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ABSTRACT
This study aimed to understand the behaviour of cosmogenic airborne Be and airborne 2!°Pb,

and the relationship between the particle size distribution and major chemical composition of aerosols
attached by "Be. Air dust samples, total deposition samples, and aerosol size distribution were collected
at the rooftop of building No. 16, Osaka Sangyo University located in Daito, Osaka, Japan (34.71 °N,
135.64 °E; the height above ground level was 31 m).

Air dust samples in near-surface air were collected weekly. The seasonal >'°Pb and "Be
concentrations were determined from January 8, 2018 to December 31, 2020. The average monthly
concentration of "Be ranged from 2.15 + 0.28 to 8.84 = 0.62 mBg/m?, and the average value was 5.04
+ 1.12 mBg/m®. The average monthly concentration of 2!°Pb ranged from 0.43 £ 0.17 to 1.93 + 0.02
mBg/m?, and the average value was 0.78 + 0.30 mBg/m’. Despite their different origins and
distribution throughout the atmosphere, they presented the same seasonal variation. Furthermore, there
was a tendency for a maximum during the spring and autumn season, and a minimum during summer.
The variation in concentration showed a strong correlation between 2'°Pb and "Be (CC = 0.72). The
seasonal pattern from the 'Be concentration showed good agreement with the long-term study (15
years) at Sakai, Osaka, which was reported by Megumi et al. (2000). To understand the seasonal pattern
of 2'°Pb and "Be, the factors causing the variation were analysed. For 'Be, the results showed a medium
correlation for the total suspended particle (TSP) (CC = 0.53) and percentage of the relative humidity
(%RH) (CC =-0.40), a weak correlation in precipitation (CC = 0.32) and particulate matter (PM) 2.5
(CC = 0.32), very weak in the sunspot number (CC = —0.17), and neutron flux from the cosmic rays
(CC = 0.02). For 2!°Pb, the results showed a strong correlation in TSP (CC = 0.63), and a weak
correlation in pressure (CC = —0.27), wind speed (CC = —0.25), precipitation (CC = 0.25) and %RH
(CC = —0.23), and very weak PM 2.5 (CC = 0.12). Although the local meteorological factors were

necessary to understand the seasonal pattern of "Be and 2!°Pb, the results showed almost a weak



correlation. Thus, the transportation processes of 'Be and 2!°Pb were investigated on a global scale.
The air mass motions were estimated by using the NOAA HYSPLIT model, and the meteorological
data sets from the Global Data Assimilation System (GDAS) to simulate the backward air mass
trajectories. 'Be was produced in the upper atmosphere; the heights were the troposphere where the
long-range transportation of aerosols (2,000 m and 6,000 m) occurred, and the border between the
troposphere and the stratosphere (20,000 m), which was the level of "Be production. Moreover, 'Be
was continuously produced in the lower stratosphere (70%) and upper troposphere (30%), as reported
by Yoshimori (2005). The origin of !°Pb came from the ground; the heights were 500 m, 1000 m, and
1,500 m, respectively, which were the atmospheric turbulence that strongly influenced the meteorology
and dispersion. In summer, both "Be and 2!°Pb showed an air mass almost passing over the Pacific
Ocean, or lower latitudes that carried the low atmospheric concentration level. In winter, spring, and
autumn, the air mass almost passed over the continent, or higher latitudes, which the origin of the air
mass transported from Eastern and Northern China, and the far eastern part of Russia carried the high
atmospheric concentration level.

Monthly deposition samples, including rain and atmospheric deposition, were collected from
November 2019 to October 2020. The annual total depositions of "Be and >!°Pb were 1655 + 26 Bg/m?
and 273 + 7 Bg/m?, respectively. A very strong correlation between precipitation and total deposition
of "Be (CC =0.88) and 2!°Pb (CC = 0.85) was observed. The annual deposition pattern of the total "Be
and 2'%Pb deposition showed a high level in March, July, and October. The "Be deposition pattern at
Sakai, which was a long-term study, showed a spring peak pattern. The results of the current study
showed a different pattern with Sakai because this study period was only for one year, and high
precipitation was found in March, July, and October. Therefore, for the long-term study, the spring
peak was expected in the area. The wet deposition was the main deposition in "Be (79.07 %) and 2'°Pb

(67.87%). Thus, high precipitation could increase the "Be and 2!°Pb deposition of air by wash out.



In this study, the relationship between the size distribution of the "Be aerosol particles in the
surface air and Particulate Matter’s (PM) major chemical composition were analysed in size
distributions to investigate the PM's main inorganic species in the atmospheric aerosol particles as a
carrier of "Be. The main inorganic species of the PM were nitrate (NOs~), ammonium (NH4"), sulfate
(SO4*), and sea salt, which represented a 1:1 ratio of sodium ion (Na*) and chloride ion (CI). Every
two weeks from June 6, 2020, to August 28, 2020, and in December 2020, aerosol size distributions
were collected, and the aerosols were classified into 12 sizes ranging from 0.06 to 12.01 um. The
activity size distribution of the "Be-aerosols peaked in the 0.33 ~ 0.55 pum size range. The mass size
distribution of NH4* and SO4*~ peaked in the 0.33 ~ 0.55 um size range, NOs™ peaked in the 2.20 ~
3.90 um size range, and Na" and Cl-peaked in the 1.20 ~ 2.20 um size range. For the inorganic species,
the diameter of aerosol particles in summer was smaller than in winter because summer had lower
humidity than winter. High relative humidity conditions resulted in an increased particle size of the
atmospheric aerosols that were removed from the atmosphere by the influence of gravity. The
dominant ionic species were SO4>~ among anions and NH4" among cations, and their mass median
aerodynamic diameter (MMAD) was 0.63 + 0.15 pm and 0.61 £ 0.15 um, respectively, which was
almost identical to the activity median aerodynamic diameter (AMAD) of "Be activity size distribution
(AMAD = 0.63 + 0.15 um). For the variation of the inorganic species and the variation of 'Be, it was
found that only SOs* had good agreement with the variation of the Be activity. SO4> is an
anthropogenic product produced by burning fossil fuels from the Asian continent, especially China.
Thus, SO4>~ would be the potential medium for "Be, and this inorganic species could be traced and
predicted based on the behaviour of "Be.
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