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Abstract. Long-term measurements of particle number sizesignificant particle nucleation rates and subsequent particle
distributions were carried out both at an urban backgroundyrowth over a sufficiently long time period at both sites were
site (Peking University, PKU) and a regional Global Atmo- chosen to investigate the influence of NPF on the number
spheric Watch station (Shangdianzi, SDZ) from March to concentration of “potential” CCN. As a result, the NPF and
November in 2008. In total, 52 new particle formation (NPF) the subsequent condensable growth increased the CCN num-
events were observed simultaneously at both sites, indicatinger concentration in the North China Plain by factors in the
that this is a regional phenomenon in the North China Plainrange from 5.6 to 8.7. Moreover, the potential contribution
On average, the mean condensation sink value before the nwf anthropogenic emissions to the CCN number concentra-
cleation events started was 0.023sn the urban environ-  tion was more than 50 %, to which more attention should be
ment, which was 1.6 times higher than that at regional sitedrawn in regional and global climate modeling, especially in
However, higher particle formation and growth rates werethe polluted urban areas.

observed at PKU (10.8cnis™! and 5.2 nm h') compared
with those at SDZ (4.9 cm?s 1 and 4.0nm h?). These re-
sults implied that precursors were much more abundant in

the polluted urban environment. Different from the observa-1 Introduction

tions in cleaner environments, the background conditions of

the observed particle homogeneous nucleation events in thénpacts of aerosol particles on the earth-atmosphere sys-
North China Plain could be characterized as the co-existinﬁema including the climate, ecosystem, air quality and pub-
of a Stronger source of precursor gases and a h|gher co ic health, determine its hlghllghted tOpiCS in atmOSpheriC
densational sink of pre-existing aerosol particles. Secondarghvironmental research (IPCC, 2007). New particle forma-
aerosol formation following nucleation events results in antion (NPF), through the nucleation of gas-phase species and
increase of particle mass concentration, particle light scattercontinuous condensational growth, is an important source of
ing coefficient, and cloud condensation nuclei (CCN) num-@aerosol particles on a global scale (Merikanto et al., 2009;
ber concentration, with consequences on visibility, radiativeYu et al., 2008). These newly formed particles can grow

effects, and air quality. Typical regional NPF events with into sizes in which they can act as potential cloud conden-
sation nuclei (CCN) and in this way influence the regional
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and global climate system indirectly (Kerminen et al., 2012; set. The characteristics are compared, and the influences of
Lohmann and Feichter, 2005). On the other hand, in enviNPF events on the direct (particle light scattering coefficient)
ronments such as the North China Plain (NCP) with a highand indirect (CCN number concentration) aerosol effects are
potential of secondary aerosol formation and a strong subsesvaluated.
quent condensational growth (Wiedensohler et al., 2009), the
particle light scattering coefficient can also be significantly
increased as shown in Shen et al. (2011). 2 Measurements
NPF events have been observed in a variety of atmospheric S
environments including the stratosphere (Lee et al., 2003)2-1 Sampling site
remote polar area (Park et al., 2004), high-altitude mountains ) ) ) i
(Venzac et al., 2008; Weber et al., 1997), inside boreal forestg—he urban sampling site PKU is located in the northwest of

(Dal Maso et al., 2005), coastal environments (O’Dowd etthe center. of Beijing, oquide the 4th Ring Roaq. Th? c.)b'
al., 2002), continental rural and suburban regions (Birmili servatory is set on the sixth floor of an academic building

et al., 2003; Petaja et al., 2007), as well as urban environ2n the campus of Peking University (39:99, 116.3T E;
ments (McMurry et al., 2005; Salma et al., 2011; Stanier et50m a.s.l). Two major roads W'_th heavy traffic to the east
al., 2004) and very polluted megacities such as Mexico Cityand south (_)f the site are respectively 20(,) m and 50(_) maway.
(Dunn et al., 2004), New Delhi (Ménkkénen et al., 2005) and The PKU site is assumed as representative of a typical urban

Beijing (Wu et al., 2007). Meanwhile, evidence also has re.Site of Beijing. For detailed descriptions of the measurement
’ ' ' site, we refer the reader to Wu et al. (2008).

vealed that ambient new particle formation might take place The SDZ site (40.65N. 117.28 E- 287 0 i
on a larger regional scale (Bae et al., 2010; Dal Maso et al., € ‘ site ( . ' ' ' ma.s.l) is one
of the regional stations of the Global Atmosphere Watch

2007; Hussein et al., 2009; Jung et al., 2013; Tunved et al. ; , . L .
2003). Kulmala et al. (2004) summarized the formation and(GAW) program in China. This station is located in the north-

growth properties based on over 100 field campaigns. ThE™ part Of. the North Chi.na P]aip, apout 120km northeast of
results showed that the typical particle growth rates in nu_the PKU site. The sampling site is situated on the south slope

cleation mode range from 1 to 20 nmhin mid-latitudes of the Yanshan Mountains, in the valley with a northeast—

whereas particle formation rates vary widely depending onSOUth,WeSt orientation. Th(_are are few chal anthropogemc
the air mass type of sampling site. However, most of theseoolluuon sources surrounding the SDZ site, which could re-

measurements were conducted in Europe and North Amerflzl)‘lac_t thg regllogglfbackglround s;}tuz;t::()); fqr the Nbortfh Cf:jma
ica or they were limited for a short time period; long-term " 'ain- Detailed information on the site can be found in

observations, especially carried out in developing countries,Shen etal. (2011).

were quite rare. .
: . . 2.2 Instrumentation
In China, long-term continuous measurements of particle

number size distributions have been performed in urban Beiy, yher size distributions of atmospheric particles in the size
jing (Peking University, EKU) since March 2094 (Wehner_ et range 3-900 nm at the PKU site and 3-850 nm at the SDZ
al., 2004) and at the regional background station Shangdianzje \yere hoth measured by a dual mobility particle size spec-

(SDZ) since March 2008 (Shen et al., 2011). High frequen-y o neter (TROPOS-type TDMPS: twin differential mobility
cies of NPF events were observed around the Beijing reg'onparticle sizer) (Birmili et al., 1999). The whole system con-

In addition, the NPF events also had been observed in a Masigys of two parallel Hauke-type differential mobility analyz-
rine area (Lin et al., 2007), high-elevation mountains (Guo

, ; - ~ers (DMAs) and two condensation particle counters (CPCs)
et al., 2012; Kivekas et al., 2009; Li et al., 2011), rural S'tes(model 3010 and model 3025, TSI Inc., St. Paul, MN, USA).
of Pearl River delta (Liu et al., 2008; Wang et al., 2013C), ¢ rejative humidity (RH) within the whole system was kept
suburban environments in Yangtze River delta region (Gag, o4 409 hoth in the inlet line and in the sheath air cycle
etal., 2009; Herrmann et al., 2013) and Lanzhou (Gao et al.y, gphain the number size distributions of dry particles. In ad-
2011), as well as urban Shanghai (Du et al., 2012). Thesgjtion the particle number size distributions were corrected
observations were however mdependgnt and only based Ofyr particle losses inside the mobility particle size spectrome-
short-term observations. No information on the Iong-termters and in the sampling configuration, following the method

measurements of NPF events on a regional scale has beefj \he “equivalent length” as described in Wiedensohler et
reported yet. al. (2012).
Regional NPF events had been observed in the Beijing

area based on the simultaneous long-term measurements of3  pata analysis

particle number size distributions both at PKU and SDZ sites

from March to November 2008. In this study, we are aiming 2.3.1 Classification scheme

to investigate the relationship of NPF events between pol-

luted urban and regional background environments. This isThe event classification criterion is based on the method de-
the first kind of study in China based on a long-term datascribed by Dal Maso et al. (2005). However, the nucleation
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events are only divided into two groups in this study. The cri- 2.3.3 Condensation sink (CS), condensable vapor

terion for discerning an intensive nucleation event day (Class concentration (C) and source rate (Q)

1) is the burst of new particles in the nucleation mode size

range of 3-25nm, and the burst should last several hourdhe condensation sink, which describes how rapidly vapor
with a clear growth pattern. On some days, the formationmolecules can condense onto the particles, is used to repre-
of new particles was observed without subsequent growthsent the pre-existing particles concentration (Kulmala et al.,
These cases are more likely the sudden burst of freshly nucle2001). The CS values can be directly obtained from the mea-
ated particles, which are grouped into Class II. Besides thesgured particle number size distributions, and expressed as
two kinds of NPF events, the sporadic occurrence of newly

formed particles in the nucleation mode size range was als&S= Z”DZﬁDPN' (4)
seen. However, the situation does not fulfill the criteria for

the event days. These days are represented as “undefined” Here, D is the diffusion coefficient of the condensing vapor,

‘B the transitional regime correction factdp, the particle
2.3.2 Particle formation rate (FR) and growth rate (GR) diameter andV the corresponding particle number concen-
tration. However, note that the CS values are achieved based
The lowest detecting particle size measured by the mobilityon the dry particle number size distributions in this study,
particle size spectrometer is 3 nm. Hence, apparent formatiodhich could not necessarily represent ambient wet condi-

rate (J3) can be expressed as tions well, especially during the humid summertime. Hence,
the presented CS values might be underestimated compared
J3 = dNnyc/dt + Feoag+ Fgrowth: (1)  with the real ones. The uncertainty caused by the typical ef-

fect of hygroscopic growth on CS is between 5% and 50 %

Here, Nnyc is the number concentration of nucleation mode as shown in previous research (Kulmala et al., 2001).

particles.Feoagand Fgrowth represent the loss of particles due 1o o ongensable vapor concentratidand its source rate

to coagulation and the flux of particles out of the specified 0 could be achieved based on the growth rate and the con-
size range, respectively. The second term in Eq. (1) can b@engation sink (Kulmala et al., 2001). The growth rate de-

calculated according to pends on the amounts of condensable vapors in the atmo-
Feoag= C0agS,cNnuc @) sphere. Hence, the vapor concentration could be obtained by

in which Coag%yc is the coagulation sink of nucleation
mode particles. In this study, we consider the reference sizé = Cor=1nmr2 X GR 5)

for the coagulation sink to be the geometric mean diameter . . :
of nucleation mode (8 nm). Coags is defined as Here, Cor_1nmn-1 IS the vapor concentration requwed for
growth rate of 1nmh'. A recent study (Nieminen et al.,

201 Eqg. (6) to get its value:
Coag$Dp)=/K(D’,Dp)n(D;))dD;). (3) 010) gave Eq. (6) to get its value
2pyd, TNty
Here, K (Dy,, Dp) is the coagulation coefficient of particles Cor=inmhrt = ymyAt \ 8T ©)
Withldi:\metedrstt_a\Td Dy a(I:cordin%to FL&CS; (19241. Thteh [ 2041  2x+1 (X1 (xo+ 1))}
newly formed particles rarely grow beyon nm before the natD xototD omtn/ |

end of formation, and the last term can be neglected (Dal
Maso et al., 2005). Here we assume the properties of the condensable vapors are

The observed particle growth rate is calculated based owimilar to gaseous sulfuric acid, which has been proven to
the “lognormal distribution function method” described by be the key component in the nucleation process (Berndt et
Kulmala et al. (2012). Typical particle number size distri- al., 2005; Chen et al., 2012; Sipila et al., 2010; Zhang et al.,
butions are fitted by a least-square lognormal fitting method2012). The massi{,) and density £,) of hydrated sulfuric
yielding parameters of 2-3 lognormal modes. Thus, the temacid vapor molecule utilized in this study are 135 amu and
poral variation of mean geometric diameters could be 0b-1650 kg nT3, respectively (Wang et al., 2013b).

tained, and the particle growth rate can be estimated<GR  With a pseudo-steady-state assumption, the vapor source

dDp/dr, given in nmhrt). rate can be estimated as
Moreover, we should keep in mind that the determinations
of start and end times of nucleation events in Class Il typeQ =CS- C, ©)

are difficult, which might cause huge uncertainty when cal-

culating the particle formation and growth rates. Therefore Where Q is the condensable vapor source rate in units of
in this study we only focus on the nucleation events in Classcm ®s™.

| type, which show both the clear nucleation and growth di-

urnal patterns.

www.atmos-chem-phys.net/13/12495/2013/ Atmos. Chem. Phys., 13, 1242506 2013



12498 Z. B. Wang et al.: Characteristics of regional new particle formation

Table 1. Classification statistics of events at PKU and SIDZ%): N is the number of each class, and the value in parentheses indicates the
percentage accounting for the days with valid data.

Site Class | Class 1l Non-event Undefined Valid Bad/missing
PKU 67(26%) 29(12%) 80(32%) 77(30%) 253 22
SDZ 69(31%) 18(8%) 87(39%) 49(22%) 223 52

3 Results and discussions

PKU: [l Class | [l Class 11

3.1 Occurrence of new particle formation event

60 SDZ: {7772 Class 1 ZZZZ) Class 11 -
The investigation time period is from March to November
2008, during which the simultaneous measurements of par- £ *'7 é i
ticle number size distributions were performed at both sites. ] Z
The numbers of days with valid data were 253 at PKU and
223 at SDZ, respectively, accounting for 92% and 81 % of 20 ’
the total 275 investigated days (Table 1). For the other days,
data were either completely missing or had a poor quality.
The frequencies of NPF events were 38 % and 39 % in clas- Nl 70 7] |7 A 7
sified days at urban and regional sites, respectively. These Mar Apr May Jun Jul Aug Sep Oct Nov
frequencies are consistent with those observed in Beijing be- Month
tvv_een March 20,04 and February 2005 (Wu etal., 2007). On'?:ig. 1. The frequencies of NPF events versus month at two sites
third of nucleation events at PKU were the Class Il type,during the whole measurement period.
which was higher than that at SDZ (21 %). This might be
due to the influences of local emissions such as traffic near

the urban site. For several days.with thg NPF event showrhe gwed to the heavy pollution episodes with poor disper-
at PKU, we only observed a similar particle growth pattern sjon of pollutants that always take place in urban Beijing in
at SDZ. However, aerosol particles in the size range of 3—+pjs season (Wu et al., 2008). On the contrary, there are fewer

10nm were not observed. This feature seems like influenceghre-existing particles at the SDZ site, which favors producing
by the regional transportation between these two sites. Ifyore events.

total, 52 NPF events were observed simultaneously at both
places based on 207 valid days with simultaneous measurez.2 Nucleation event characterization
ments, suggesting the new particle formation is a regional
phenomenon over the North China Plain. Individual and mean formation rates of aerosol particles
Similar “U-shaped” seasonal variation patterns of NPFgreater than 3nm are shown in Fig. 2a. They varied in the
event occurrence were observed at both sites, as shown irange from 2.2cm®s 1 to 34.5cn3s~1 at PKU, and from
Fig. 1. The number of events was highest in the spring0.4 to 24.5cm?®s1 at SDZ. In addition, the mean value was
months (March—May), with 43 cases, occurring at both PKU10.8 cnm3s~1 at PKU, which was a factor of two higher than
and SDZ, respectively, accounting for 45 % and 49 % of thethat at SDZ (4.9 cm3s™1). The formation rates at both sites
total number of observed NPF events. That more events were/ere significantly higher than the observations in clean envi-
observed in spring may due to a higher frequency of strongonments such as 0.8 cris™1 in Hyytiéla (Dal Maso et al.,
wind from northern China, which favors removing the pre- 2005) and 1cm®s~1 in Hohenpeissenberg (Birmili et al.,
existing particles in the atmosphere and further leads to th&003). However, the values at PKU are also much higher than
occurrence of NPF events (Wu et al., 2008). During summer-observed at other urban sites such as Helsinki (22%snt;
time, high temperatures and RHs are not favorable for NPFHussein et al., 2008) and Budapest (4.2¢és 1; Salma et
events. Slowly moving air masses from regions south of Bei-al., 2011), as well as in similar magnitude with study in New
jing, which dominates during summertime, contain signifi- Delhi (3.3-13.9 cm®s~1; Ménkkénen et al., 2005) and St.
cantly more accumulation mode particles, resulting in pol-Louis (174 20 cnm3s~1; Qian et al., 2007). The highest for-
lution episodes (Wang et al., 2013a; Wehner et al., 2008)mation rates were shown at both sites in spring (Fig. 2b),
Hence, only few events (22 at PKU and 10 at SDZ) werewhich can be explained by the favorable meteorological con-
observed during this time period. More NPF events were ob-ditions such as low temperature and humidity as well as
served in autumn at SDZ (43 cases) compared with at PKUstrong north wind, bringing the clean air mass in this season,
(31 cases), especially in October and November. This mights detailed in Wu et al. (2008, 2007) and Shen et al. (2011).

NPF Frequency [%)]
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Fig. 3. Diurnal variations of condensation sink (CS) in the NPF
event (red) and non-event (blue) at PKU (solid line) and SDZ (dash

Fig. 2. The variations of particle formation rates (FR, b) and line)

growth rate (GRg, d) at PKU (red) and SDZ (black) during the
measurement period. The bars(b) and(d) indicate the standard

deviation. - .
processes to prevent the newly formed particles from being

captured by more pre-existing accumulation mode particles

Growth rates ranged from 2.5 nmhto 15.3nmh! with a in a polluted urban environment. As a result, the source rate
mean and standard deviation of %:2.2nm ! atthe PKU  of condensable vapor was on average 1.8 times higher at ur-
site, which was slightly higher than the values at SDZ (1.0-ban PKU compared to the SDZ. Overall, unlike the obser-
9.7nmht, 4.0+ 1.7nmht). They essentially fit into the vations in cleaner environments, the background conditions
range of typical particle growth rate of 1-20 nmth(Kul- of NPF events in the North China Plain could be character-
mala et al., 2004). Contrary to the particle formation rate,ized as the greater source strength for condensable vapors
the highest growth rate is observed in summertime, when thend higher CS of pre-existing particles, even in the regional
enhancement of photochemical and biological activities con-background.
tributed to the particle growth. This is consistent with a pre-
vious study (Wu et al., 2007). 3.3 Influences on the light scattering and CCN

More CS of pre-existing aerosol particles was found as production
expected in the urban environment (see Fig. 3). The mean
CS values on NPF event days were 0.827.021s ! and Particle light scattering could be distinctly increased as a re-
0.020+0.020s! at PKU and SDZ, respectively. These sult of condensational growth following a NPF event (Shen
values were significantly lower than those during non- et al., 2011). Due to the lack of direct measurements of par-
event days (0.04Z0.024s ! and 0.026+0.018s1). Dur- ticle light scattering coefficientsp), its values were recon-
ing NPF event days, the CS values were 5-10 times highestructed based on the measured number size distributions of
than those observed in European cities such as Marseilldry particles employing a Mie model (Bohren and Huffman,
(0.003-0.0153), Athens (0.006-0.0139) or Helsinki ~ 1998). The size-segregated particle scattering distributions
(0.006 s'1). The highest value was however comparable withwere simulated according to Cheng et al. (2008). The refrac-
the polluted city New Delhi (0.050—-0.070% (Hussein et tive index used in the Mie code was 1.55-0,06hich was
al., 2008; Kulmala et al., 2005). It is remarkable that the derived from the ambient measurement at another regional
mean CS value of 0.0258% before the nucleation events site (Yufa), south Beijing (Cheng et al., 2009). Note that the
started (08:00-11:00) at the PKU site was close to the CS ofimulated particle light scattering coefficient represents the
0.024 s at SDZ during non-event days. This result implied submicrometer aerosol, because the coarse particles (> 1 pm)
that more precursors are needed for the new particle formawere not included in the calculations. They could contribute
tion event to be observed in a polluted urban environment. around 10 % to the total particle scattering coefficient (Cheng

Table 2 lists the statistical results of the condensationet al., 2008). Considering that the particle scattering could be
sink, condensable vapor concentration and its source ratalso affected by other parameters such as particle chemical
The seasonal variations of vapor concentration and its sourceompositions and mixing state (Cheng et al., 2006), most of
rate showed that the highest values during summer monthsvhich are quite different in diverse environments, the quan-
This result is consistent with the previous study by Wu ettity of the differences will hence not be evaluated further in
al. (2007). The vapor concentration at PKU (.20’ cm3) this study.
was 1.3 times higher than that at SDZ (%10’ cm~3) dur- In terms of the influence of NPF on the number concen-
ing the whole measurement period. It is easy to understandration of potential CCN, most field observations (Kuang et
that more vapors should be involved in the particle growthal., 2009; Kuwata et al., 2008; Wiedensohler et al., 2009)

www.atmos-chem-phys.net/13/12495/2013/ Atmos. Chem. Phys., 13, 1242506 2013
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Table 2. Statistics of condensable vapor concentrati@y condensation sink (CS) and source ra® uring the NPF event over the three
seasons and whole measurement period. CS is the median value during the time frame for determination of GR.

#Event | CS(x1072s7l) | C(x100em™3) | 0 (x10Pcm 3s7Y
PKU/SDZ |  PKU SDZ | PKU SDZ|  PKU sbz
Spring 29/26 26+14 24421 | 87+29 7.7428]22+04 18+0.6
Summer 18/10 22410 09+08 | 11.6+57 7.9+38 | 25+0.6 0.7+0.3
Autumn 20/33 17412 09+06| 81422 6.4+3.1| 14403 0.6+02

Average in total  67/69 22+13 14+16| 93+40 7.1+3.2| 21+05 1.2£05

demonstrated that a large fraction of newly formed particlesbution of anthropogenic emissions in polluted urban environ-
could grow in the size range of CCN within the same day.ments. Note the regional transportation between these two
However, quantitative determination of CCN number con- sites was not evaluated in quantity in this study, which might
centration is not possible without direct measurements or dealso cause uncertainties.
tailed information on the volume fractions of chemical com-  Figure 4 reveals an example of simultaneous NPF events
positions. Since such data are not available during the invesebserved both at PKU and SDZ on 26 September 2008. New
tigated period, we have to rely on some surrogate measurgsarticles were nucleated around 09:00 in the morning fol-
for the CCN number concentration. The idea to estimate thdowed by a significant growth to larger particles 70 nm)
production of potential CCN is based on the assumption thatndicated by the “banana-shaped” temporal developments of
particles larger than a certain particle size could serve ashe particle number size distributions (Fig. 4a and b). The
CCN (Kerminen et al., 2012; Laaksonen et al., 2005; Li- number concentrations of the nucleation modg_(>5) as
havainen et al., 2003). Three quantities — GENCCNgg well as all particles ¥3_gog) were shown in Fig. 4c and d.
and CCNgp, namely the number concentrations of particles At the PKU site, the maximum aW3_25 and N3_ggo Were
larger than 45 nm, 90 nm and 200 nm in dry diameter, respec52 300 cnt® and 60 300 cm?, respectively. On the contrary,
tively — are selected to represent the “potential” CCN num-the total particle number concentration was dominated by the
ber concentrations. This selection can be considered justifiecqucleation mode (up to 93 %) at the beginning of the nucle-
because the field observations during the HaChi (Haze iration event at SDZ (also see a much smaller accumulation
China) summer campaign in the North China Plain (Wugingmode at SDZ compared to PKU in Fig. 5a and b). The mean
site) showed activation diameters of 200 nm, 170 nm, 90 nmgondensation sink before nucleation events started (08:00—
70nm and 45nm at super saturations of 0.058 %, 0.085 %11:00) was 0.007 8" at PKU, which was almost one order of
0.18 %, 0.36 % and 0.72 %, respectively (Deng et al., 2011).magnitude higher than that at SDZ (0.004s However, the

It also should be clarified that we potentially produce mis- particle formation and growth rates were 9.8¢ts 1 and
understandings on estimating the contributions of NPF to4.5nmhr! at PKU, as well as 4.3cnts ! and 3.7nmh?
CCN number concentration. Potential CCN in the ambientat SDZ, respectively, indicating that more condensable vapor
atmosphere could be formed in the following three ways: (1)contributed to the particle nucleation and growth processes
primary particles able to act as CCN directly, (2) CCN re- in polluted urban Beijing.
sulting from NPF and subsequent growth, and (3) primary The estimated particle light scattering coefficients
particles that cannot originally act as CCN but become CCN(550 nm) and particle mass concentrations are presented in
after aging (growth and addition of hygroscopic material). Fig. 4e and f. The particle mass concentrations were calcu-
It is thus extremely difficult to distinguish the contributions lated from particle number size distributions assuming spher-
of diverse sources to the enhancement of the CCN numbeical particles and a density of 1.6 g cf) which was derived
concentration. Particularly, we assumed that all due to NPFrom a previous study in Beijing (Hu et al., 2012). Obviously,
in fact, might also be contributed by the third way (primary strong correlationsk2 = 0.99) were observed between par-
emission or the following aging process), especially in a pol-ticle scattering coefficients and particle mass concentrations
luted urban environment with the intensive primary emis- at both sites. At the PKU site, the particle light scattering co-
sions by anthropogenic activity. Nevertheless, these effectgfficients and mass concentrations showed a significant in-
could be less important at the regional site SDZ. Hence, increase from 15:00 to 23:00, with average growth rates of
this section, we only pay attention to the regional NPF eventsl3.9 Mnm1h~1 and 4.5ugm3h~1, respectively. At SDZ,
observed concurrently at both sites (total 34 events in Clasghese two parameters exhibited as well a continuous increase
| type). The potential contributions of regional NPF events until midnight. The growth rates were 7.8 Mrhh~! and
to the enhancement of the number concentration of potend.7 ug n3h~1, respectively.
tial CCN are firstly calculated for the regional and urban In order to demonstrate the influence of the nucleation
sites. The difference can be mainly estimated as the contrievents, we also calculated the size-segregated light scattering
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distributions at both sites (Fig. 5¢ and d). In theory, the atively large accumulation mode particles (>100nm). As
light scattering of a 100 nm particle at wavelength of 550 nmshown in Figs. 5a and 6b, one can clearly see the contin-
is approximately two orders and three orders of magnitudeuous growth in particle size at both sites from original nu-
smaller than those of 200 and 500 nm, respectively. Thiscleation mode £ 10 nm) in the late morning (10:00, local
means in general the light scattering is dominated by rel-time) through the Aitken and accumulation modes before the
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Table 3. Statistics of three quantities (CGE CCNgg and CCNq) at two sites and the potential contributions of anthropogenic emissions.

PKU_average \ SDZ_average \ Anthropogenic emissions (%)
Increase number Increase factpincrease number Increase factoMin ~ Max Average
(x 103cm™3) (x 103cm™3)
CCNys 13.0£4.7 5.6£3.5 7.7+£6.1 8.7+7.6 13 91 59+ 23
CCNgg 57+2.6 6.0+ 3.9 3.4+3.1 7.0£6.5 20 95 63+ 24
CCNyoo 1.2+0.7 5.6£3.7 0.8+0.7 6.5+ 6.3 10 94 62+ 25

clear drop-down of boundary layer height (e.g., 16:00LT). ban environments, these three quantities increased by factors
Because of that, the scattering coefficient due to the particlef 24.3, 13.6 and 10.5 at SDZ. The higher CCN enhance-
nucleation and subsequent condensable growth kept increagient factors at SDZ might be due to the lower pre-existing
ing (Fig. 5¢c and d). Nevertheless, the contribution by ultra- particles at the initial time. However, in absolute terms, the
fine particles Pp < 100 nm) to total particle light scattering increasing CCly, CCNgg and CCNgg were 4900 cm?,
was still negligible (<1 %). In addition, the condensational 2600 cnT2 and 370 crm® higher at the urban site compared
growth for particles larger than 100 nm became very slow into the regional site, respectively, implying that the potential
terms of diameter changes (Cheng et al., 2012). Howevergontributions of anthropogenic emissions to CCN number
the large number of grown particles might, through the sub-concentrations were 37 %, 54 % and 50 % in this case.
sequent coagulation process, grow in a larger size range (Se- On average, the regional nucleation and the following sec-
infeld and Pandis, 2006), where they could contribute moreondary aerosol formation resulted in the enhancements of
efficiently to the particle light scattering as well as particle CCN number concentrations (CG#l CCNgg and CCNgp)
mass concentration. For example, at 16:00LT, a significanwith factors of 5.6, 6.0 and 5.6 at PKU, respectively, and
increase in scattering size distribution within nearly the full 8.7, 7.0 and 6.5 at SDZ (see Table 3). This result indicated
size range from about 40 to 900 nm can be observed at botkiery clearly that atmospheric new particle formation is an
sites, especially at SDZ. extremely important source of new “potential” CCN over the
The variations of CCN number concentrations are dis-North China Plain. Moreover, the potential contribution by
played in Fig. 4g and h. CC)Y showed a simultaneous in- the anthropogenic emissions to CCN number concentration
crease with the nucleation mode patrticles at both sites. Howshould be concerned at the urban site, with average fraction
ever, the enhancements in Cgghand CCNgo were several  in the range of 59-63 %.
hours later. To quantify the enhancements of three parame-
ters (CCNis, CCNgg and CCNgp), we first determined time
11 andt; when these parameters reached the minimum andy conclusions
maximum, respectively, during the time frame for the deter-
mination of particle growth rate. The increase was then de-To investigate the characteristics of regional new particle for-
noted from the differences between their minimum and maX-mation events in the North China P|ain, simultaneous mea-
imum, which were calculated by averaging ovet=0.5h  syrements of particle number size distributions had been car-
andr, +0.5h to decrease the uncertainties. Although thesgied out at urban site PKU and regional site SDZ from March
estimated values might not represent the real conditions, wgo November in 2008. Both stations have been equipped with
could still see the influences of new particle formation anda dual mobility particle size spectrometer, type TROPOS-
subsequent condensational growth on potential CCN producTpMPS.
tions. In total, the frequencies of nucleation event were 38 % and
The lowest CCls, CCNgo and CCNgo Were 2200¢m®, 3994 at urban and regional background sites, respectively,
700cnT3 and 160 cm® during the event, respectively, and with 52 regional NPF events at both places during the whole
gradually rose to the maximum values of 15600¢m  measurement period. The seasonal variations of NPF event
5600 cnt® and 900 cm® for PKU. By the end of the day, occurrence were similar at both sites with more events in
the enhancement factors at high and median supersaturatiogpring and the lowest number during the summertime.
(0.72% and 0.18 %) were higher than at low supersaturation Apparent particle formation rates were in the range of
(0.058 %), with the values of 7.0, 7.8 and 5.5, respectively.2 2-34.5 cm3s~1 at PKU, which were higher than those at
The high simulated CCN number concentrations were com-Spz site (0.4-24.5 ce s1). The mean growth rates were
parable with the observations at Yufa, during the CAREBei-5 2 nmh! and 4.0nmh? at PKU and SDZ, respectively.
jing 2006 campaign (Gunthe et al., 2011; Wiedensohler et al.Before the nucleation event started (08:00—11:00), more pre-
2009), suggesting the particle nucleation is important for theexisting particles were observed in a polluted urban envi-
formation of CCN in the megacity Beijing. Contrary to ur- ronment than that at the regional site. The mean values of
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condensation sink were 0.025sat PKU and 0.0163!
at SDZ, respectively, which were both significantly higher

12503

Bohren, C. F. and Huffman, D. R.: Absorption and scattering of

light by small particles, John Wiley and Sons, Wiley-Intersci,

than the measurements in European cities. Overall, the back- New York, 544,1998. _
ground conditions of the NPF event in the North China Plain€hen, M., Titcombe, M., Jiang, J., Jen, C., Kuang, C., Fischer, M.

could be characterized as the higher precursor vapor concen-

tration and pre-existing particles, even in the regional back-
ground environment.
The secondary aerosol formation following NPF results in

an increase in the particle mass concentration and scattegheng, v. F., Eichler, H., Wiedensohler, A., Heintzenberg, J

ing coefficient, as well as CCN production. Three quantities
— CCNy5, CCNgp and CCNgg — were selected to estimate
the “potential” CCN number concentrations. On the average
of 34 selected cases with significant growth pattern, G{N
CCNgg and CCNgg number concentrations were enhanced
by factors of 5.6, 6.0 and 5.6 at PKU, respectively, and 8.7,

L., Eisele, F. L., Siepmann, J. I., Hanson, D. R., Zhao, J., and Mc-
Murry, P. H.: Acid-base chemical reaction model for nucleation
rates in the polluted atmospheric boundary layer, P. Natl. Acad.
Sci. USA, 109, 18713-18718, db0.1073/pnas.1210285109
2012.

Zhang, Y. H., Hu, M., Herrmann, H., Zeng, L. M., Liu, S.,
Gnauk, T., Briiggemann, E., and He, L. Y.: Mixing state of el-
emental carbon and non-light-absorbing aerosol components de-
rived from in situ particle optical properties at Xinken in Pearl
River Delta of China, J. Geophys. Res.-Atmos., 111, D20204,
doi:10.1029/2005JD006922006.

7.0 and 6.5 at SDZ. In addition, more than half (59-63 %) of Cheng. Y. F., Wiedensohler, A., Eichler, H., Su, H., Gnauk,

the contribution to the CCN productions could be owed to the
anthropogenic emissions in the polluted urban environment,
which should be paid more attention to in regional and global

T., Briggemann, E., Herrmann, H., Heintzenberg, J., Slan-
ina, J., Tuch, T., Hu, M., and Zhang, Y. H.: Aerosol opti-

cal properties and related chemical apportionment at Xinken in
Pearl River Delta of China, Atmos. Environ., 42, 6351-6372,

climate models. Meanwhile, the simultaneous measurements (i-10.1016/j.atmosenv.2008.02.02008.
of particle and CCN number size distributions, as well as thecheng, Y. F., Berghof, M., Garland, R. M., Wiedensohler, A.,
chemical components of fine particles, are needed in the fur- Wehner, B., Muller, T., Su, H., Zhang, Y. H., Achtert, P., Nowak,

ther studies.
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