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ABSTRACT 

 

Field observation at Fukue Island was performed. A remarkable increase of 

new particles were identified as small as 3-4 nm under low concentration of pre-

existing particles. We classified this event as type-A. In the case of type-B and -C, 

most of the days were identified under sulfur rich in the particle phase. It suggested 

that the nucleation might appeared in the upstream region and high altitude. 

Therefore, we conducted aerial observation to investigate the particle number 

concentration related to NPF events. We also tried to develop of nanoparticles 

detector that the minimum size of detection of particle is as small as 1 nm.  

The gradually decreased SO2 and PM2.5 concentration were significantly 

affected the number of strong event in the last 5-year. In 2013, we observed the 

large-scale of air mass came to the site under high concentration of SO2 and PM2.5. 

However, in 2015, we only identified the weak event due to insufficient amount of 

SO2 concentration. In the last 2-year (2016-2017), the strong events were re-

appeared due to clean environmental (low concentration of PM2.5). For that reason, 

we analyzed the 5-year data of field observation at Fukue site, particularly in the 

winter-to-spring season. 



 
 

Recently, air pollutants in the East Asia released from various resources, for 

example, coal-fired power plant, industry, and anthropogenic emissions have 

influenced the environment. These emissions affected the air quality not only in the 

local area but also in the other region. They came from China, Korea, and Japan, 

transported in the long-distance, and changed the particle size distributions in the 

downstream region. This phenomenon also called as new particle formation (NPF). 

However, the mechanism of newly formed nanoparticles was incompletely 

understood. This is because those air pollutants consist of not only the gaseous 

pollutants (SO2, NOx, VOC, etc.) but also primary aerosols such as PM2.5, PM1, BC, 

and OC.  

 

 

Figure 1. Objectives of the study. 

 

Figure 1 shows the objectives of this study. In order to investigate the NPF 

events under long-range transport of polluted air, we conducted the field 

observation in Fukue Island (32.8ºN, 128.7ºE), Japan, a rural area located in the 

western coast of Kyushu, over certain period in 2013-2017. We investigated and 

analyzed the correlation between NPF and the long-range transport of air pollutants 

(①). For some case, we detected no clear initial particle formation process (>10 



 
 

nm). It seems that the photochemical events might have taken place in the upstream, 

high-altitude region before entering the Fukue site. Therefore, in order to 

investigate the atmospheric layers of freshly-formed nanoparticles, we observed the 

concentration of atmospheric nanoparticles by the aircraft (~3.7 km from the ground 

based station) to describe how the polluted air might came to the site (②). The size, 

as well as its chemical composition, of the initial nucleating species in the sub-10 

nm range was also considered as the main part to explain the NPF in the Fukue 

Island, Japan. We try to develop portable instrument which can detect atmospheric 

nanoparticles down to 1 nm in the laboratory (③). However, in the last 5-years 

(2013-2017), the level concentration of SO2 and PM2.5 tends to be decreased and it 

was influenced NPF in the downstream region (④).  

 

 

Figure 2. Overall data from Feb. 23 to Mar. 7, 2013. 

 

Figure 2 shows the overall data from the first observation period (February 

23 to March 7, 2013): (a) contour plot of the mobility size distribution, (b) total 

particle concentration (2.5 < Dp < 64 nm), (c) meteorological data (I, T, and RH), 

(d) the PM2.5 concentrations (by TEOM) and mass concentrations of chemical 



 
 

components (Cl-, NO3
-, SO4

2-, Org, and NH4
+ measured by ACSM), and (e) the SO2 

gas concentration. NPF and growth events were identified 8 times in 13 days. The 

NPF and growth were frequently observed on most of the sunny days, and the onsets 

of the NPF were identified mostly at times of peak solar radiation, or around noon 

As shown in Figure 2 (a), most of the NPF events started from 4-5 nm, which 

suggests that the particles were nucleated near the observation site. In some cases, 

however, the particle formation was detected only from mobility sizes larger than 

10 nm. By comparing the mobility-based data with the PM2.5 concentrations and 

chemical composition (Figure 2 (d)), we can glean insight into the influence of the 

long-range air pollutants on the NPF. For example, we can identify remarkable 

increases in the concentration of air pollutants, i.e., transport events, at least three 

times: on February 23, March 4, and 6-7 (Figure 2 (d) and (e)). The data on aerosol 

chemical composition on these days indicated nitrate-rich particles on March 4, 

sulfate-rich particles on February 23 and March 6, and significant amounts of co-

existing organic compounds on all three days. 

 

 

Figure 3. Classification of new particle formation (NPF). 



 
 

We classified NPF into three types based on the initial size of nucleation. In 

general these types were influenced by solar radiation, pre-existing particles, 

precursor gas (SO2), and the origin of air mass. Figure (a) to (c) are typical data for 

each type. Type-A is strong event when the NPF was observed in the morning 

(~10:00) starting from sub-10 nm and growth into several tens nanometer in few 

hours (Figure 3 (a)). As clearly seen in Figure 3 (d), type-A was identified under 

the high concentration of SO2 (>1 ppb) and low concentration of PM2.5 (<20 µg·m-

3). Those initial size of nucleation cannot observed clearly in type-B (Figure 3 (b)). 

This type identified NPF starting from 10 nm around noon (~13:00) under low 

concentration of SO2 and PM2.5 (Figure 3 (e)). When the day is no detectable 

formation and growth of new particles, we classified as type-C (Figure 3 (c)). SO2 

concentrations was scattered from low to high concentration under high 

concentration of PM2.5 (Figure 3 (f)).  

In order to investigate the atmospheric layers of freshly-formed nanoparticles, 

we conducted aerial observation in Fukue Island, Japan, ~3.7 km from the ground 

based station. The intensive observation was carried out in 4-days (Apr. 13-16, 

2017). In the early step, we observed the concentration of atmospheric nanoparticles 

starting from 6 nm with the altitude up to 1200 m.a.s.l. Noted that the altitude in the 

ground based station is 80 m. The particle number concentration (PNC) was 

measured by Water-CPC Model 3781 (TSI, Inc.) with time resolution of 2-sec. This 

low-cost WCPC uses water as condensing fluid to enlarge particles for easy 

detection by an optical detector. That instruments was carried out by kite-plane 

which is provided by Prof. M. Hayashi’s group (Fukuoka Univ.). The kite-plane 

can be controlled manually and automatically. The kite-plane was also equipped by 

meteorological sonde (T, RH, P, W.D., and W.S.) as well as GPS (Latitude, 

Longitude). 

Figure 4 shows the vertical distribution of atmospheric particle number 

concentration (PNC). Figure 4 (a) show the PNC (N, marked by color map) as a 

function of space (x, y, z) in the event day. The high concentration of particles (>104 

cm-3) was observed below 800 m in altitude. No significance number of particles in 

the high altitude (>800 m). However, insignificance number of particles was found 

in the other day (Figure 4 (b)). The PNC is around 2,000 cm-3 and it is similar with 



 
 

the ambient number of particles in the clear day. It seems that abundant number of 

particle concentration (PNC) were identified in the layer between ~200 to ~600 m 

with the peak at the altitude of ~400 m before reaching the Fukue site. 

 

 

Figure 4. Vertical distribution of atmospheric particle number concentration: (a) 

event day and (b) non-event day. 

 

We try to develop portable instrument which can detect atmospheric 

nanoparticles down to 1 nm in the laboratory. The schematic of the nanoparticle 

detector can be seen in Figure 5. There are three function of this device: (a) charging 

(②), (b) classifying (③), and (c) detecting (④ and⑤). The uncharged particles was 

introduced to the inlet (①). Then the particles were charged by the positive ions 

which is generated by the micro-plasma module. This micro-plasma could be 

controlled by the waveform of high voltage. Therefore, the particles are positively 

charged. Noted that there is an issue about the performance of this charger. The 

charged particles are subjected to electrostatic force by a uniform electric field 

formed between the parallel plates by the DC voltage (V). Only particles with a 

specific particle size will be collected by this metal plate. Ions with large mobility 

are immediately accelerated by the electric field and trapped by the metal plate (I1). 

Meanwhile, the determined size of particles were detected by I2. The large size of 

particles with a low electric mobility and uncharged particles are not captured and 

are discharged directly to the outlet. The electric charge of charged particles 

collected on a metal plate is detected as a current value by an ammeter. For example, 

if we know the concentration of atmospheric nanoparticles is around 10,000 cm-3 



 
 

and we used the flowrate of the system is 10 l/min, therefore, the current value of 

charged nanoparticles detector is 270 fA. Therefore, in principle, this portable 

instruments can be used to detect atmospheric nanoparticles with the size can be 

selected for sizes of the sub-5 nm. 

 

 

Figure 5. Schematic of nanoparticle detector. 

 

The gradually decrease of PM2.5 and SO2 was affected the number of event in 

the Fukue site. Figure 6 (a) to (d) show the daily-averaged PM2.5 concentration 

against SO2 concentration over four period in 5-years. In 2013, we observed big 

events when the level concentration of SO2 and PM2.5 almost reached 10 ppb 

(unseen in this figure) and 35 µg·m-3 respectively. However, in the last 3-years 

(2015-2017), PM2.5 concentration was relatively higher than SO2 concentration. We 

could not observe the big events on these years. The strong event (type-A) on the 

last 2-years might reflected the clean environment. It suggested that the emission 

of SO2 in upstream region was decreased due to local government have been 

controlling the emission gas, for instance, through desulphurization technologies in 

the large power plants. Therefore, the decline of SO2 concentration might be 

influenced the NPF events and growth in Fukue Island, Japan. 



 
 

 

Figure 6. Daily-averaged PM2.5 concentration against SO2 concentration in: (a) 

Feb. 23 to Mar. 7, 2013; (b) Feb. 27 to Mar. 18, 2015; (c) Feb. 27 to Mar. 25, 

2016; and (d) Jan. 28 to Apr. 19, 2017. 






