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Fig. 1 Variation of aerosol number concentration and offshore distance. (a) 2019-06-08; (b) 2019-06-16
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Table 1 Aerosol number concentrations of three modes in different regions unit: cm™*
Nucleation Aitken Accumulation
Area Total Ref.
mode mode mode
Northeastern South China Sea at 2019-06-08 960 3481 2371 6812+1759 Proposed
Northeastern South China Sea at 2019-06-09 746 2982 1317 504541785 Proposed
Northeastern South China Sea at 2019-06-10 622 2943 1450 501541856 Proposed
Northeastern South China Sea at 2019-06-11 180 1073 839 20924656 Proposed
Northeastern South China Sea at 2019-06-12 289 1719 1361 336941332 Proposed
Northeastern South China Sea at 2019-06-13 55 1254 1070 2379+789 Proposed
Northeastern South China Sea at 2019-06-14 68 874 803 17454423 Proposed
Northeastern South China Sea at 2019-06-15 174 1406 1232 281241222 Proposed
Northeastern South China Sea at 2019-06-16 237 939 662 183841013 Proposed
Northeastern South China Sea at 2019-06-17 384 1426 954 2764+1718 Proposed
Northeastern South China Sea at 2019-06-18 568 1930 824 332241205 Proposed
Yellow Sea at 2005-03 36381779 [13]
East China Sea at 2005-05 20754985 [13]
Northeastern South China Sea at 2012-09 2150+150 [17]
Central South China Sea at 2012-10 10004200 [17]
Urban area in Beijing at 2011-12 4108 18359 8538 23152 [33]
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Fig. 2 Diurnal variation of total aerosol number concentration and offshore distance
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Table 2 Particle size distribution statistics of marine aerosols

Date Single peak  Double peak  Triple peak
2019-06-08 207 136 8
2019-06-10 311 223 11
2019-06-13 308 123 2
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Table 3 Log-normal fitting parameters of number concentration spectra in three sea areas
Area Mode 1 | Mode 2 |
O d,, /nm N, /em™® O d,, /nm N, /em™®
Northeastern South China Sea at 2019-06-08 1.71 21.7 247 1.31 105. 5 91
Northeastern South China Sea at 2019-06-10 1.28 91.4 55
Northeastern South China Sea at 2019-06-13 1.28 98.2 32
Yellow Sea at 2005-03 1.23 31.0 851 1.48 91.0 248
East China Sea at 2005-05 1.31 41.0 361 1.42 105.0 124
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Abstract

Objective Marine aerosol is a significant part of atmospheric aerosols, which has an important impact on the changes in
marine meteorology, such as visibility and precipitation. Marine aerosols also play a vital role in Earth's energy budget,
atmospheric environment, and climate change as they can directly scatter and absorb solar and Earth's radiance and
indirectly modify cloud properties. In studies of the size distribution of marine aerosols, micron aerosols are the object of
analysis in most cases. There are few studies based on the aerosol mode, and the research on submicron particles with a
particle size of less than 1000 nm is scarcely reported. However, submicron particles in the atmosphere perform a crucial
role in aerosol formation processes such as gas-to-particle conversion and the formation of cloud condensation nuclei. It is
of great significance to study the temporal and spatial variation characteristics of the number concentration, particle size,
and component distribution of submicron aerosols. This can help grasp the evolution of particle size distribution in the air

mass from land to sea and improve the understanding of the formation and evolution process of marine aerosols.

Methods A navigation observation lasting 12 days is conducted in the northern South China Sea by a Chinese research
vessel "Shenkuo" from June 8 to June 20, 2019. The particle number concentrations of submicron aerosols with a diameter
of 14-680 nm are measured by scanning mobility particle sizer (SMPS) placed on the right frontal side of the ship. The
conventional meteorological data (temperature, humidity, and atmospheric pressure) on the sea surface mainly comes from
the automatic meteorologic station onboard the ship. In addition to the data collected on site, the atmospheric reanalysis
dataset (MERRA-2) provides data on the sea surface, such as wind speed, wind direction, and aerosol composition. In
this paper, the HYSPLIT model is used to simulate the trajectory of the continental air mass during a cold front. After
correcting the discrete data and eliminating the polluted data caused by ship discharge, we analyze the temporal and spatial
change in the number concentration and size distribution. The size distribution spectra are fitted on the basis of the
nucleation mode, Aitken mode, and accumulation mode with the log-normal function. The influence of a cold front

encountered during the voyage on the number concentration, particle size, and component distribution is discussed.

Results and Discussions The meteorologic process of a cold front is found through the combination of the data from the
shipboard automatic meteorologic station and the meteorological reanalysis dataset. When a cold front is encountered, the
wind speed, specific humidity, and temperature all decrease significantly, and the wind direction changes from southwest
to northeast (Fig. 5). Therefore, the aerosols before and after the cold front are divided into marine aerosols and
continental aerosols polluted by the Taiwan Island. The differences in aerosol number concentration, particle size, and
component distribution before and after the cold front are compared. It can be seen from the aerosol particle size
distribution (Fig. 8) that the number concentrations of the contaminated continental aerosols (© and @ in Fig. 8) are
higher than the marine background level, that is, the level of marine aerosols (@ and ® in Fig. 8) before the cold front.
On June 15 and June 16, the peak number concentration of aerosols appears in the nucleation mode, which means that
there are more new particles in the aerosols at this time, and they are in a polluted state. It can be seen from the changes in
aerosol components (Fig. 7) that except for the decrease in the proportion of sea salt (SS), the proportions of other
components increase on June 15 and June 16, especially the sulfate component (SO,). The increase in the total number
concentration and nucleation-mode number concentration of continent aerosols and the increase in the proportions of SO,
and other components may be due to the air mass, impacted by the Taiwan Island, carrying sulfate, organic carbon, and

other components into the observation sea area.

Conclusions Firstly, with the increase in offshore distance, the total number concentration of marine aerosols gradually
decreases from the coastal level (6812 cm™) to the background level (1745 ¢cm™). Compared with the situation of the

offshore sea, the air in the far sea is cleaner, and the proportion of the nucleation-mode number concentration gradually
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decreases (2. 35%), the proportion of the Aitken mode remains stable (52.70%), and the proportion of the accumulation

mode increases (44.95% ). Secondly, the fitted spectra show that 62. 15% of the median size distributions are single-peak,
and 36.27% are double-peak, which agrees with the log-normal distribution. The median size distributions show the

double-peak mode along the coast with a peak value of about 200 cm™*, but display the single-peak mode with a total

number concentration between 60 cm ° and 100 c¢cm *°

on the open sea. As the offshore distance grows, the average
geometric particle size of the main modes of particle size spectra increases, and the peak number concentration decreases.
Finally, the aerosol samples obtained before the cold front are only affected by the ocean, and the number concentration of
marine acrosols is lower. The SS component is the main component (94. 33% ), and the particle size distribution presents a
single-peak characteristic, with the peak appearing in the accumulation mode, which reflects the characteristics of the
background marine aerosol. After the cold front transits, the aerosol is affected by the polluted air mass from the Taiwan
Island. The SO, proportion in continental aerosols is significantly increased (44.73%), and the particle size distribution

presents a double-peak characteristic in the nucleation and accumulation modes.

Key words oceanic optics; marine aerosol; submicron particle; number concentration; particle size distribution; log-

normal distribution
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