOA (Sun et al., 2011).
However, the OOA could not be divided into LV-OOA and
SV-OOA in summer in Beijing (Fig. 4a). The MS of OOA in
summer was very close to the LV-OOA in autumn, with O/C
ratios even higher than the LV-OOA (0.87 for OOA and 0.81
for LV-OOA).

The time series of OOA in summer and LV-OOA in au-
tumn showed similar trends to that of sulfate (R2

= 0.77 and
0.86, Figs. 5a and 7a). However, the correlation of SV-OOA
in autumn with nitrate (R2

= 0.35) was not as strong as that
with other components, because nitrate can be generated not
only through photochemical oxidation in daytime but also
through the reaction of H2O in particles and the decompo-
sition of N2O5 at night. LV-OOA and OOA displayed similar
diurnal cycles, characterized by a gradual increase in the day-
time, with a maximum at noon. This reflects the dominant
contribution from photochemical production in the daytime
(Fig. 8a). The diurnal cycle of SV-OOA in autumn showed
a lower value in the afternoon, likely due to higher ambi-
ent temperatures favoring the evaporation of semi-volatile
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Fig. 4. The summer mass spectra of the (a) OOA, (b) COA, and (c) HOA components.
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Fig. 5. The time series of three OA components and other relevant species in summer.
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Fig. 6. The autumn mass spectra of the (a) LV-OOA, (b) SV-OOA, (c) NOA, (d) COA,
and (e) HOA components.

species, which counteracted the photochemical productionof
SOA (Fig. 8a). As the decrease of SV-OOA was accom-
panied by a gradual increase of LV-OOA, further oxidation
of more volatile and less oxidized species (i.e. SV-OOA) to
less volatile and highly oxidized species (i.e. LV-OOA) oc-
curred. LV-OOA and SV-OOA in autumn comprised 34%
and 21% of the OA, respectively (Fig. 8b). Together, the
OOAs accounted for 55% of the OA, similar to the contri-
bution of OOA in summer (55%). These contributions from
OOA during this study were consistent with previous findings
in Barcelona (55%) (Mohr et al., 2012) and in Beijing (58%)
(Huang et al., 2010; Zhang et al., 2013).

The third factor in autumn was identified as NOA, which
exhibited the highest N/C ratio (0.055). This component ac-

counted for 9% of the total organic mass (Fig. 8b). The high-
est nitrogen-containing fragments were atm/z 27 (CHN+),
m/z 29 (CH3N+), m/z 30 (CH4N+), m/z 41 (C2H3N+) and
m/z 42 (C2H4N+) (Fig. 6c). This MS characteristic was
very similar to that measured in the Po Valley (Saarikoski
et al., 2012). A good correlation was reported between NOA
and the N-containing C3H8N+ ions (R2

= 0.57). Similar OA
component finding were also recorded in Mexico City (Aiken
et al., 2009), with a N/C of 0.06. The mass spectrum of NOA
also closely resembled that of OOA in our study. Sun et al.
(2011) found that the NOA component was associated with
atmospheric amines. Meanwhile, Ge et al. (2011) performed
a detailed review of the sources of atmospheric amines, iden-
tifying many anthropogenic and natural sources. They found
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Fig. 7. The time series of five OA components and other relevant species in autumn.

that biomass burning was a primary source of many trace sub-
stances, and C1 to C5 (the number of C atom from 1 to 5)
amines were produced during the burning process. Mean-
while, biomass burning may also release some long-chain
alkyl amides. Accordingly, we found a prominent contribu-
tion of m/z (mass to charge) 60 in the NOA MS in our study:
a good tracer for biomass burning (Aiken et al., 2009). There-
fore, this OA component likely came from biomass burning.
However, the NOA was only identified during the autumn
sampling period, as biomass burning emissions occur after
the harvest in autumn. In addition, given that amines are
emitted from various industrial operations, such as chemical
and leather manufacturing (Ge et al., 2011), the large indus-
trial region to the south of Beijing could also have been an
important source of NOA.

The COA was a common OA component in both sum-
mer and autumn. It was identified by a special spectrum
and a unique diurnal pattern. The contribution ofm/z 41

(mainly C3H+

5 ) andm/z 55 (mainly C4H+

7 ) in the COA MS
were very, indicating a high percentage of unsaturated or-
ganic compounds (Figs. 4b and 6d), very close to the MS
measured for primary Chinese cooking emissions by He et al.
(2010). As shown in Figs. 5b and 7d, a good correlation was
observed between the COA and the fragments of C6H10O+,
the main component of the COA MS: the correlation coeffi-
cientsR2 were 0.70 and 0.78 in summer and autumn, respec-
tively (Sun et al., 2011). A clear and unique diurnal pattern
of COA was observed, with two peaks at noon and in the
evening, corresponding to the lunch and evening meal times
of the local residents (Fig. 8a). However, the evening peak
was much higher than the noon peak in autumn, consistent
with the total OA trend. This indicates that the COA is an
important OA component that determines the diurnal varia-
tion of OA. In addition, it was interesting to find a small peak
corresponding to breakfast time on autumn mornings. This
phenomenon was also observed by Sun et al. (2013). How-
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ever, it did not appear in summer. Perhaps residents choose
not to cook breakfast in the summer due to the hot weather.
The COA was a very stable OA component in both seasons,
with similar contributions to total OA (23% and 26%). This
proportion is the same as other results in Beijing, such as 24%
in summer and 23% in winter (Huang et al., 2010; Zhang et
al., 2014). However, this component was not identified in
Shanghai or Shenzhen (He et al., 2011; Huang et al., 2012).
Rational management of the culinary industry is very impor-
tant for reducing the OA concentration in Beijing. This could
include encouraging residents to use simple soot filter equip-
ment, and for restaurants to use fuel with improved combus-
tion efficiency.

The HOA component was mainly attributed to primary
combustion sources, which displayed high signals of the ion
series CnH+

2n+1 and CnH+

2n−1 from alkenes plus cycloalkanes
(Ng et al., 2010). This is very similar to previously reported
reference spectra of POA (primary OA) emitted due to com-
bustion of gasoline and diesel (Schneider et al., 2006). This
component was also identified during both summer and au-
tumn campaigns, both having an H/C ratio of 1.66, and sim-
ilar O/C ratios (0.14 and 0.18, respectively). The O/C value
was consistent with the results in Beijing 2008 (0.17; Huang
et al., 2010) and Mexico City (0.18; Aiken et al., 2009). In
addition, HOA correlated well with combustion tracers, such
as NOx (R2

= 0.62 and 0.55; Figs. 5c and 7e). HOA ac-
counted for 22% and 10% of the total OA mass in summer
and autumn (Fig. 8b). The diurnal patterns of HOA during
the two seasons were similar, with a prominent peak in the
morning around rush hour, and a second higher peak appear-
ing at night (Fig. 8a). This diurnal cycle was consistent with
the number of heavy duty and diesel trucks in Beijing (Han

et al., 2009). According to traffic regulations, these kindsof
vehicles are only allowed inside the city between 22:00 and
06:00. After comparing this period with the diurnal cycle of
HOA, we found that the highest value of this OA factor was
more likely driven by the emissions from these kinds of ve-
hicles (Sun et al., 2013). This finding was consistent with the
Beijing 2008 results of Huang et al. (2010) and with those of
other urban locations, such as the Po Valley (Saarikoski et al.,
2012) and Barcelona (Mohr et al., 2012). These findings to-
gether indicate that HOA is likely a surrogate for combustion
POA.

3.3. Back trajectory clustering analysis

The Hybrid Single-Particle Lagrangian Integrated Trajec-
tory (HYSPLIT) model was used to analyze the effect of air
mass transport on the OA loading and components in Bei-
jing. The analysis steps were similar to those in Huang et
al. (2010). First, 48-h back trajectories, starting at 500 m
above ground level in Beijing (39.97◦N, 116.37◦E), were cal-
culated every 6 h (at 0000, 0600, 1200 and 1800 LST) dur-
ing the two seasons. The back trajectories (BTs) were then
clustered according to their similarity in spatial distribution
using HYSPLIT4 software (Draxler et al., 2009). As a result,
a four-cluster and a three-cluster solution were suggestedas
the optimum clustering solution for summer and autumn (Fig.
9).

There was a significant difference in the BTs in sum-
mer and autumn. Almost all air masses in autumn came
from western China. The origin of the air masses, how-
ever, was more complex in summer, and they were uniformly
distributed around Beijing. The most frequently observed
air mass was the fourth cluster in summer (at a frequency of

Fig. 8. (a) Diurnal variations of the OA components and (b) the average OA compositions in summer and
autumn as pie charts.
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Fig. 9. Back trajectory groups, and the corresponding mean OA
compositions as pie charts, during (a) summer and (b) autumn.

33%), which originated in the Bohai Sea region east of Bei-
jing, and passed Tianjin, a large industrial city in northern
China, before arriving. The highest OA loading appeared
in the third cluster, which originated in Shandong Province
and passed over Hebei province, and the cities of Jinan,
Liaocheng, and Hengshui. Therefore, the air masses in this
cluster could have carried pollutants from these cities, aggra-
vating the pollution in Beijing. However, the most frequently
observed air mass in autumn was the third cluster (at a fre-
quency of 51%), which originated from the west and moved
southeast at the start of the 12 hour period, after which it
turned northeast and finally reached Beijing. This air mass
passed over Shanxi and Hebei provinces, the largest coal-
producing and consuming provinces in China, respectively.
Unsurprisingly, the highest OA loading (40µg m−3) was ob-
served in this cluster. The lowest OA loadings in the two
seasons were similar and all observed in air masses originat-
ing north of Beijing; the corresponding concentrations were
8 and 10µg m−3 in summer and autumn, respectively.

The contribution of each OA component was different in
each cluster. The OA in the first clean cluster in both sea-
sons was composed of the highest fraction of POA, such as
HOA and COA. Their total contributions were 65% and 49%
in summer and autumn, respectively, indicating a significant
contribution of primary emissions in and around the vicinity

of Beijing to aerosol pollution. The OA in the highest OA
loading clusters (the third cluster 3 of both seasons) had the
highest fractions of secondary aerosol. The contributionsof
OOA were 62% and 55% in summer and autumn, respec-
tively. The heavy pollution cluster was associated with the
geographical features of urban Beijing: generally flat and sur-
rounded by mountains on all sides except the south.

As can be seen from the above analysis, the high OA con-
centration was associated with southerly air masses contain-
ing secondary regional pollutants; in contrast, the contribu-
tion of local, primary aerosol emissions were more important
in northerly air masses, and the OA loading was much lower
than that in the southerly air masses.

3.4. OA component variations in different periods

The observation in autumn not only included weekdays
and weekends but also one of the most important festivals in
China, the National Day of China, on 1 October. People’s
routines are different among these three periods, resulting
in significant OA source changes. Therefore, studying the
OA component changes during these three periods can re-
veal the effect of human activities on the ambient OA. Most
residents’ weekday activities follow a go-to-work–go-home
pattern. Most office workers have no need to attend at week-
ends, so the rush disappears. During the National Day period,
people have a 7 day holiday (from 1 to 7 October). Many resi-
dents leave Beijing, while many people come from elsewhere
to visit the city.

The diurnal variations of SV-OOA and COA were sim-
ilar during these three periods (Figs. 10b and d). The two
COA peaks were lower during the National Day holiday pe-
riod than on weekdays and weekends, because the OA emis-
sions from family dining events were significantly reduced
(most Beijing residents were traveling to other locations,even
though a large number of tourists from other locations trav-
eled to Beijing). This difference can be explained as fol-
lows: there are no primary filtering measures used in tradi-
tional family home cooking, whereas most large restaurants,
where tourists dine, have installed advanced filtration equip-
ment. Therefore, the emissions and the contribution of COA
to the OA total during the National Day holiday period de-
creased (Fig. 10d). The diurnal variations of the other three
OA components were different among the three periods (Figs.
10a, c and e). The greatest difference was observed for HOA,
which presented a prominent peak in the morning around rush
hour. Meanwhile, the weekday HOA morning peak was sig-
nificantly higher than on weekends and the National Day hol-
iday period. This appears consistent with the reduced morn-
ing rush hour on weekends and the holiday. In addition, the
contribution of HOA to OA on weekdays was significantly
higher than during the other two periods (Fig. 10f). This is
consistent with the result measured by Rattigan et al. (2010)
in New York. They found that the direct emissions from fos-
sil fuel combustion were lower at weekends (approximately
27% and 38% lower on Saturday and Sunday, respectively)
than on weekdays.

From the above analysis, it is clear that the primary or-
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Fig. 10. The (a–e) diurnal variations and (f) percentage contributions of the different OA components
on National Day holiday, weekdays and weekends.

ganic aerosols, HOA and COA, decreased during the Na-
tional Day holiday period, and HOA decreased at the week-
ends compared with weekdays. It should be noted that we do
not discuss the other three OA components in detail because
the formation processes of these components are complicated
and determined not only by the primary emission sources, but
also by atmospheric conditions, such as anthropogenic influ-
ences, sunlight, atmospheric oxidation and regional transport.
Therefore, this section is intended as a preliminary study on
the effect of human activities on the POA component. Fur-
ther and more in-depth studies, especially the effect on SOA,
will require more observations and meteorological data.

4. Conclusions

Size-resolved OA was measuredin situ using an HR-
ToF-AMS during August and October 2012 in Beijing. The
mean mass concentrations of OA in summer and autumn

were 13±6.9 µg m−3 and 30±30µg m−3, respectively. The
OA showed a very different trend in the two seasons, which
was more stable in summer than autumn. The average OA
size distribution in the two seasons was similar and spanneda
broad range, with the appearance of the highest peak at∼600
nm and another small peak at∼200 nm. The diurnal vari-
ations of OA displayed two broad peaks, one at noon and
the other in the evening, mainly affected by the COA com-
ponent. Meanwhile, the concentration difference of the two
peaks was higher in autumn, possibly caused by differences
in meteorological factors. The elemental analysis found that
the ratios of O/C and OM/OC were all higher in summer.
Therefore, the OA was more aged in the warmer season. PMF
analysis indicated three and five OA components for sum-
mer and autumn, and that the OOA accounted for about 55%
of the total OA. Back trajectory clustering analysis indicated
that the southerly air mass was associated with the highest
OA loading, and was rich in oxidized organic species. How-
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ever, OA in northern air masses contained a large fraction of
primary HOA and COA species. There was a significant ef-
fect of human activities on the OA components, especially
during the long National Day holiday, when the COA and
HOA levels obviously decreased.
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