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Measurements of particle size distribution and size-resolved particle volatility were conducted using a volatility
tandem differential mobility analyzers (V-TDMA) in the urban area of Shanghai during wintertime in January
2014. The nonvolatile mode particles with VSF exceeding 0.85 were always externally mixed with more-
volatile mode particles. The average VSF ranged from 0.58 to 0.65 for 100–400 nm particles, increasing with
the increase of particle size. On average, the nonvolatile mode contributed 15–20% of number fraction for
50–400 nm particles. Due to their hydrophobic nature, the nonvolatile particles were not easily removed by
wet deposition. The concentrations of the nonvolatile mode particles and NOx were well correlated, indicating
that the nonvolatile mode particles were mostly attributed to be fresh traffic soot. The diurnal variations in en-
semble VSF and number fraction of nonvolatile mode particles exhibited two peaks in clean days, corresponding
tomorning and evening rush hours. The VSF distributions of 50 nm particles were similar during a transition be-
tween haze to clean periods whereas in the accumulation mode range, the number fraction of more-volatile
mode and the amount of volatilematerials in themore-volatilemode particles during haze periods are consider-
ably larger than those in clean periods, indicating different contribution from transported sources.
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1. Introduction

Soot is produced from incomplete combustion of fossil fuel and bio-
mass burning (Kondo et al., 2006). Once emitted into the atmosphere,
soot particles gradually become internally mixed with a variety of
chemical components through several atmospheric aging processes
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Fig. 1. A schematic plot of the custom-built Volatility-TDMA system.
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(Gong et al., 2016; Qiu et al., 2012; Riemer et al., 2004; Zuberi et al.,
2005). After aging processes such as condensation, coagulation, oxida-
tion, and cloud processing, the structure and mixing state of the soot
particles are changed significantly (Chen et al., 2016; Ghazi and Olfert,
2013; Zhang et al., 2008).

Consisting mainly of black carbon and possibly coating with a thin
layer of organic carbon, Soot particles are generally regarded as the
most efficient light absorbing component of atmospheric aerosols
(Bond and Bergstrom, 2006; Bond et al., 2013; Fierce et al., 2016;
Rosen et al., 1978). After atmospheric aging with sulfate, nitrate, or or-
ganic carbon, the light absorbing capacity of internally mixed soot par-
ticles is quite distinct from the freshly emitted external mixture (Bond
and Bergstrom, 2006). A nearly 2-fold enhancement on light absorption
was observed after coating soot particles with sulfuric acid and subse-
quent hygroscopic growth at 80% RH (Zhang et al., 2008). It was sug-
gested that soot was the second most important component of global
warming after CO2 in terms of direct forcing (Jacobson, 2001). Besides
influence on their climate effects, the mixing state of soot particles
also exists strong impact on atmospheric visibility. In urban area, traffic
source is themajor contribution of externallymixed soot particleswhere-
as long-range transported soot particles are internally mixed with other
particles or volatile compounds (Wehner et al., 2009). However, fresh
soot particles are possibly modified to internally mixed in a very short
time under the background of highly pollution (Gong et al., 2016).

To determine the mixing state of soot particles, V-TDMAwas exten-
sively employed both in laboratory research and field observations
(Cheung et al., 2016; Sakurai et al., 2003; Wang et al., 2017; Wehner
et al., 2009). After the pioneering work of Rader and McMurry (1986),
Wehner et al. (2004) developed a V-TDMA that was capable of
distinguishing volatile and non-volatile particles in the urban environ-
ment. On the basis of residual particle size distribution at temperature
up to 300 °C, the V-TDMA can not only estimate the nonvolatile particle
fraction of a selectedmonodisperse aerosol but also detect the thickness
of volatile coating for the particles aged with a large amount of volatile
substances.

Over the past 30 years, rapid industrialization and urbanization in
China is accompanied with the increasing consumption of fossil-fuel
such as coal, oil, and natural gas. A large amount of carbonaceous aero-
sols were emitted from power plant, daily traffic, industrial activities,
and biomass burning, causing a significant impact on visibility, climate,
and human health in China (Butt et al., 2016; Chen et al., 2017; Zhang
et al., 2015). In this study, measurements of size-resolved aerosol volatil-
ity were conducted using a custom-built V-TDMA in the urban area of
Shanghai during wintertime in January 2014. We present time-series of
nonvolatile size distribution for 50–400 nm particles. Characteristics of
aerosol volatility in clean and haze periods are discussed in detail. Also,
the relations between nonvolatile mode particles and the concentrations
of SO2 and NOx are investigated by comparing their temporal variations.

2. Experimental

2.1. Sampling site

The observation was deployed at themain campus of Fudan Univer-
sity (31.30°N, 121.5°E). There are many residential quarters and com-
mercial blocks in the surrounding area. At 400 m south and 1000 m
west of the measurement site, there are the Middle Ring Line and the
Yixian Elevated Road, respectively, two of the busiest main roads in
the city. Influencedwithmixingpollutants emitted from traffic, residen-
tial, and industrial sources, the measurement site is a good representa-
tive of urban area in Shanghai.

2.2. Volatility measurements

The volatility measurement was conducted from January 1 to 20,
2014 in the Environmental Building in the school using the custom-
built V-TDMA. The ambient aerosol was pumped into the laboratory at
10 l min−1 through a main sampling tube with an inner diameter of
1/2 in. The inlet of the sampling tube was about 1 m above the roof of
the building. A 0.4 l min−1 aerosol sample was bypassed at the end of
the main sampling tube and introduced into the V-TDMA through a
1.5 m long Swagelok@ stainless steel tube with a 1/4 in diameter.

The V-TDMA was upgraded from our custom-built hygroscopic-
TDMA described previously in detail (Ye et al., 2009). In the V-TDMA
(Fig. 1), the heat denuder is located between the upstream and down-
stream DMAs (Model 3081 L, TSI Inc.) instead of the humidifier in the
hygroscopic TDMA. Briefly, the aerosol sample was dried at RH b 20%
(determined by the RH sensor before the Condensation Particle Counter
(CPC, Model 3771, TSI Inc.)) before charging and subsequently entering
the upstream DMA1. The V-TDMA was operated alternatively in SMPS
mode and then V-TDMAmode. In the SMPSmode, particle size distribu-
tion in the range of 14–600 nm dry diameter was determined. In the V-
TDMAmode, themonodisperse aerosols with drymobility diameters of
50, 100, 200, 300, and 400 nm were selected and then sent to the heat
denuder at 300 °C in turn. The residence time of the selected aerosols
in the heating zone of the denuder is about 1.5 s. Finally, the residual
aerosols after evaporation at 300 °C were screened by the downstream
DMA2 to obtain the nonvolatile size distribution. The volatility shrink
factor (VSF) is defined as relative decrease in mobility diameter of dry
particles due to evaporation at a certain temperature:

VSF ¼ DT

D0

where DT is themobility diameter of residual particles after heating at a
specific temperature T, and D0 is the initial dry particle mobility diame-
ter of the selected monodisperse aerosol.

2.3. Measurements of air quality index and meteorological parameters

The meteorological parameters (e. g., ambient temperature, relative
humidity, wind direction and speed, and precipitation) were continu-
ously measured by an automatic meteorological station (Model
CAWS600, Huayun Inc., China) equipped with a Model HMP155 tem-
perature and RH sensor. The data about air pollutants (e. g. the hourly
concentrations of PM2.5, SO2, and NOx) were provided by the Pudong
Area Monitoring Station of the Shanghai Environmental Monitoring
Center, a distance of ~8 km to the main campus of Fudan University.

3. Results and discussion

3.1. Overviews of meteorological conditions

Located at the estuary of the Yangtze River, Shanghai has a subtrop-
ical monsoon climate with the prevailingwind directions typically from
northwest to northeast in the winter and from southeast to southwest
in the summer (Chan and Yao, 2008). Fig. 2 shows the main meteoro-
logical parameters during the observation. The ambient temperature
(T) and relative humidity (RH) displayed obvious diurnal cycle patterns,



Fig. 2.Meteorological conditions during the observation.
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except during rainy days. The average temperature was 6.6 ± 2.3 °C,
with the highest hourly temperature over 15 °C for 3 days and the low-
est hourly temperature below 3 °C for 6 days. Generally, January is the
coldest month of the year in Shanghai. However, the ambient tempera-
ture did not drop to 0 °C during the whole observation, indicating a
warmer winter which favored the accumulation of particulate pollut-
ants and transformation of their gas precursors. The prevailing winds
were northerly, consistent with the typical climate characteristics of
Shanghai. The average wind speed was 2.03 ± 0.97 m s−1. The wind
speed also displayed a clear diurnal cycle pattern. Except during rainy
days, thewind speed increased in the earlymorning and reached amax-
imum at noontime, and then it decreased slowly until midnight. The re-
moval of primary emissions was suppressed during nighttime due to
the formation of planetary boundary layer (PBL) and the decrease in
Fig. 3. Time-series of particle size distribution in comparisonwith PM2.5 concentration during th
nf100 and nf200–600 are number fraction of the particles below 100 nm and in the range of 2
wind speed until the next morning when a well boundary layer and
higher wind speed favored atmospheric dilution. There were two rain-
fall periods during the observation with a total precipitation of
153 mm. The wet precipitation can remove gas pollutants and aerosol
particles effectively, which mitigates effectively air pollution in
Shanghai.

3.2. Temporal variations of particle size distribution over the observation
period

Fig. 3 displays the temporal evolution of particle number distribu-
tion along with the PM2.5 (particulate matter smaller than 2.5 μm in
aerodynamic diameter) mass concentration during the observation pe-
riod. Referring to the average effective density of 1.39 g m−3
e observation. Ntotal: thenumber concentration of theparticles in the range of 15–600nm;
00–600 nm, respectively.
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determined in a previous study (Xie et al., 2017), the particulate mass
concentration in the range of 15–600 nm in mobility diameter was cal-
culated and expressed as PMcal. Although there were two rainfall pro-
cesses and considerably high wind speeds, the average concentration
of PM2.5 was as high as 79.5±60.3 μgm−3 over the 20-day observation,
indicating severe fine particulate pollution in winter. Two distinct haze
events occurred in the periods of January 1 to 4 (Haze I) and January 17
to 20 (Haze II). The daily-averaged PM2.5 concentration was below the
Chinese Grade-II standards (75 μg m−3 for 24 h average, GB 3095-
2012) in other days, except on January 12 when a brief haze event
burst out. Different from periodic PM episodes in Chinesemegacities re-
ported previously (Guo et al., 2014; Wang et al., 2016; Xie et al., 2017),
the air quality was acceptable in most of the days in the current study,
possibly because the accumulation of local emissions was suspended
by the diurnal cycle of wind speed.

The concentration of the particles in the range of 15–600 nm varied
from below 5000 to larger than 60,000 particles cm−3 during the obser-
vation period. The temporal trend of PM2.5 mass loading was similar to
that of particle number concentration during the period of Haze I
whereas they displayed different patterns during the period of Haze II,
indicating that PM2.5 mass loading was not closely correlated with the
number of the particles. It is noticeable that the particle size distribution
was dominated by nanoparticles (below 100 nm in diameter) during
clean periods whereas the number fraction of nanoparticles decreased
considerably with the increase of PM2.5 mass concentration during the
haze periods. In contrast, the number fraction of the particles larger
than 200 nm increased significantly as the PM episodes developed.
This finding indicates that the elevated particle mass was attributable
to the presence of numerous larger particles. However, the particle
growth process was not observed in this campaign, suggesting that
the condensation growth was not responsible for the presence of nu-
merous larger particles.

Regardless of different size ranges between PM2.5 and PMcal, there
were smaller difference between the concentration of PM2.5 and PMcal

except during Haze II, possibly due to the following reasons: 1) They
were measured in different sites; 2). There existed very few particles
larger than 600 nm in mobility diameter.
Fig. 4. Time-series of volatility shrink factor distribution for different sizes during the ob
3.3. Temporal variation of size-fractioned volatility during the observation

Fig. 4 displays time-series of VSF distribution for different sizes dur-
ing the observation. The inserted red line represents the ensemble VSF.
After heating at 300°C, the secondarily produced SNA (sulfate, nitrate,
and ammonium) and most of the organic species were evaporated, im-
plying that the residual nonvolatile materials mostly consisted of soot,
sea salt, and soil dust. In urban areas and for the submicrometer range,
the majority of the nonvolatile particle mass can be assumed to be
soot (Wehner et al., 2009). In this study, the measured nonvolatile
size distribution after heating at 300 °C is expressed as VSF distribution
by dividing the residual sizewith the initial diameter. For the particles of
one selected diameter,most of theVSF distributionswere apparently bi-
modal. ThemeanVSF of thefirst peakwas approximately equal to unity,
indicating that these particles were almost non-volatile. We attribute
the nonvolatile group to fresh soot, because the soot particles become
more volatile during atmospheric aging due to continuous coating of
volatile materials on the soot surface. Considering that the ratio of
sheath flow and sample flow in the V-TDMA was set as 7.5, particles
with VSF N 0.85 at 300 °C are assumed to be externally mixed nonvola-
tilemode particles while particles with VSF b 0.85 at 300 °C are attribut-
ed to more-volatile mode. The number fraction of the nonvolatile group
varied considerably, depending on both primary emissions and atmo-
spheric conditions. The secondary peak broadened and shift to a lower
VSF, indicative of aged soot internally mixed with volatile materials.
This finding indicates that the selected monodisperse aerosol of a cer-
tain size consisted of different fractions of nonvolatile materials
(Wehner et al., 2009). The 50 nm particle population had the smallest
average VSF of 0.58 ± 0.05, ranging between 0.79 and 0.45 over the ob-
servation period. For accumulation mode particles, the average VSFs
were 0.60 ± 0.04, 0.60 ± 0.05, 0.61 ± 0.06, and 0.65 ± 0.06 for 100,
200, 300, and 400 nmparticles, respectively. Generally, the average vol-
atility shrink factor increased with particle size, indicating that particle
volatility decreased with the increase of particle size. This finding dem-
onstrates that the presence of numerous larger accumulation particles
could not be attributable to condensation growth of smaller Aitken
mode particles, because the condensation of secondary vapors will
servation. The inserted red curve represents the ensemble volatility shrink factor.



Fig. 5.Average volatility shrink factor distributions for different sizes during (a) thewhole
observation and (b) rain days.
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increase particle volatility. A similar featurewas found in Beijing (Wang
et al., 2017). In contrast, Levy et al. (2014) reported an opposite trend in
Tijuana, Mexico that the volatile fraction of submicron aerosols in-
creased with particle size. This finding indicates that the sources and
chemical components of atmospheric particles vary from region to
region.

3.4. Size-dependent volatility shrink factor distribution

Fig. 5 illustrates the observation-averaged VSF distribution for differ-
ent sizes, alongwith those in rainy days. The lower limit of VSF distribu-
tion varied in the range of 0.2–0.3, depending on initial particle size. The
lower limit of VSF distributionwas set as 0.3 for 50nmparticles, because
the lower detect limit of the V-TDMA is 14.7 nm. All sizes displayed a bi-
modal distributionwith one peak near 1.0 and another broad and asym-
metric peak between 0.45 and 0.65. For 50 nm particles, the twomodes
peaked at 0.93 and 0.46. For 100 to 400 nm particles, the nonvolatile
mode particles exhibited similar VSF for different initial sizes. In con-
trast, themode peak of themore-volatilemode group variedwith initial
particle size. Interestingly, the more-volatile mode peaked at 0.52, 0.57,
0.59, and 0.63 for 100, 200, 300, and 400 nm particles, indicating that
volatility decreasedwith the increase in particle size. This finding is con-
sistent with the result of field campaigns in Beijing (Wang et al., 2017;
Wehner et al., 2009), but inconsistent with those measured in Tijuana,
Mexico (Levy et al., 2014). Wehner et al. (2009) divided the more-
volatile group into medium-volatile and high-volatile subgroups and
found that the number fraction of medium-volatile group increased
with the increase of particle size during less polluted periods, which in-
dicates that the mean VSF of the more-volatile group increased with
particle size. For more-volatile mode, the nonvolatile core increased
from 23 nm for 50 nm particles to 252 nm for 400 nm particles. This
finding further supports the aforementioned conclusion that the pres-
ence of larger accumulationmode particles cannot be explained by con-
densation growth of smaller Aitken mode particles. The nonvolatile
mode particles contributed 15–20% of number fraction for 50–400 nm
particles, increasing with particle size. We should point out that the
nonvolatile mode fractions may be overestimated, particularly for
50 nm particles, because the diameters of some nonvolatile cores after
heating at 300 °C might be below the default detect limit of the V-
TDMA. The systematic error decreased with the increase of initial parti-
cle size and was negligible for 400 nm particles, because the concentra-
tion of residuals with the diameter equal to the detect limit was close to
zero.

During rainy days, the volatility of volatile mode particles in diame-
ters of 300 and 400 nmwas similar to those in other days. The 100 and
200 nmparticles exhibited the third volatilemode, possibly coatedwith
larger amounts of insoluble organics. It is noticeable that the nonvolatile
particles in rainy days contributed 19–27% of number fraction for
50–400 nm particles, considerably higher than the observation-
averaged values. The most plausible explanation is that the nonvolatile
particles are very hydrophobic so that the precipitation scavenging is
extremely inefficient for them. Kondo et al., 2006 estimated that the
time constant for the removal of Aitken and smaller accumulation
mode hydrophobic particles by falling raindrops was longer than
4 days. In contrast, the more-volatile particles with coating of inorganic
species can be easily removed by rainout due to their hygroscopic
nature.

3.5. Traffic influence on the concentration of nonvolatile particles

As an important type of primary particles in urban area, soot is a
product of incomplete biomass burning and fossil fuel combustion in
vehicle traffic and industrial activities. To identify the source origin of
the nonvolatile mode particles, the temporal variation of number con-
centration of nonvolatile particles was compared with mass concentra-
tions of NOx and SO2 in Fig. 6, because NOx is mainly produced from
local traffic emissions in urban area and it is used as an indicator of traf-
fic (Levy et al., 2013; Rissler et al., 2014) whereas the pollution level of
SO2 was significantly influenced by reginal transport (Guo et al., 2014).
Additional correlation analysis among them is illustrated in Fig. 7. The
concentrations of the nonvolatilemodeparticles andNOxwerewell cor-
related (R2 = 0.61) over the observation period, indicating that they
were of the same source origin. In contrast, the concentration of SO2 var-
ied in a different pattern from those of NOx and nonvolatile particles (R2

= 0.09), indicating significant contribution of long-range or reginal
transports. Thisfinding reveals that thenonvolatile particlesweremost-
ly attributable to fresh soot of traffic source. The diurnal variation of NOx

and nonvolatile particles usually display two rush-hour peaks, thus fur-
ther supporting their traffic source. However, the peak concentration of
NOx fluctuated widely from day to day, due to strong impact of meteo-
rological conditions.

3.6. Diurnal variation of aerosol volatility in clean and haze periods

Fig. 8 compares the diurnal variations of aerosol volatility during
clean and haze periods. Considering that the PM2.5 concentration
dropped rapidly and it was lower than 75 μg m−3 from 12:00, we ex-
cluded the data measured on January 4 from the statistical average of
haze periods. To avoid the influence from precipitation scavenging, all
data measured in rainy days were also excluded from the clean periods.
The ensemble VSF and the number fraction of nonvolatile particles
displayed similar variation patterns, indicating that the change in en-
semble VSF was dominated by the relative contribution of the two vol-
atility modes rather than by the volatility of the more-volatile mode.
This finding suggests that traffic emission imposed significant impact
on the ensemble VSF.



Fig. 6. Time-series of the concentration of fresh soot, along with the concentrations of NOx and SO2 during the observation.
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During the clean periods, the ensemble VSF increased from 6:00 in
the early morning and reached a maximum at 8:00. The morning traffic
continued from6:00 to 10:00 in Shanghai. The increase in ensemble VSF
Fig. 7. The concentrations of NOx and SO2 as a function of the concentration of fresh soot
during the observation period.
was consistent with the increase of on-road traffic flow, indicating that
themorning peak in the diurnal trend of the ensemble VSFwas attribut-
able to morning traffic. The ensemble VSF decreased before the end of
rush hour, possibly because the atmospheric dilution was strengthened
due to the development of PBL as well as coating of secondary aerosols
on the soot particles due to photo-chemical reactions. Theminimumen-
semble VSF appeared at noon time, corresponding to the highest PBL
and the lowest traffic during daytime. The diurnal variation of ensemble
VSF exhibited another peak at evening rush hour for all sizes. However,
the evening peaks were less significant than thosemorning ones except
for 50 nm particles, possibly due to the comprehensive effect of various
factors. First, the traffic volume during the evening rush hour increased
more slowly than that in themorning; secondly, a large amount of aged
particles formed in the daytime decreased the number fraction of non-
volatile particles during the evening rush hour. The ensemble VSF
remained relatively high overnight, due to couple effect of atmospheric
accumulation and heavy diesel trucks. It was reported that the soot
emission factor of diesel vehicleswas about five times as that of gasoline
vehicles (Jezek et al., 2015).

During the haze periods, the diurnal variation of ensemble VSF for
50 nm particles also exhibited two rush-hour peaks whereas the inten-
sity of evening peak was decreased. In addition, the concentration of
background aerosols increased considerably, which decreased the rela-
tive contribution of fresh emissions to the total particles. The presence
of rush-hour peak indicates strong traffic emissions in urban Shanghai.
During haze periods, themorning VSF peaks of accumulationmode par-
ticles were smaller and delayed with the increase of particle size. These
features can be partly explained by the size distribution of gasoline ex-
hausts. It was reported that themedian diameter of traffic particles from
gasoline sources ranged between 55 and 73 nm with an average of
65 nm (Momenimovahed and Olfert, 2015). The delayed peak for accu-
mulation particles is possibly related to rapid particle growth during the
haze periods.

3.7. Influence of air masses on the aerosol volatility under similar meteoro-
logical conditions

As shown in Fig. 3, the short haze on Jan 12 occurred just after a pre-
cipitation and disappeared in b24 h. The precipitation began at 10:00 on
Jan 11 and continued until 8:00 on Jan 12 (Fig. 1). The average PM2.5

concentrationwas 37±4 μgm−3 during the rainy period,with the low-
est concentration of 27 μgm−3 at the end. After the rain, the PM2.5mass



Fig. 8. Diurnal variations of ensemble volatility shrink factor and number fraction of non-volatile mode particles between clean and haze periods.

458 S. Jiang et al. / Science of the Total Environment 615 (2018) 452–461
climbed up to 75 μg m−3 within 4 h and maintained over 100 μg m−3

from 16:00 on Jan 12 to 2:00 on Jan 13. Then, the air quality improved
rapidly and the PM2.5 mass decreased to b25 μg m−3 within 3 h. Inter-
estingly, no significant change in the main meteorological parameters
(e.g., wind direction and speed, temperature and relative humidity)
was found during the transition of pollution level.

Fig. 9 compares the average VSF distributions on Jan 12 (haze) and
Jan 13 (clean) for different sizes. Although the pollution levels were
considerably different, the average VSF distributions for 50 nmparticles
were almost identical in these two days. This feature indicates similar
sources of these Aitken mode particles. Laakso et al. (2003) suggested
that nucleation and Aitken mode particles in urban areas came from
local sources and especially from traffic source whereas long-range
transport contributed to accumulation mode particles. In contrast, the
average VSF distributions of accumulation mode particles were
completely different between the haze and clean days. It is noticeable



Fig. 9. Comparisons of shrink factor distributions during a transition period under similar meteorological conditions. (■) Jan 12; (●) Jan 13.
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that both the concentration and number fraction of the more-volatile
particles on Jan 12 were considerably higher than those on Jan 13 for
100–400 nm particles, indicating elevated concentrations of highly
aged accumulation mode particles. Meanwhile, the more-volatile
mode VSFs on Jan 12were smaller than those on Jan 13, indicating larg-
er fractions of volatile materials. Being mixed with pollutants along the
way, the long-range transported aerosols became more aged and more
volatile due to secondary formation and condensation growth. These
features indicate larger contribution of long-range transport to PM2.5

during the period of the short haze.
To explain the different contributions of long-range transport under

similar wind direction and speed, air masses arriving in Shanghai were
identified by theHYSPLITmodel onweb (Stein et al., 2015). As shown in
Fig. 10, the back-trajectories of the air masses at 500 m high show that
the air masses originated from China inland first moved towards the
southeast and then turned southerly over the Yellow Sea before arriving
Shanghai on Jan 12. The air masses were transported over the polluted
areas in Hebei and Shandong provinces at lower altitudes (below
1000 m), indicating highly aged aerosols. In contrast, the air masses ar-
riving in Shanghai on Jan 13originated from the above 3000mupper at-
mosphere over Siberia and passed by the upper atmosphere along the
way before arriving in Shanghai, which favored the dilution of the
urban emissions with clean air.
4. Conclusions

The size-resolved mixing state of nonvolatile particles was deter-
mined in Shanghai using a custom-built Volatility TDMA on January
2014.



Fig. 10. 72 h back-trajectories arriving in Shanghai in the period of January 12 to 13.
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Two typical haze episodes and a short haze event occurred during
the observation whereas the air quality was acceptable in other days.
The particle size distribution was dominated by nanoparticles during
clean periodswhereas the particles larger than 200 nm increased signif-
icantly as the PM episodes developed.

Most of the VSF distributions were bimodal, consisting of externally
and internally mixed nonvolatile particles. Both volatility of the more-
volatile mode particles and the ensemble volatility of a certain diameter
decreasedwith the increase of particle size, indicating that the presence
of numerous larger particles could not be attributable to condensation
growth of smaller Aitken mode particles. The number fraction of non-
volatile mode particles was considerably increased in rainy days, be-
cause the precipitation scavenging of nonvolatile mode particles is
extremely inefficient due to their hydrophobic nature.

The ensemble VSF and the number fraction of nonvolatilemode par-
ticles displayed similar variation patterns, indicating that traffic soot im-
posed significant impact on the ensemble VSF. The presence of two
peaks in the diurnal variation profile of VSF were attributed to the
morning and evening rush-hour traffics. The rush-hour peak was less
significant during haze periods because the concentration of back-
ground aerosols was highly enhanced. A short haze and a very clean
day were present in sequence under similar meteorological conditions.
Back-trajectories show that the short haze was attributable to the long-
range transported air masses from polluted area while the improve-
ment of atmospheric diffusion conditions was responsible for the
clean sky in the next day.
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