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17 Abstract.

18  Understanding the aerosol hygroscopicity and volatility is crucial for determining their
19  effects on the environment and climate. As a typical natural aerosol, the dust impact on
20 fine particles’ hygroscopicity and volatility remains inadequately understood.
21  Simultaneous measurements of aerosol hygroscopicity and volatility were performed
22 using Volatility-Hygroscopicity Tandem Differential Mobility Analyzer during April
23 2024 in Beijing. During this period, mean hygroscopic growth factor (HGF) of 50, 80,
24 110, 150, 200, and 300 nm were 1.20+0.07, 1.28+0.07, 1.32+0.07, 1.36+0.08,
25  1.40£0.09, and 1.43+0.13, respectively. The mean volatile shrink factor (VSF) was
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26 0.48+0.05, 0.52+0.04, 0.53+0.05, 0.53+0.06, 0.53+0.07, and 0.54+0.10. Particles from
27  anthropogenic emissions were dominated by more hygroscopic and volatile
28  components, while particles influenced by natural sources (such as dust) had lower
29  hygroscopicity and volatility. The case study highlighted the impact of dust on
30  hygroscopicity and volatility for accumulated mode particles. Before dust arrival, more
31  hygroscopic and very volatile mode were more prominent, and HGF increased and VSF
32  decreased with diameter. When dust arrived, the number fraction of more hygroscopic
33 mode (NFmn) dropped to 0.54 (200 nm) and 0.33 (300 nm), while number fraction of
34  very volatile mode (NFvyv) fell to 0.73 (200 nm) and 0.47 (300 nm), respectively. This
35 reflected a shift toward the hydrophobic and non-volatile components. During dust
36  period, the size dependence showed that HGF peaked at 150 nm and declined, whereas
37  VSF rose with diameter. The mean HGF and VSF at 300 nm were 1.20 and 0.74 during

38  dust period, suggesting that particles at 300 nm were hydrophobic and less volatile.
39 1. Introduction

40 Hygroscopicity and volatility are critical physical properties of atmospheric
41  aerosol particles. Hygroscopicity has a significant influence on atmospheric radiative
42  balance and visibility by altering particle size distribution and optical properties. In
43 addition, hygroscopicity indirectly affects the regional and global climate by
44  influencing the lifetime and microphysical properties of clouds (Gunthe et al., 2009;
45  Rose et al., 2010; Pohlker et al., 2023). Volatility plays a crucial role in gas-particle
46  partitioning and the aging process of aerosols (Huffman et al., 2008). Considering the
47  hygroscopicity and volatility of aerosols in the model is of great significance for
48  reducing discrepancies between simulation results and observational data, and
49  improving the accuracy of model outputs (Gao et al., 2024; Mcfiggans et al., 2006;
50 Pringle et al., 2010; Rissler et al., 2010). Besides, determining the variation of particle
51  size at selected dry diameters under different relative humidity and temperatures can
52  also provide valuable indirect in-situ information regarding the chemical composition,

53  mixing state, and coating properties of aerosols (Massoli et al., 2010; Chen et al., 2022a;
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54  Liuetal., 2025).

55 Given the significant environmental and climatic effects of aerosol volatility and
56  hygroscopicity, numerous field observations on aerosol volatility or hygroscopicity
57  have been conducted. Previous researches show that the volatility and hygroscopicity
58  of fine particles exhibit substantial differences due to the influence of emission sources
59  and atmospheric processes. The observed results in five sites across China by Chen et
60 al. (2022b) demonstrated that aerosols at suburban sites were more hygroscopic than
61  those in megacities, which may be attributed to the fact that suburban aerosols were
62  mainly from regional transport and thus more aged and well mixed. Cai et al. (2017)
63  found that aerosols exhibited lower volatility in Guangzhou compared to Okinawa,
64  because the aerosols in Guangzhou were affected more by traffic-related sources and
65  industrial emissions.

66 The size dependence of hygroscopicity and volatility is complex. Wu et al. (2016)
67  demonstrated a clear increasing trend in hygroscopicity with particle size, which was
68  similar to the size dependency of inorganic mass fraction in PM1. While Shi et al. (2022)
69  found that aerosol hygroscopicity for 60, 100, 150, and 200 nm at 90% RH in rural
70  North China decreases with increasing particle size in winter, possibly due to enhanced
71 domestic heating emissions of non-hygroscopic or low-hygroscopicity primary aerosols
72 under low temperatures. In terms of volatility, the VSF of ambient aerosols in urban
73 Beijing decreases with increasing particle size (Wang et al., 2017), while Levy et al.
74 (2014) reported the opposite size dependence near the California-Mexico border.
75  Besides, the size dependence of volatility various under different pollution conditions.
76 Yuetal. (2025) found that volatility declined slightly with particle size under the clean
77  conditions, without an obvious size dependence under the pollution conditions.

78 Dust particles, suspended in the atmosphere, range from less than 0.1um to over
79 100pm (Adebiyi et al., 2023). As one of the most important natural aerosols in the
80  atmosphere, dust aerosols significantly affect atmospheric chemistry, human health,
81  climate change, and biogeochemical cycles (Chen et al., 2021; Kurai et al., 2014; Lian

82 et al., 2025). Heterogeneous reactions between mineral dust and trace gases can alter
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83  the chemical and physical properties of aerosols (Tang et al., 2017; Xu et al., 2020; Kok
84  etal., 2023). Although the climatic and environmental effects of dust are considerable,
85 limited studies focus on the dust effect on aerosol hygroscopicity and volatility
86  simultaneously, especially on submicron aerosols (Kaaden et al., 2009; Kim and Park,
87  2012; Massling et al., 2007).
88 The North China Plain (NCP) is a hot spot of anthropogenic emissions, which can
89 lead to severe air pollution. In recent years, the air quality in the NCP has significantly
90 improved due to the strict control measures implemented by the government. However,
91  the air pollution still happens due to unfavorable meteorological conditions, particularly
92  in spring (Hu et al., 2021; Zhong et al., 2021). On the other hand, dust events often
93  occur in the NCP in spring (Gui et al., 2023; Gui et al., 2022), which complicates the
94  characteristics of aerosol hygroscopicity and volatility of the NCP. Although aerosol
95  hygroscopicity and volatility in the North China Plain have been widely discussed in
96 previous studies, existing work primarily focuses on the impact of chemical
97  composition on aerosol hygroscopicity and volatility, the influence of anthropogenic
98  emission on the hygroscopicity and volatility of aerosols, and the characterization of
99  aerosol hygroscopicity and volatility under different pollution conditions(Wu et al.,
100  2016; Chen et al., 2022a; Chen et al., 2022b; Shi et al., 2022; Zhang et al., 2023; Yu et
101 al., 2025). The understanding of aerosol hygroscopicity and volatility in spring,
102  particularly during the dust period, is limited.
103 In this study, the hygroscopicity and volatility of aerosols were measured
104  simultaneously using a Volatility-Hygroscopicity Tandem Differential Mobility
105  Analyzer (VH-TDMA) in the spring of 2024. The characteristics of aerosol
106  hygroscopicity and volatility were analyzed, and the influence of air mass on aerosol
107  hygroscopicity and volatility was discussed. Moreover, the relationships between
108  hygroscopicity and volatility were explored. Finally, the impact of dust on the
109  hygroscopicity and volatility of acrosol was investigated through a case study of a dust
110  event. The study aimed to enhance understanding of aerosol hygroscopicity and

111  volatility in spring, and to reveal the dust effect on the hygroscopicity and volatility of
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112 fine particles.
113 2. Experiment and instrumentation

114 2.1 Sampling site

115 The measurements were performed at the Chinese Academy of Meteorological
116  Sciences (CAMS; 39.97°N, 116.37°E) from April 1 to April 29", 2024. The CAMS
117  siteis a typical urban site between the second-ring and third-ring roads in Beijing. There
118  is a major road within 200 meters to the west of the CAMS site. Local residents and
119  traffic emissions are the major sources of emissions at the CAMS site. More details
120  about the CAMS site are provided in the following studies(Zhang et al., 2023; Lu et al.,
121 2024).

122 2.2 Instrumentation
123 2.2.1 Aerosol hygroscopicity and volatility measurement

124 The size-resolved aerosol hygroscopicity and volatility were measured by a
125  Volatility Hygroscopicity Tandem Differential Mobility Analyzer (VH-TDMA)
126 (TROPOS, Germany), which is described in detail by Yu et al. (2025). Here, we just
127  introduced briefly. The sample air was dried by a silica dryer and a Nafion dryer to keep
128 its RH<30% before being pumped into the VH-TDMA. The VH-TDMA is composed
129  of an X-ray aerosol neutralizer (model 3088, TSI Inc., USA), two condensation particle
130  counters (CPC1 and CPC2; CPC 3772, TSI Inc., USA), and three medium Hauke-type
131  differential mobility analyzers (DMA1, DMA2, and DMA3, TROPOS, Germany),
132 custom-made Nafion dryers, thermal denuders (TDs), and humidifiers.

133 In this study, the VH-TDMA operates alternately in the H-TDMA mode and the
134 V-TDMA mode, which can measure the aerosol hygroscopicity and volatility
135  simultaneously. DMA1 selected quasi-monodisperse particles at selected diameters (Dp
136 =50, 80, 110, 150, 200, and 300 nm). Then the aerosol particles of a certain size were

137  split into two flows. One flow passed through the TDs, followed by DMA2 and CPCl,

5



https://doi.org/10.5194/egusphere-2025-3796
Preprint. Discussion started: 27 August 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

138 and the other flow passed through the humidifiers, and DMA3+CPC2. DMA2+CPC1
139  measured the size distribution of heated particles and DMA3-+CPC2 measured the size
140  distribution of humidified particles, respectively. In this study, the temperature in the
141 TDs was set at 300 °C and the RH in the humidifier was set at 90%. In order to ensure
142  the accuracy of the RH measurement, the hygroscopicity of 100 nm ammonium sulfate
143  particles was measured regularly during the campaign. In this study, we used the

144  TDMAinv program package (Gysel et al., 2009) to inverted the data from VH-TDMA.
145  2.2.2 Particle number size distribution measurement

146 The particle number size distribution (PNSD) in the range of 8-850 nm under dry
147  conditions (RH<30%) was measured in spring of 2024 (including dust period) by a
148  tandem scanning mobility particle sizer (TSMPS, TROPOS, Germany). The TSMPS
149  consists of two differential mobility analyzers (DMAs, TROPOS, Germany) and two
150  condensation particle counters (CPCs, models 3772 and 3776, TSI Inc., St Paul, USA).

151  More information on PNSD measurement and setup is described in (Shen et al., 2018).
152 2.3 Data processing

153 The hygroscopic growth factor (HGF) is defined as the ratio of the particle’s

154 electrical mobility diameter at a certain relative humidity to that under dry conditions:

155 HGF = —2wen
Dp(ary,To)
156 Where Dp(wet) is the particle diameter at an RH of 90%, Dp(dry,T0) refers to the

157  particle diameter at room temperature with an RH below 30%.
158 The volatile shrink factor (VSF) is defined as the ratio of the particle’s electrical
159  mobility diameter at a certain temperature to that under dry conditions at room

160  temperature:

161 VSF= 2200
Dp(ary,To)
162 Where Dp(T1) is the particle diameter at a set heating temperature of 300°C.
163 The hygroscopic growth factor probability density function (HGF-PDF) and

164  volatile shrink factor probability density function (VSF-PDF) were derived from the

6
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165  number size distributions of humidified aerosol particles and volatile acrosol particles.
166  According to the HGF-PDF, acerosol particles were divided into two hygroscopic groups:
167  nearly hydrophobic (NH) mode particles (HGF < 1.2) and more hygroscopic (MH)
168  mode particles (HGF > 1.2). Based on the VSF-PDF, aerosol particles were classified
169  into two groups: non-volatile (NV) mode particles (VSF > 0.8) and very volatile (VV)
170  mode particles (VSF < 0.8). The detailed description of the calculation methods for
171 HGF-PDF, VSF-PDF, and the number fraction (NF) of each mode was shown in Yu et
172 al. (2025)

173 2.4 Other data used

174 Hourly PM2 5 and PMjp mass concentrations at the Guanyuan site were obtained
175  from the China National Environmental Monitoring Center. The meteorological data at
176 ~ Haidian station (N0.54399), which is located 5 km northwest of the CAMS site, was
177  obtained from the National Meteorological Information Center of the China
178  Meteorological Administration. Besides, the 48-hour back trajectories arriving at the
179  CAMS site were calculated using the HYSPLIT 4 model (Hybrid Single-Particle
180  Lagrangian Integrated Trajectory)(Draxler and Hess, 1998; Cohen et al., 2015). All data

181  in this study are reported in Beijing time (UTC+S).
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3. Results and discussion

3.1 Overview
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Figure 1. Time series of temperature and relative humidity (a), wind speed and wind
direction (b), PM2.5 and PM1o mass concentration (c) from April 1 to 29, 2024. The
gray-shade and yellow-shade area represent the pollution period and dust period,
respectively.

The time series of meteorological parameters and PM2s and PMio mass
concentrations are depicted in Figure 1. During the study period, the average
temperature was 16.6+5.1 °C and the mean RH was 53.2+23.1%. The average wind
speed was 1.48 £1.06 m/s, with the highest value up to 5.2 m/s. The mean PM> s and
PM;o mass concentrations were 44.9+32.3 and 100.7457.0 ug/m’ during the study
period. There were six pollution episodes and one dust episode during the whole
campaign. Here, the pollution episode was defined as the PM2 s mass concentration
exceeding 75 pg/m® and the ratio of PMa2 s and PMo exceeding 0.3. Dust episode was
defined as the PM o mass concentration was larger than 100 pg/m? and the ratio of PM 5
and PM1o was smaller than 0.3. During the pollution period, southerly winds prevailed
with low wind speed and high relative humidity. When dust arrived, the prevailing wind

is usually from the northwest with high wind speed with low RH.
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Figure 2. Time series of HGF-PDFs for 50, 80, 110, 150, 200 and 300 nm particles at
90% RH (a—f), and the frequency of the HGF values (g-1).

In this study the minimum HGF-PDF for 50, 80, 110, 150, 200 and 300 nm
particles are typically at around 1.2 (Figure. S1), so the particles are divided into two
modes: the nearly hydrophobic (NH) mode particles (HGF < 1.2) and more hygroscopic
(MH) mode particles (HGF > 1.2). Figure 2 displays the time series of HGF-PDFs for
50, 80, 110, 150, 200 and 300 nm particles at 90% RH and the frequency of the HGF
values. During the study period, the HGF for 50 nm particles was dominated by the NH
mode, with the highest frequency of HGF ranging from 1.1 to 1.2. This could be related
to the particles for SOnm, mainly influenced by local emission, such as traffic emissions.
For 80, 110, 150, 200, and 300 nm particles, the MH mode in the HGF-PDF was
basically more dominant. HGFs for 80 and 110 nm particles were mainly distributed

between 1.2 and 1.3. For 150 and 200 nm particles, HGF mainly ranged from 1.3 to 1.4.
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215  The distribution range of HGF for 300nm particles was wider, primarily ranging from
216 1.4 to 1.6. During the whole period, the number fraction of more hygroscopic mode
217  particles (NFwmn) for 50, 80, 110, 150, 200, and 300 nm particles was 51%, 68%, 75%,
218 79%, 80%, 77%, respectively. Only half of the particles at 50 nm were more
219  hygroscopic, which was due to the intensive emissions from traffic and cooking sources
220  around the site. The CAMS site is surrounded by residents and is near the main road
221 with heavy traffic. The particles from traffic and cooking sources are usually externally
222 mixed and hydrophobic(Henning et al., 2010). The NH mode was hardly observed in
223 aerosol particles ranging from 150 to 300nm during the pollution period, indicating the
224  particles were almost hygroscopic and more aged (Zhang et al., 2023). As shown in
225  Table 1, HGF shows a strong size dependency. The mean values of HGF for 50 - 300nm
226  particles were 1.20+0.07, 1.28 =0.07, 1.324+0.07, 1.36+0.08, 1.40+0.09, 1.43+
227  0.13, which were consistent with the results observed by Wang et al. (2017) that aerosol

228  particles became more hygroscopic with increasing particle size.

10
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229
230 Figure 3. Time series of VSF-PDF for 50, 80, 110, 150, 200 and 300 nm particles (a—

231 f), and the frequency of the VSF values (g-1).

232 After the aerosol is heated to 300°C, the remaining substances are non-volatile
233 substances, such as elemental carbon and dust. As shown in Figure S1, the mean VSF-
234  PDFs show a minimum value at around 0.8, and the particles are separated into two
235  modes: the non-volatile (NV) mode particles (VSF > 0.8) and the very volatile (VV)
236 mode particles (VSF < 0.8). Figure 3 shows the variation of volatile shrink factor
237  probability density functions (VSF-PDFs) and the frequency distribution of VSF for 50,
238 80, 110, 150, 200 and 300 nm particles. The VSF-PDFs for particles in the 50-300 nm
239  range were mainly dominated by the VV mode, with occasional enhancement of the
240 NV mode for particles at 200, and 300 nm. During the sampling period, the mean
241  number fraction of very volatile mode particles (NFvv) for 50, 80, 110, 150, 200 and

242 300 nm particles was 96%, 95%, 94%, 93%, 91%, 87%, respectively, indicating the

11
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243  particles were almost volatile. VSF for 50 -150nm particles was mainly concentrated in
244 the range between 0.4 and 0.6. The distribution range of VSF for 300nm particles was
245  wider, suggesting that the volatility of 300 nm aerosol particles varied greatly. During
246  the study period, the mean value of VSF for 50 - 300nm particles was 0.48 0.05, 0.52
247  £0.04,0.5340.05, 0.53+0.06, 0.53+0.07, 0.54 +0.10, respectively.

248 Table 1. The hygroscopicity an volatility parameter during the campaign.

50nm 80nm 110nm 150nm 200nm 300nm

NFvn 0.5140.21 0.6840.17 0.7540.15 0.7940.14 0.8040.16 0.7740.22

HGF 1.2040.07 1.2840.07 1.3240.07 1.36#0.08 1.40%0.09 1.43#0.13

Toul NFvw 0.9640.04 0.9540.04 0.94#0.05 0.93#0.05 0.9140.07 0.8740.12
VSF 0.4840.05 0.5240.04 0.53#0.05 0.53#0.06 0.5340.07 0.5440.10
NFwn 0.44#0.11 0.5020.15 0.57#0.13 0.6240.08 0.5440.08 0.3340.15

Dust HGF 1.2040.04 1.2640.07 1.30#0.06 1.34#0.05 1.31#0.05 1.2040.08

us!

NFvw 0.93#0.05 0.8940.04 0.87#0.04 0.83#0.04 0.7320.09 0.47#0.21

VSF 0.4640.04 0.5140.02 0.5240.02 0.53#0.02 0.5740.03 0.7440.12

249 3.2 Influence of air mass on aerosol hygroscopicity and volatility

250 The hygroscopicity and volatility of aerosols are closely related to the source of
251  air masses (Cai et al., 2017). The chemical components, aging degrees, and mixing
252 states of aerosols carried by air masses originating from different regions are different,
253  which leads to significant differences in the properties of aerosols corresponding to
254 different air masses. In order to investigate the influence of air mass on aerosol
255  hygroscopicity and volatility. The 48-h back trajectories were calculated, and the back
256 trajectories were classified into four clusters. As shown in Figure 4, cluster 1 originated
257  from the Bohai Sea, passed through Tianjin, and reached Beijing, which accounted for
258  27% of the total back trajectories. Cluster 2 originated from Mongolia, and had the
259  longest transport distance. Cluster 2 arrived in Beijing through Inner Mongolia and the
260 northwest of Hebei province. Cluster 3, which accounted for 39% of total back
261  trajectories, arrived in Beijing from the Shanxi province and southwest of Hebei

262  province. Cluster 4 originated from the northeast of Inner Mongolia and passed through

12
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the Liaoning Province and the northeast of Hebei Province. The HGF corresponding to
Cluster 1 was significantly greater than that of the other clusters. This might be related
to the fact that Cluster 1 passed through the Bohai Sea during its transport, carrying
more hygroscopic marine aerosols. The HGF of cluster 1 at 150 nm is 1.41, which is
close to the result of ambient marine aerosol particles at 145nm (Hakala et al., 2016).
Cluster 2, which originated from the northwest, had a smaller HGF and a larger VSF,
suggesting that the particles from the northwestern air mass had weak hygroscopicity
and weak volatility. This is because Cluster 2 passed through the Gobi Desert during its
transport, carrying dust aerosols, which led to a decrease in the aerosol hygroscopicity

and volatility.
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Figure 4. Air mass clusters of 48-h back trajectories arriving at the CAMS site in
Beijing during the study period, and the fraction of each cluster accounting for the

total back trajectories.
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Figure 5. The variation of size- resolved HGF (a-f) and VSF (g-1) in each cluster in

the campaign. The solid line in the box represents the median value, and the dot

indicates the mean value. The box contains the range of values from 25 % (bottom) to

75 % (top), and the upper and lower whiskers are the 95th and 5th percentiles,

respectively.
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Figure 6. The relationship between HGF and VSF (a-f), as well as NFyv and NFwmn (g-
1). Color bar represents the mass ratio of PMz s and PMo.

In order to explore the relationships between aerosol hygroscopicity and volatility,
the relationships between HGF and VSF, as well as NFyy and NFwn, were analyzed.
Figure 6 exhibits the relationship between HGF and VSF, as well as NFyv and NFym.
During the observation period, there was no significant correlation between the HGF
and VSF of the 50nm and 80nm aerosol particles, and the correlations between the
NFvv and NFun of the 50nm and 80nm aerosol particles were relatively weak. Previous
studies in Beijing also found similar results, which might be related to the low degree

of ageing in Aitken mode particles (Wang et al., 2017). The accumulation mode
15
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295  particles exhibited a significant negative correlation between HGF and VSF, and the
296  correlation became strong with increasing particle size. The relationship between
297  hygroscopicity and volatility of accumulation mode particles was different from that of
298  Aitken mode particles, which could be related to the aerosol chemical composition.
299  Previous studies in Beijing revealed that the particles below 100nm are mainly organics
300 (Li et al., 2023), while accumulation mode particles are dominated by secondary
301  aerosols (Xu et al., 2015).

302 The color bar in Figure 6 represents the ratio of PMa2s5 to PMio, which is used to
303  distinguish anthropogenic pollution from dust episodes (Querol et al., 2001). A higher
304  PM2.s/PMyp ratio usually indicates that fine particulate matter and secondary particles
305 are the main contributors, while a lower PM,s/PMjo ratio indicates that coarse
306  particulate matter generated by natural processes (such as dust) is dominant (Zha et al.,
307  2021; Lietal., 2020). As shown in Figure 6, when the mass ratio of PM2 s to PMjo was
308  less than 0.3, the NFmu and NFyv of accumulation mode particles were low. This
309 indicated that lower hygroscopicity and lower volatility components dominated
310  accumulation mode aerosols when particles from natural sources were dominant in the
311  atmosphere. However, when the ratio of PM2 s to PMio was larger than 0.3, the NFwmn
312  and NFvv of accumulation mode particles were larger. This suggested that when fine
313  particles from anthropogenic emissions were dominant in the atmosphere, the
314  accumulation mode particles primarily consisted of higher-hygroscopicity and higher-
315  volatility components. Besides, when the mass ratio of PM2 .5 to PM1o was less than 0.3,
316  the particles for 150-300 nm exhibited a low HGF and high VSF, while when the mass
317  ratio of PMas to PMo exceed 0.3, the particles for 150-300 nm showed a high HGF
318 and low VSF. This suggested that the hygroscopicity and volatility of accumulated
319  mode aerosols from natural or anthropogenic sources were different. The discrepancy
320 in the values of HGF and VSF at 300nm under different mass ratios of PMa25 to PMio
321  was more pronounced, indicating that anthropogenic and natural sources had different

322  effects on accumulation mode particles of varying sizes.

16



https://doi.org/10.5194/egusphere-2025-3796
Preprint. Discussion started: 27 August 2025
(© Author(s) 2025. CC BY 4.0 License.

EGUsphere\

323 3.4 The evolution of aerosol hygroscopicity and volatility during dust period
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325 Figure 7. The variation of particle number size distribution, wind speed and wind
326 direction, PM2 s and PMio mass concentration on April 15, 2024. The yellow-shade
327 area represents the dust period.
328 During the study period, a dust episode was observed on April 15, 2024. In
329  response to this dust event, the Beijing Meteorological Observatory issued a blue dust
330  warning (https://yjglj.beijing.gov.cn/art/2024/4/15/art 2472 _674730.html, last access:
331 July 30, 2025). Before 06:00 on April 15, the wind speed was relatively low, with PM3 5
332 levels approximately at 50 pg/m>. The ratio of PMas to PMjo was high (~0.6), which
333  indicated that fine particles from anthropogenic emissions dominated. The period from
334 0:00 to 5:00 on April 15 was defined as the before dust period (before-DS). At 6:00, the
335  wind speed increased, and the wind direction was predominantly North. PM2.s and PMio
336  mass concentrations rose rapidly in response to high wind speed, and reached up to 78
337 and 415 pg/m3, respectively. Then the PM, s and PMjo mass concentrations decreased
338  gradually. The average ratio of PMas to PMjo between 6:00 and 12:00 was 0.16,
339 indicating that the dust particles were dominant. The backward trajectory shows that
340  the air mass between 6:00 and 12:00 mainly originated from the central and western of
341  Mongolia, passing through Inner Mongolia and Hebei province before reaching Beijing.
342  So, the dust period (DS) was defined between 06:00 and 12:00 on April 15. After 12 o
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'clock, the mass concentrations of PMo was lower than 100 pg/m?®, and the wind speed
also gradually decreased. So, the after-dust period (after-DS) was defined between
13:00 and 23:00 on April 15. Besides, a new particle formation (NPF) event occurred
during this period, which is the case with the appearance of the nucleation mode, but
without clear growth. As shown in Figure S2, after 12:00, the back trajectories still
originated from the north of Beijing and passed through Mongolia, Inner Mongolia,

which may still bring the dust particles.

Probability Probability

12
hour

Figure 8. The variation of HGF-PDFs and VSF-PDFs for 50, 80, 110, 150, 200 and

300 nm particles on April 15, 2024. The area between the yellow dashed lines

indicates the dust period.
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354
355 Figure 9. The number fraction of MH mode and VV mode, the mean value of HGF

356 and VSF for 50-300 nm on April 15, 2024.

357 Figure 8 illustrates the variation of HGF-PDFs and VSF-PDFs for 50, 80, 110, 150,
358 200, and 300 nm particles on April 15, 2024. Before the dust period, the more
359  hygroscopic mode was more prominent, no matter what particle size was considered.
360  With increasing particle size, the dominance of the more hydroscopic mode became
361  more pronounced. The number fraction of MH mode for 300nm particles was as high
362  as 93.9%. In terms of volatility, the very volatile mode particles for 50-300nm particles
363  were dominant, with the number fraction of VV mode exceeding 80%. As shown in
364  Figure 9, both HGF and VSF were strongly size-dependent before the dust period. As
365 the increase of particle size, HGF increased and VSF decreased, indicating that the
366  volatility and hygroscopicity of smaller aerosols were weaker than those of larger
367  aerosol particles. A similar size dependence of HGF and VSF was also observed at the
368  California-Mexico border (Levy et al., 2014).

369 During the dust period, the proportion of more hygroscopic mode particles
370  decreased rapidly. When the dust arrived, the strong north wind not only brought dust
371  particles but also swept pre-existing fine particulate matter in the atmosphere. The most

372  significant decline in the number fraction of MH mode particles was observed at 200
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373 and 300nm. The mean value of the number fraction of MH mode particles for 200 and
374  300nm was 0.54 and 0.33, which were much lower than that before the dust period.
375  Previous research also found that the number fraction of MH mode particles for 250
376 and 350 nm was less than 0.5 during the dust event (Kaaden et al., 2009).
377  Simultaneously, the NV mode of 200 and 300 nm became more prominent. During the
378  dust period, the minimum NFyy was only 0.18. The mean value of the number fraction
379  of VV mode for 200 and 300 nm particles decreased from 0.93 and 0.94 before the dust
380  period to 0.73 and 0.47 during the dust period, respectively. The decrease in the number
381  fraction of MH mode and the number fraction of VV mode particles for 200 and 300
382 nm reflected a shift toward hydrophobic and non-volatile components. Besides, HGF
383 and VSF exhibited different size dependence during the dust period compared with
384  before the dust. During the dust period, HGF reached a peak at 150nm and then declined
385 as the particle size increased (Figure 9¢). The mean HGF for 300nm was 1.20, which
386  was close to the observed results of Massling et al. (2007) during the dust period.
387  During the dust period, the VSF for 50nm was the least, and the VSFs for 80-150 nm
388  were close. While VSF increased with the increase of particle size from 150-300 nm,
389  reaching as high as 0.74 at 300nm during the dust period (Figure 9d).

390 During the after-dust period, the number fraction of MH mode particles for 50-
391 300 nm gradually increased, but remained below that before the dust period.
392  Particularly, the MH modes of 50 nm became strong and the number of MH mode of
393  50nm gradually increased and reached 0.76 at 3:00 (Figure. 8a). This might be related
394  to the NPF event that occurred after the dust. Zhang et al. (2023) reported that the
395  hygroscopicity of 50 nm particles was usually affected by NPF events. Previous studies
396  demonstrated that a significant enhancement in the hygroscopicity of 40nm organic
397  aerosol particles during NPF(Liu et al., 2021) and an increase in the proportion of water-
398  soluble compounds in newly formed particles(Shantz et al., 2012; Wu et al., 2016).
399  During the evening rush hour, it can be clearly observed that the number fraction of
400  MH mode for 50-110 nm particles decreased markedly, probably owing to fresh traffic

401  and cooking emissions during the evening rush hour (Figure 8a-c). After the dust, the
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402  VV mode of 50nm particles became more pronounced (Figure 8g), which could be
403  related to the volatile matters that produced during the NPF event (Wu et al., 2017).
404  The average VSF at 50nm was 0.41 after the dust, which was close to the VSF at 50nm
405  observed during the NPF event in Wu et al. (2017). Size-dependent variations in HGF
406  and VSF during the after-dust period resembled those during the dust period. After the
407  dust, HGF at 200 and 300nm were 1.31 and 1.22. The VSFs at 200 and 300nm were

408  0.52 and 0.62, which were lower than those during the dust period.

409 4. Conclusion

410 Simultaneous measurements of hygroscopicity and volatility of aerosol were
411  performed using a Volatility-Hygroscopicity Tandem Differential Mobility Analyzer
412  (VH-TDMA) in Beijing during April 2024. Results show that 50 nm particles were
413  dominated by the nearly hydrophobic (NH) mode, which could be related to the
414  particles for 50nm being mainly influenced by local emissions, such as traffic emissions
415  and cooking sources. For 80, 110, 150, 200, and 300 nm particles, the more hygroscopic
416  (MH) mode in the HGF-PDF was basically more dominant. During the study period,
417  the mean HGF values for particles ranging from 50 to 300 nm were 1.20+0.07,
418  1.28+0.07, 1.32+0.07, 1.36+0.08, 1.40+0.09, and 1.43+0.13, respectively. For 50-300
419  nm particles, the VSF-PDF was mainly dominated by the very volatile (VV) mode, with
420  mean VSF values during the study period being 0.48+0.05, 0.52+0.04, 0.53+0.05,
421 0.5340.06, 0.5340.07, and 0.54+0.10 for the respective sizes.

422 Back trajectory analyses indicated that Cluster 2, originating from the northwest,
423  exhibited a smaller HGF and a larger VSF, suggesting that the particles from the
424  northwestern air mass had weak hygroscopicity and weak volatility. This could be due
425  to the fact that Cluster 2 passed through the Gobi Desert during its transport, carrying
426  dust aerosols, which led to a decrease in the aerosol hygroscopicity and volatility. The
427  relationships between the hygroscopicity and volatility of aerosol show that the
428  accumulation mode particles exhibited a significant negative correlation between HGF

429  and VSF, and the correlation became strong with an increase in size. Besides, when the
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430  mass ratio of PMz 5 to PMjo was less than 0.3, the NFmu and NFyv of accumulated
431  mode particles were low, suggesting that accumulated mode particles were dominated
432 by components with lower hygroscopicity and volatility when particles from natural
433  sources were dominant in the atmosphere. Conversely, when the dominance of fine
434  particles from anthropogenic emissions (PMa.s/PMio >0.3), higher NFmu and NFvyv
435  values for accumulation mode particles indicated that they were primarily composed of
436 more hygroscopic and volatile components.

437 The influence of dust process on the hygroscopicity and volatility of aerosol at
438  different sizes was also investigated. Before the dust period, the more hygroscopic
439  mode was prominent regardless of size. The number fraction of MH mode increased
440  with particle diameter (93.9 % at 300 nm). As for volatility, very volatile (VV) mode
441  was dominant and the number fraction of VV mode for 50-300nm particles was higher
442  than 80%. Both HGF and VSF exhibited a clear size dependence: as the increase of
443  particle size, HGF increased and VSF decreased, indicating that smaller particles were
444 less hygroscopic and less volatile. Compared with before the dust period, the mean MH
445  mode fraction dropped sharply to 0.54 for 200 nm and 0.33 for 300 nm, and the mean
446 VV mode fraction decreased to 0.73 (200 nm) and 0.47 (300 nm) during the dust period.
447  This reflected a shift toward hydrophobic and non-volatile components. During the dust
448  period, HGF reached a peak at 150nm and then declined as the particle size increased.
449  The mean HGF was 1.20 for 300 nm during the dust period. While VSF increased with
450  the increase of particle size from 150 to 300 nm, reaching as high as 0.74 at 300nm.
451 After the dust, the MH mode fraction gradually increased but remained below that
452  before the dust period. An NPF event temporarily elevated the MH mode fraction of 50
453  nm particles to 0.76, while fresh traffic and cooking emissions reduced it during the
454 evening rush hour. Affected by the NPF event, the VV mode of 50 nm particles was
455  enhanced. After the dust, the size-dependent patterns of HGF and VSF resembled those
456  during the dust period, demonstrating a persistent dust influence. To our knowledge,
457  this work focuses on the dust impact on the hygroscopicity and volatility of fine

458  particles simultaneously in the North China Plain for the first time. The results reveal
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459  that the hygroscopicity and volatility of accumulated mode particles are significantly
460 influenced by dust. Accumulated mode plays a significant role in cloud condensation
461 nuclei (CCN) activation. Further research is needed to quantify the changes in
462  accumulation mode properties influenced by dust, specifically their impact on CCN

463  activation.
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