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ABSTRACT

In order to characterise the features of particle pollution in the Pearl River Delta (PRD) region, a 1-month

intensive campaign was conducted at the rural supersite (Kaiping) in the autumn of 2008. In total, 12 new

particle formation (NPF) events are identified out of 30 campaign days. The results show that in the case of

higher source and sink values, the result of the competition between source and sink is more likely the key

limiting factor to determine the observation of NPF events at Kaiping. One episode with consecutive NPF

events in the presence of strong biomass burning plume was observed between 10 and 15 November. The

elevation of particle volume concentration (6.1 mm3/cm3/day) is due to the coaction by the local biomass

burning and secondary transformation. Organics and sulphates are the major components in PM1, accounting

for 42 and 35% of the mass concentration, respectively. In this study, a rough estimation is applied to quantify

the contributions of diverse sources to the particle number concentration. On average, the primary emission

and secondary formation provide 28 and 72% of particle number concentration and 21 and 79% of mass

concentration, respectively.
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1. Introduction

Particulate matter (PM), especially fine particles, is of

interest because of its effects on human health and climate

change (Poschl, 2005). The smaller the particles, with

higher number concentration and surface area per unit

mass, the more easily absorbed are the toxic air pollutants

(Sioutas et al., 2005). Moreover, ambient particles directly

affect the global climate system by scattering and absorp-

tion of solar radiation (Stier et al., 2007), and by indirectly

acting as cloud condensation nuclei (CCN) and ice nuclei

(IN) (Lohmann and Feichter, 2005). However, all these

effects depend both on the particle size distribution and

chemical composition, which can not only affect the

lifetime and optical properties but also provide information

on the source and transformation mechanisms in the

atmosphere (Kannosto et al., 2008).

The Pearl River Delta (PRD) area is one of the biggest

city clusters in China. The rapid economic development and

urbanisation are accompanied by serious air pollution

problems, from an urban to a regional scale. Several field

campaigns were conducted in the last decade, and the results

indicated the feature of complex air pollution, of which fine

particles and ozone are the major focus. The annual average

PM2.5 mass concentration was 71 mg/m3 during 2002�2003
at urban Guangzhou (Hagler et al., 2006), which is double

that of the new China National Air Quality Standards of a

PM2.5 annual average of 35 mg/m3. The average PM1 con-

centrations were 31 and 33 mg/m3 at the two downwind

rural sites, Back Garden (2006) and Kaiping (2008), respec-

tively, in which the dominant components were organic

matters and sulphates (Huang et al., 2011; Xiao et al., 2011).
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This implied that the submicron particles were mainly

formed through the secondary transformation process. In

addition, the local biomass burning also contributed to the

decline in the air quality in the PRD region (Andreae et al.,

2008; Huang et al., 2010; Yuan et al., 2010). However, most

of these studies mainly focused on the particle mass

concentration and chemical composition in fine particles.

Only a few research findings on the particle number size

distribution and new particle formation (NPF) have been

reported (Liu et al., 2008; Gong et al., 2010; Yue et al.,

2010).

To get a better understanding on the properties of

fine particle pollution in the PRD, aerosol physical and

chemical parameters were measured during the intensive

campaign in autumn 2008. One episode with continuous

nucleation events in the presence of intensive biomass

burning is discussed in this investigation. The variations of

primary and secondary pollutants are quantified, and the

contribution of the local biomass burning to the particle

number concentration is estimated.

2. Experimental methods

2.1. Site description

The parallel intensive field observations were conducted

from 10 October to 18 November in 2008 at two sites: an

urban site in Guangzhou city (23.138N, 113.268E) and a

rural site at Kaiping (22.328N, 112.538E) which is 120 km

away from Guangzhou to the southwest. Under the

influence of the Asian monsoon, the dominant air mass

comes to PRD from the northeast in fall. Hence, the

Kaiping site could be assumed to be a downwind receptor

site. Most of the high time-resolution on-line instruments

were placed on the third floor of the building at the

Kaiping supersite (about 10 m above the ground level),

which is surrounded by shrubs and eucalyptus forest.

A detailed geographic description of the measurement site

is presented in Huang et al. (2011).

2.2. Instrumentation

A Scanning Mobility Particle Sizer (SMPS; TSI model

3936) system was used to measure the dry particle number

size distribution in the size range 15�700 nm (mobility

diameter). The whole system contains one Differential

Mobility Analyser (DMA; TSI model 3085) and one

Condensation Particle Counter (CPC; TSI model 3772).

The flow rate was 0.3 L/min for the sample air and 3.0 L/

min for the sheath air. Flow rate was checked once a day

with a bubble flowmeter. The relative humidity in the whole

system was kept below 40%. The size-dependent diffusion

losses in connecting tubes were calculated as described in a

previous publication (Lin et al., 2007). The time resolution

was 5min per scan for the system.

The gaseous sulphuric acid concentration was measured

using an Atmospheric Pressure Ion Drift-Chemical Ionisa-

tion Mass Spectrometry (AP-ID-CIMS), which was devel-

oped by Texas A & M University (TAMU). The original

time resolution was 12 s, and the data were averaged to

5min to reduce statistical error and to be consistent with

the particle number size distribution. Detailed information

of the instrument and measurement was introduced by

Zheng et al. (2011).

The chemical components in fine particles were carried

out using an Aerodyne High-Resolution Time-of-Flight

Aerosol Mass Spectrometer (HR-ToFAMS) at the Kaiping

site. Detailed instrumental and parameter descriptions of

HR-ToFAMS can be found in Huang et al. (2011). The

black carbon (BC) was measured by a Multi-Angle

Absorption Photometer (MAAP; Thermo Model 5012).

Both HR-TofAMS and MAAP results were used to make

up mass concentration of PM1.

3. Results and discussion

3.1. General overview

Figure 1a exhibits the temporal variations of particle

number size distributions during the whole measurement

periods. The measured ambient particle number size

distributions are fitted and parameterised by a multiple

log-normal distribution function (Seinfeld and Pandis,

1998):

dN

d logDp
¼ Niffiffiffiffiffiffi

2p
p

log r
exp �

logDp� logDpi

� �2

2 log rð Þ2

" #
(1)

Here Ni and Dpi are the total number concentration and

geometric mean diameter (GMD) of mode i, respectively,

while s is the geometric mean standard deviation of the

distribution. Three modes are identified corresponding to

the nucleation mode (15�25 nm), Aitken mode (25�100
nm) and accumulation mode (100�700 nm). On average,

GMD of the three modes are 20 nm, 78 nm and 211 nm

during the whole campaign period. The higher GMD in

each mode is observed at Kaiping rural site compared with

the previous study in Guangzhou (Yue et al., 2010), which

might relate to the ageing process during the transport.

During the measurement period, the total particle number

concentration (15�700 nm) was 11 00096500 cm�3, which

was lower than the observations in the size range 20 nm�10
mm at Guangzhou (29 000911 000 cm�3) and Backgarden

(17 00098 000 cm�3) in 2006 (Yue et al., 2010). The mean

particle number concentrations in the three modes are

100092100 cm�3, 580094700 cm�3, 420092400 cm�3.
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The number concentration of Aitken mode particles

is lower than the study in Beijing, 15 900 cm�3 (Wu

et al., 2008), and Shanghai, 8200 cm�3 (Du et al., 2012),

which may be due to the influence of intensive local traffic

emissions in urban environments.

The criterion for discerning NPF events is the bursting of

the nucleation mode particle concentration (Birmili and

Wiedensohler, 2000). In total, 12 NPF events are identified

out of 30 measurement days from 18 October (day 292) to

16 November (day 321). The frequency of the NPF event is

40%, which is higher than that in our previous study (26%)

at a rural site Xinken of the PRD (Liu et al., 2008). It is

evidenced that both the N15�25 and H2SO4 concentrations

have strong diurnal variations on NPF days (grey back-

ground, see Fig. 1b). The nucleation mode particles are

formed clearly around 10:00 AM, followed by subsequent

growth until midnight.

Table 1 lists the various parameters on NPF event days

and non-event days before the nucleation events start

(9:00�12:00 AM). The mean temperature (T) and relative

humidity (RH) are 238C and 55%, respectively, on NPF

event days, which are lower than that on non-event days

(278C and 67%). This result is consistent with the theory

that lower RH is favourable to the enhancement of

atmospheric nucleation (Hamed et al., 2011). In addition,

the mean wind speed (WS) is 2.7 m s�1 on NPF event days,

about 1.4 times higher than that on non-event days

(1.9 m s�1), which is favourable to the dilution of the

pollutants.

The mean sulphuric acid concentration (during 9:00�
12:00 AM) is 1.3�107 cm�3, which is higher than that

on non-event days (0.9�107 cm�3). The condensation sink

(CS) describes how rapidly vapour molecules condense

onto the particles, which could be used to represent

pre-existing particle concentration (Kulmala et al., 2001).

Its value could be calculated using eq. (2):

CS ¼ 2pD
X

bDpN (2)

where D is the diffusion coefficient of the condensing

vapour, b is the transitional regime correction factor, Dp is

the aerosol particle diameter and N is its number concen-

tration. However, it should be noted that in this study, the

CS values are achieved based on the dry particle number

size distributions, which may underestimate the real CS

values in ambient humidity (Kulmala et al., 2001). The

mean CS on NPF event days (0.025 s�1) is typically lower

than that on non-event days (0.030 s�1). The CS value

on NPF event days is 5�10 times higher than other

observations at rural sites (see Table 2), even the urban

environments like Marseille (0.003�0.015 s�1) and

Athens (0.006�0.013 s�1), but lower than that in the

Table 1. Comparisons of various parameters between NPF event days and non-event days (during 9:00�12:00)

No. T (8C) RH (%) WS (m s�1) H2SO4 (10
7 cm�3) CS (10�2 s�1) H2SO4/CS (108 cm�3 �s)

NPF event 13 2393.9 55912 2.791.4 1.390.4 2.591.1 6.292.7

Non-event 17 2793.0 6798.3 1.991.4 0.990.5 3.091.2 3.792.4

Fig. 1. Time series for (a) particle number size distributions and (b) sulphuric acid (H2SO4, blue empty dot), condensation sink

(CS, green line with empty dot) and 15�25 nm particle number concentrations (N15�25, red line) for the measurement period. The new

particle formation event days are presented on a grey background. The x-axis is presented by DOY (day of year), 1 January is defined

as day 1.
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polluted regions such as New Delhi, 0.005�0.007 s�1

(Kulmala et al., 2005).

The mean SO2 concentration is 8.698.3 ppb during the

whole campaign period, which is 3�10 times higher than

the observations in Europe and America (Mikkonen et al.,

2011), indicating that more sulphuric acid should be

produced. However, the median value of ambient sulphuric

acid concentration is 1.3�106 cm�3, which is comparable

with other field observations. The explanation for this fact

is the higher CS at the Kaiping site. The higher number

concentration of newly formed particles is observed when

the ratio of sulphuric acid concentration to CS is larger, as

shown in Fig. 2. The mean ratios before the nucleation

events start are 6.2 and 3.7 cm�3 �s on NPF event days and

non-event days, respectively. The NPF event is the product

of the competition between source and sink (here expressed

as sulphuric acid concentration and CS). Hence, in the case

of higher primary emission (SO2), the result of the

competition between source and sink is more likely the

key limiting factor to determine the observation of NPF

events in Kaiping, which is consistent with the study in the

polluted urban environment of Beijing (Wang et al., 2011).

In addition, we should notice that during the continuous

NPF events episode (10�16 November), the maximum

H2SO4 concentration is observed on 15 November, with the

peak value of 2.7�107 cm�3. On the contrary, the lower

strength of NPF occurred with the maximum N15�25 value

of 3300 cm�3. This is because the mean CS (during 9:00�
12:00) is 0.036 s�1 on 15 November which is higher than

that (0.025 s�1) on the previous 5 d, implying that the

strength of NPF event is controlled by the pre-existing

particles in the rural site of Kaiping.

The nearly linear increase in the particle mean diameter is

observed, and the growth rates vary from 3.2 nm/h to 13.5

nm/h for 12 NPF events, which is in the typical range (1�20
nm/h) as summarised by the review article (Kulmala et al.,

2004). The mean growth rate is 7.4 nm/h, which is slightly

higher than that in Mexico City, 0.5�9 nm/h (Dunn et al.,

2004), and lower than that in New Delhi, 11.6�18.1 nm/h

(Monkkonen et al., 2005). The newly formed particles

would be scavenged by coagulation onto the pre-existing

particles before reaching the detectable size range, so they

have to grow faster especially in a polluted area. Therefore,

the higher grow rate is expected at the Kaiping site. In

addition, it is worth noting that the increase of N15�25 is

preceded by an increase in sulphuric acid concentration.

The average time delay, indicating the time it takes for the

clusters to grow from the nucleation size (�1.5 nm) to the

detectable size (15 nm in this study), is approximately

1.690.5 h over all the 12 NPF events. This time delay is

also found in other studies (Sihto et al., 2006; Riipinen et al.,

2007; Kuang et al., 2008).

3.2. NPF in the biomass burning plume episode

The characteristics of submicron aerosols and volatile

organic compounds (VOCs) in the same campaign have

been analysed and reported previously (Yuan et al., 2010;

Huang et al., 2011). HR-ToFAMS results show that

the measured PM1 concentration is 33918 mg/m3 during

Table 2. Comparisons of the condensation sink values with other studies at rural sites on NPF event days

Site Sampling period No. of events CS (�10�2 s�1) Ref.

Kaiping Oct. 18�Nov. 16, 2008 12 0.3�8.6 This study

Hyytiälä Winters 1997�2001 34 0.02�0.7 Kulmala et al. (2005)

Po Valley 2002�2005 136 0.9�1.96 Hamed et al. (2007)

K-puszta May 22�June 29, 2006 26 0.06�1.4 Yli-Juuti et al. (2009)

Melpitz July, 2003�June, 2005 158 0.7 (mean) Jaatinen et al. (2009)

Botsalano July 20, 2006�Feb. 5, 2008 988 0.4 (mean) Vakkari et al. (2011)

Fig. 2. The relationship between the number concentration of

15�25 nm particles and the ratio of sulphuric acid concentration to

condensation sink. The data are from 09:00 to 12:00. NPF event

days (red), Non-event days (blue).
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the campaign period. Organic matter and sulphates are the

major components in submicron aerosols, accounting for

33.8 and 33.7%, respectively. In addition, three kinds of

organic components, including one biomass burning

(BBOA) and two oxygenated organic aerosols (SV-OOA

and LV-OOA), had been identified using the Positive

Matrix Factorisation (PMF) model, which on average

accounts for 24, 40 and 36% of the total organic mass,

respectively. High BBOA concentration (9.1 mg/m3) was

observed after 12 November, indicating the intensive

biomass burning. Moreover, the results obtained from the

Proton Transfer Reaction-Mass Spectrometer (PTR-MS)

reveal that biomass burning contributes 19.6�34.4% of the

VOCs mixing ratios during 12�18 November, while only

6.2�12.6% from 19 October to 11 November (Yuan et al.,

2010). This is typical of the PRD region at the start of

November, as the local farmers burn the rice straws in the

fields after harvest.

Even during the intensive biomass burning plume, con-

secutive NPF events are observed from 10 to 15 November

at Kaiping site (see Fig. 3a). Figure 3b and 3c exhibit the

temporal evolutions of meteorological parameters. The T

and RH show the increasing trend during the episode. On

average, the T and RH are 188C and 47% on 10 November,

corresponding to 228C and 70% on 15 November, respec-

tively. Meanwhile, the significant diurnal pattern of wind

direction is observed, with the wind mainly coming from the

northeast with higher speed in the daytime and becoming

calm at night. At the beginning of the episode, the wind

speed is up to 5 m s�1 on average in the early hours of

10 November, causing the dilution of the pollutants, while

the PM1 concentration is lower than 20 mg/m3 (Fig. 3d). The

more stable meteorological condition with low wind speed,

high T and RH is formed gradually during the episode.

These hot and humid conditions are ideal for pollution

build-up.

Fig. 3. Time series of (a) particle number size distribution and the mean diameter of the dominating mode; (b) Temperature (T, red) and

Relative Humidity (RH, blue); (c) Wind Speed (WS, orange) and Wind Direction (WD, green); (d) PM1 species concentrations; and

(e) the ratio of primary emission to total mass concentration and fire count (pink) in PRD region during the episode.
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The regional transport from the central PRD areas is

the major origin of the pollutants at the downwind rural site

of Kaiping (Huang et al., 2011). In addition, the local

biomass burning is another reason that leads to the air

pollution, as described above. As a result, the PM1

concentration reached 104mg/m3 in the evening of 15

November, which was five times higher compared with

the beginning of the episode. On average, organics and

sulphates are the major contributors to PM1 mass concen-

tration, accounting for 42 and 32% during the episode,

respectively. In this investigation, we classify sulphate,

nitrate, ammonium and OOA (sum of LV-OOA and SV-

OOA) as secondary components, while BBOA and BC are

regarded as primary components. It should be noted that

the BC concentration in PM1 is overestimated because it is

measured for PM2.5 by MAAP in this campaign. The time

evolutions of diverse components are displayed in Fig. 3d.

The contributions of primary and secondary components

are 21 and 79% on average, respectively. The mean hourly

mass concentration of secondary components was over

70 mg/m3 on the night of 15 November compared with about

12 mg/m3 at the beginning of the episode. However, the

relative mass fraction of secondary components did not

elevate due to the influence of the intensive local biomass

burning (see Fig. 3e). The mass concentrations of primary

components showed frequent irregular peaks, correspond-

ing to the abrupt variations of the GMD in the dominat-

ing mode (mainly in the size range of 60�110 nm). The

minimum and maximum concentrations are 1.6 mg/m3 and

39 mg/m3, respectively. The contribution of primary com-

ponents to PM1 could be up to 37% during the episode.

The number of daily fire hotspots detected by the Moderate

Resolution Imaging Spectroradiometer (MODIS) instru-

ments aboard the Terra and Aqua satellites (http://modis.

gsfc.nasa.gov/) in the whole PRD region is presented in

Fig. 3e. The appearance time of biomass burning sources

and the peaks of primary components are not totally

consistent. The cause of this phenomenon is limited by

the MODIS resolution, not all the local combustion sources

are counted. However, the smell of burning could be easily

detected during the episode.

The peak diameter of particle number size distribution is

shifted from 40 nm to 140 nm resulting in the accumulation

of pollutants (see Fig. 4a). Particle number concentrations

are dominated by the Aitken mode particles, which

accounted for 66% of the total number of concentrations

on 10 November, contrasting with the 60% contributed by

accumulation mode particles on 15 November. As a result,

the particle volume concentration presents the sustained

increase (about 6.1 mm3/cm3/day, if the aerosol density is

assumed as 1.7 g/cm3, then the mass concentration build-up

is about 10 mg/m3/day) during the episode.

3.3. Quantitative analysis of the primary and

secondary sources of particle number concentrations

Figure 5a describes that various components exhibit

different trends as the PM1 mass concentration increased.

The relative mass fraction of OOA is steady, in the range of

25�28%. Conversely, the contributions of primary species

show the significant elevation from 16% at 10�20mg/m3 to

30% at over 60mg/m3. The entire increasing percentage is

mainly contributed by BBOA. The same enhancement of

nitrate as BBOA is also observed which might be influ-

enced by the combustion process. All these results suggest

that the important contribution of local emission to mass

concentration of submicron particles. The variations of

particle number concentrations in various modes with mass

Fig. 4. Time evolutions of (a) particle number size distributions

and (b) particle volume size distributions during the episode.

Different colour lines represent the mean distribution.
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concentrations of primary components are shown in

Fig. 5b. It is significant that the relative number concen-

tration fraction of accumulation mode particles shows the

same trend as the mass concentration of primary species.

The contribution is more than 50% at over 10mg/m3 and

close to 70% when the mass concentration caused by local

emission is more than 25 mg/m3. Although the accumula-

tion mode particles may not have all formed during the

combustion process, it should not be ignored when we

discuss the source of the particles.

A rough method to quantify the contributions of various

sources to the particle number concentrations is applied in

this research. This method is used in other research to

distinguish the contributions of primary emissions and NPF

enhancements by vehicle exhaust emissions in urban

ambient air (Rodriguez and Cuevas, 2007). The influence

of traffic emissions is not observed at the Kaiping rural site;

however, it is replaced by the local biomass burning. Both

BC and BBOA are assumed to be the markers for primary

emissions, as described above. Hence, the ambient particle

number concentration is split into two components: emitted

by local emissions and formed by nucleation, which is

considered an important formation mechanism of second-

ary particles via gas-to-particles transformation. However,

it is also worth pointing out that the technique used in this

study is suitable for sites only affected by the biomass

burning. This is due to the fact that if the site is affected by

other primary sources, such as traffic emissions, it is hard to

distinguish the influences of traffic emission and biomass

burning because they have the same indicator (BC). In

addition, the biomass burning should not be far away from

the sampling site. This is because the number of concentra-

tions tends to drop under the effects of coagulation during

transportation (Rose et al., 2006), resulting in a decrease in

the S1 slope (highlighted in Fig. 6).

Figure 6 displays the scatter plots of the total number

concentration (N) versus the mass concentration of pri-

mary species (Pri.) during the whole episode. The data-set

was mostly comprised between two well-defined slopes,

S1 and S2, representing the minimum and maximum N/Pri.

ratio, 0.44�103 particles/mg Pri. and 14.1�103 particles/

mg Pri., respectively. The statistical analysis of the N/Pri.

ratio shows that slope S1 is very close to the 1st percentile

(0.49�103 particles/mg Pri.), whereas S2 approaches the

99th percentile (12.5�103 particles/mg Pri.).

Fig. 5. The variations of (a) the relative contribution of different components, with PM1 mass concentration; (b) the relative contribution

of particle number concentration in different modes, with primary species (BBOA and BC) mass concentration.

Fig. 6. Scatter plot of the total particle number concentration

(N) versus the primary emissions (BBOA�BC). S1 and S2 indicate

the lines of the minimum and maximum slopes which comprise the

N-vs.-Pri. data, respectively.
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To evaluate and quantify the contributions of the

different sources leading to the particle number concentra-

tion, the total particle number concentration is segregated

into two components:

N1 ¼ S1 � Pri: (3)

N2 ¼ N�N1 (4)

where S1� 0.44�103 particles/mg Pri. is the minimum slope

shown in Fig. 6. N1 represents the number concentration

of particles formed by local biomass burning. N2 accounts

for the particles formed by secondary transformation.

The minimum N-vs.-Pri. slope is used to calculate the

number concentration contributed by biomass burning.

Hence its contribution is underestimated. On average,

N1 and N2 provide 28921% and 72921% to the total

particle number concentration, respectively. The relatively

larger standard deviation of primary particles might be due

to the large uncertainty about local emissions. N1 shows

the increasing trend and correlates well with particle

surface area concentration (see Fig. 7a), especially at the

random peaks during the episode. This phenomenon is

good evidence to prove the reasonable of this quantitative

method. Other studies show particle number size distribu-

tion of combustion source with a peak between 0.12 and

0.32 mm (located in the accumulation mode) which is the

major contributor to the surface area concentration (Li

et al., 2007). Figure 7b displays the time revolutions of N2

and sulphuric acid concentration. The similar diurnal

variation between N2 and sulphuric acid concentration is

observed on NPF event days.

4. Conclusions

The characters of submicron particles in the PRD region are

investigated based on a 1-month (18 October�16 Novem-

ber) intensive campaign conducted at a downwind rural site.

In total, 12 NPF events are identified during 30 d and the

frequency of the NPF event is 40%. Gaseous sulphuric acid

shows the similar diurnal variation with the number

concentration of nucleation mode particles (15�25 nm).

The CS values (during 9:00�11:00) were 0.025 s�1 and 0.030

s�1 on NPF event and non-event days, respectively, which

are higher than the observations in Europe. The higher

number concentration of newly formed particles is observed

when the ratio of sulphuric acid concentration to CS value is

larger. The mean ratios before the nucleation event start are

6.2 and 3.7 cm�3 on NPF event days and non-event days,

respectively, indicating that the result of the competition

between source and sink is more likely the key limiting

factor to determine the observation of NPF events in

Kaiping. The particle growth rates vary from 3.2 nm/h

to 13.5 nm/h, with a mean value of 7.4 nm/h for 12 NPF

event days.

One episode, including consecutive nucleation event

days in the presence of strong biomass burning plume, is

observed from 10 to 15 November. Under the control of

stagnant meteorological conditions (high T and RH, low

WS), the mass concentration of fine particles elevates from

12 mg/m3 to 104 mg/m3 during the episode which could be

attributed to the local biomass burning and secondary

transformation.

Fig. 7. Time series of (a) N1 (black) and particle surface area concentration (blue); (b) N2 (red) and sulphuric acid concentration during

the episode (green).

8 Z. B. WANG ET AL.



Particle volume concentration increases at the rate of

6.1mm3/cm3 per day during the episode. Organics and

sulphates are the major contributors, accounting for 42 and

35% of the particle mass concentration, respectively. The

contributions of primary species show significant elevation

from 16% at 10�20 mg/m3 to 30% at over 60 mg/m3. The

maximum ratio of primary emission to total mass concen-

tration could reach 37% during the intensive biomass

burning plume.

The contribution of accumulation mode particles to the

total particle number concentration is close to 70% when

the mass concentration caused by local emissions is more

than 25 mg/m3. A rough method is applied to quantify the

contributions of different sources to the particle number

concentration in this study. On average, the local biomass

burning and secondary transformation provide 28 and 72%

to particle number concentration and 21 and 79% to mass

concentration, respectively.
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