
ABSTRACT A thick foggy weather and worst visibility in Fukuoka, Japan and Busan, 
South Korea occurred from the late July to early August 2020 due to the Nishinoshima 
volcanic eruption. In this study, an intensive measurement was made to clarify the chem-
ical nature of the ambient particulate matter (PM) and rain water collected in Fukuoka 
and Busan during the Nishinoshima volcanic eruption (episode period) and non-erup-
tion (non-episode period). In this study, one week after volcanic eruption, which record-
ed the usual PM concentration, was defined as the non-episode period. Compared to 
non-episode period, the PM2.5 concentration during the episode period increased 4.32 
times in Busan and 6.03 times in Fukuoka. The sulfur and chlorine concentrations in the 
total suspended particles (TSP) and rainwater of episode period were particularly higher 
than those of non-episode period. The sulfate concentration in PM2.5 was 1.81 and 27.98 

µg/m3 in non-episode and episode periods, respectively. The sulfate concentration dur-
ing the episode period accounted for 55.4% of PM2.5

 (50.45 µg/m3). Strong correlation 
between trace elements in TSP and those in rainwater during the episode period indi-
cates that the volcanic ashes could be incorporated into raindrops.
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1. INTRODUCTION

In Kyushu, Japan, a thick smog was observed unusually in many areas from late 
July to early August 2020. During this period, due to foggy weather, the visibility 
has dropped to around 7 km in most Kyushu regions. During this period, the con
centration of ambient PM was also recorded as a fairly high concentration. 

In spring, visibility is often bad due to the influx of Asian dust storm and PM from 
China, but it is rarely common to get worse in summer. Furthermore, this unusual 
phenomenon also occurred in Busan, South Korea close to Kyushu during the  
same period.

According to the research groups of Fukuoka University and Yamanashi Univer
sity, the reason of the high concentration of PM in Kyushu was the volcanic eruption 
of Nishinoshima (The fukudaism on Aug. 7, 2020). They reported that a ground  
observation showed a significant increase in the concentrations of PM2.5 and sulfur 
dioxide (SO2). PM2.5 refers to particles that have diameter less than 2.5 micrometres 
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and remain suspended in the air for a long time. Further
more, the observations by the Light Detection And Rang
ing (LIDAR) installed at Fukuoka University showed that 
PM2.5 was increasing near the surface of the earth (at an 
altitude of less than 2 km). Many aspherical particles that 
are considered mineral particles were also observed (The 
fukudaism on Aug. 7, 2020).

Japan is one of the countries with many volcanoes in 
the world and has suffered many volcanic disasters in 
the past. According to the Japan Meteorological Agency 

( JMA), which is always focused on observing volcanic 
activity with the volcano observation system nation
wide, there were 110 active volcanoes in Japan (Yamasa
to, 2005).

One of the most active volcanoes in Japan recently is 
Nishinoshima (27°14′49″N, 140°52′28″E). It is located 
in the Pacific Ocean (Fig. 1), about 1,000 km from 
Tokyo and 130 km from Chichijima. It belongs to the 
ShichijimaIwo Jima ridge, which is the same geographi
cal elevation as the IwoJima Islands, and undersea volca
nic activity of Nishinoshima is active in the vicinity. 
Before the eruption, Nishinoshima was a small island of 
the area of 0.29 km2 and elevation of 25 m, however after 
several largescale eruptions its main body had a huge 
edifice rising 4,000 m from the sea floor and a diameter 
of 30 km. 

Generally, volcanic gas contains usually hot water 
vapor, but its components also contain several acidic 
gases like carbon dioxide (CO2), SO2, hydrogen sulfide 

(H2S), hydrogen chloride (HCl), and hydrogen fluoride 

(HF). These gases can be attached to volcanic ash during 
the eruption or generate secondary PM while floating in 
the atmosphere (Gilbert et al., 1991). 

Volcanic ash may have different health hazards com
pared to general ambient PM. Since Horton and McCal 

din’s first report in 1964, many researchers have reported 
on the health hazards of volcanic ash (Forbes et al., 2003; 
Buist et al., 1983; Craighead et al., 1983). The irritation 
of the lining of the airways by fine volcanic PM can cause 
cough, breathlessness, chest tightness, and wheezing 

(Horwell and Baxter, 2006). Moreover, the electrical 
charges of volcanic PM may affect reactions in the lung 

(Williamson et al., 2001). 
This article focused on clarifying the chemical nature 

of ambient PM and rain water collected in Fukuoka and 
Busan during the Nishinoshima volcanic eruption.

2. MATERIALS AND METHODS

2. 1  Monitored Data
The onehour interval data of PM2.5 and PM10 in Fuku 

oka and Busan were subject to evaluation. They were 
measured at the air quality monitoring stations (AQMSs)  
of the Kashii (33°40′22″N, 130°26′18″E), Fukuoka and 
the Sinhang (35°07′45″N, 128°83′43″E), Busan, respec
tively from Aug. 1 to Aug. 15, 2020. The two AQMSs are 
the closest among other Fukuoka and Busan AQMSs 
with a straight distance of 215 km.

2. 2  Collection of TSP and Rain Water
To clarify the chemical properties of the PM related to 

volcanic eruption, the TSP samples were collected dur
ing the volcanic eruption (on Aug. 6) and noneruption 

(on Sep. 1) periods, respectively. The ambient TSP was 
collected using a onestage filter pack sampler equipped 
with quartz filter (47 mm in diameter).

Moreover, the precipitations fell during the volcanic 
eruption (on Aug. 7) and the period unrelated to the vol
canic eruption (on Sep. 2) were collected. Rainwater was 
collected using a glass pluviometer (Toyo Co., 8065) 
consisted of reservoir basket, reservoir bottle, and body. 
Prior to sampling, this pluviometer was cleaned with 
1,1,1trichloroethane.

The samplings of TSP and rainwater were carried out 
on the rooftop of a fourstory building (a height of 15 m 
above ground level) (33°40′N, 130°26′E) at Fukuoka 
Women’s University in Fukuoka City. It is located about 
400 meters away from the Kashii AQMS.

2. 3   Pretreatment and Analysis of TSP and 
Rainwater

Before analyzing, the agitated rainwater samples were 
passed through a nylon filter (Gelman, Nylasorb) with 5 

Fig. 1. The plumes of the Nisinojoshima volcano (27°14′49″N, 
140°52′28″E), and volcanic eruptions (bottom right) on Aug. 4.



Effect of the Eruption of Nishinoshima Volcano on Air Quality

www.asianjae.org      3

μm pore size, to remove impurities. A solution of HNO3 
mixed with H2O2 was employed in digesting of TSP and 
rainwater samples in microwave digestion system. 

The elemental concentrations of TSP and rainwater 
were determined by an Inductively Coupled Plasma 
Mass Spectrometry (ICPMS) (Agelint technologies Co., 
Agelint 7700 Series). Digested liquid samples are intro
duced into the carrier gas (argon) by a nebulizer. The 
analyte ions are transported by the argon and focused by 
a series of ion lenses into a quadrupole mass analyzer; the 
ions are then separated as a function of their mass/charge 
ratio.

3. RESULTS AND DISCUSSION

3.1 Volcanic Gas Captured by Satellites
Fig. 1 shows the plumes of the Nishinoshima vol 

cano, and volcanic eruptions (bottom right) on Aug. 4. 
This satellite’s photograph was taken by the Japanese wea 
ther satellite, Himawari8 and provided by the CIRA/
RAMMB/Japan Meteorological Agency (ZDNet Korea, 
2020). According to the satellite’s image, after the volca
nic eruption, the volcanic plume flowed southwest at 

first. Then, the Nishinoshima’s volcanic plume flowed 
into the Korean Strait between Busan and Fukuoka by 
the Typhoon Hagupit that was moving strongly north
ward at that time.

Fig. 2 shows the volcanic SO2 moving detected by the 
Support to Aviation Control Service (SACS) multisen
sors system (three verticals on the left). The SACS host
ed by the Royal Belgian Institute for Space Aeronomy 

(BIRAIASB) and initiated by the European Space Agen
cy (ESA) (https://sacs.aeronomie.be/). As shown in Fig. 
2, the distribution of SO2 was also consistent with the 
volcanic plume shown in Fig. 1.

The Chollian Satellite 2B, which went into space to 
observe Korea’s air quality, also detected volcanic SO2 
from Nishinoshima coming near the Korean Peninsula 

(right side of Fig. 2) (Asian economy on Nov. 18, 2020).
The result of the NOAA’s HYSPLIT (https://www.arl.

noaa.gov) forward trajectories at 500, 1,000, 1,500 m alti
tudes for 3 days from Aug. 2 was also displayed in Fig. 2. 
The result of forward trajectories also confirms the path 
of volcanic SO2 moving.

Figs. 1 and 2 show that the Nishinoshima volcanic gas 
was passing through the volcanic area of Kyushu and 
Okinawa. Therefore, it was possible that the volcanic gas 

Fig. 2. The volcanic SO2 moving detected by the Support to Aviation Control Service (SACS) multisensors system (five verticals on the 
left) and the Chollian Satellite 2B (right) with the HYSPLIT forward trajectories. 
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generated from Kyushu Okinawa joined the flow of the 
Nishinoshima’s volcanic plume toward Fukuoka and 
Busan. Mori et al. (2013) reported that Sakurajima and 
Suwanosejima volcanoes located in Kyushu and Oki nawa 
emitted more than 100 ton/day of SO2 throughout their 
32year study period.

3. 2   Variations of PM10 and PM2.5 in Fukuoka  
and Busan 

Fig. 3 shows the hourly variations of PM10 and PM2.5 
measured in Fukuoka and Busan from Aug. 1 to 15. In 
both cities, PM concentrations increased sharply from 
Aug. 2, and high concentrations continued until Aug. 7. 
During the high concentration period, relatively higher 
PM concentrations were observed in Fukuoka than in 
Busan. The reason is that Fukuoka, which is relatively 
close to Nishinoshima, was more affected. On Aug. 4, 
there was little difference in PM concentrations between 
Fukuoka and Busan due to the increase in PM concen
tration in Busan. The increase in PM in Busan on this 
day might have been due to temporary local emissions in 
addition to the impact of the Nishinoshima eruption.

In Busan, the average concentrations of PM2.5 during 
the episode period and nonepisode period were 31.5 

µg/m3 and 7.3 µg/m3 respectively. Meanwhile, their con
centrations in Fukuoka were observed at 37.8 µg/m3 and 
6.3 µg/m3 respectively. Compared to nonepisode peri
od, the PM2.5 concentration during the episode period 
increased 4.32 times in Busan and 6.03 times in Fukuoka. 

There are reports that the SO2 halflife extends from 

1.9 to 69 hours (Lusis et al., 1978; Mezaros et al., 1977). 
Thus, the episodically high SO2 concentration over the 
Korean Strait (Fig. 2) could be affected by volcanic SO2 
dispersion. In addition, this SO2 formed secondary parti
cles, resulting in a significant increase in the concentra
tion of PM2.5 in the two cities.

Like PM2.5, in the case of PM10, its concentration of 
Busan and Fukuoka was higher during the episode period  
than nonepisode period, but the amount of increase 

(3.35 times in Busan and 4.07 times in Fukuoka) was 
lower than that of PM2.5. 

The correlations between Fukuoka and Busan for the 
hourly measured PM2.5 and PM10 during episode and 
nonepisode periods were shown in Fig. 4. While there 
was no correlation during nonepisode, the correlation 
coefficients (R) between the two regions for both PM10 
and PM2.5 during the episode period were high with 
Rvalue of 0.73. This result tells us that, during the epi
sode period, both regions were affected by volcanic erup
tions at the same time, resulting in increased concentra
tions of PM2.5 and PM10. Meanwhile, during the nonepi
sode period (the period of background PM concentra
tion) from Aug. 8 to 15, both regions were only influ
enced by their local emission sources, but there were no 
other effects such as volcanic eruption and Asian Conti
nent. 

3. 3   Elemental Concentration of the TSP and  
Rain Collected at Fukuoka 

Fig. 5 shows the elemental concentration of the TSP 

Fig. 3. Hourly variations of PM10 (top) and PM2.5 (bottom) measured in Fukuoka (Kashii) and Busan (Sinhang) from Aug. 1 to 15. 
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collected at Fukuoka on episode and nonepisode days. 
Compared to the sulfur concentration with 0.3 µg/m3  
on nonepisode day, that of episode day increased to 7.5 

µg/m3. The concentration of chlorine also increased by 
about 2.6 times on the episode day. Volcanic gases are 
generally mostly water vapor, but they also include CO2, 
SO2, H2S, HCl, and HF (Textor, 2003). These gaseous 
components adhere to volcanic ash during eruption. 

Among trace elemental components, Mn and Br were 
found relatively high on the episode day. Mn is one of the 
main components of volcanic ashes. Gerlach (2004) 
reported that for arc volcanoes, halogen emissions were 
represented by about 0.84% HCl, 0.061% HF, 0.0025% 
HBr.

Meanwhile, the concentration of some trace heavy 
metals, including Cu and Zn, was rather high on the 
nonepisode day (Sep. 1). It is known that these heavy 
metals are mostly emitted from lubricant oil, brake lin

ings, and tire wear of poorly maintained old vehicles 

(Shah et al., 2012). Depending on the wind direction,  
it may be said that the trace elements of the TSP collec 
ted on the nonepisode day might have been affected by 
roads and/or automobiles because the Kashii sampling 
site is adjacent to the urban highway and National Route 
3.

Fig. 6 shows the elemental concentrations of the rains 
collected at Fukuoka on the episode and nonepisode 
days. The elemental components of rainwater collected 
in both periods also showed the similar results as TSP, 
i.e., S, Cl, Mn, and Br showed significantly higher con
centrations during the episode than nonepisode period.

Fig. 7 shows the regression scatter plot of the trace ele
ments in TSP versus those in rain measured in Fukuoka 
during episode. The correlation was evaluated only for 
trace elements, excluding the major components detect
ed regardless of volcanoes. As shown in Fig. 7, a very 
high correlation has been proven between the water

Fig. 4. Correlationships between Fukuoka and Busan for hourly measured PM2.5 and PM10 during episode (left) and nonepisode period 

(right). 

Fig. 5. Elemental concentration of the TSP collected at Fukuoka 

(Kashii) on episode and nonepisode days.

Fig. 6. Elemental concentrations of the rains collected at Fukuoka 
on episode and nonepisode days.
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insoluble trace elements of two samples, i.e., rainwater 
and TSP. This suggests that despite the waterinsoluble 
volcanic particles containing trace elements, they were 
effectively removed from the atmosphere by rainfall.

The waterinsoluble fresh volcanic particles can be 
turned hydrophilic by a large amount of water vapor that 
erupts at the same time (Horwell et al., 2003). Even if 
they do not turn into hydrophilic, they are often coated 
with water soluble compounds during an elevation to 
high altitude or a longdistance transportation. Finally, 
they can act as cloud condensation nuclei (CCN) and 
can be incorporated into raindrops below the cloud base.

3. 4   Ionic and Carbonaceous Components  
in PM2.5 Measured in Busan

Fig. 8 shows the ionic and carbonaceous components 
in PM2.5, and PM2.5 mass concentration measured in 
Busan (Sinhang) on the episode (Aug. 4) and nonepi
sode (Aug. 8) days. 

Among the ionic components, ammonium and sulfate 
were detected relatively high during the episode day. 
Ammonium recorded 1.8 µg/m3 on the episode day, 
which is 2.7 times higher than that on nonepisode (0.7 

µg/m3) day. Meanwhile, sulfate concentration was 1.81 
and 27.98 µg/m3 on nonepisode and episode days, 
respectively. During the episode day, sulfate accounted 
for as much as 92% of all ions as shown in the pie chart 
inside Fig. 8. This sulfate concentration (28.0 µg/m3) 
accounted for 55.4% of PM2.5

 (50.5 µg/m3).
Aritonang et al. (2018) reported that the volcanic gas 

of Mount Merapi in Indonesia contained about 0.3% 
NH3. Therefore, ammonium and sulfate ions, which 

were detected relatively abundantly in the PM2.5 on the 
episode period in this study, might be originated from 
the secondary particles which were chemically formed 
by the volcanic ammonia and sulfur dioxide. And as 
mentioned earlier, sulfuric acid adsorbed from the gases 
in the volcanic plume (Gilbert et al., 1991) can be pres
ent on the surface of PM. Therefore, this might also be 
one of the reasons for the high content rate of sulfate in 
PM2.5 in this study.

Volcanic sulfurbearing gases (mainly SO2, H2S, and 
COS) have an impact on the climate of the Earth’s lower 
atmosphere or troposphere because they form sulfate 
aerosols that increase the reflection of incoming solar 
radiation (Rap et al., 2013). 

Although it is not the main purpose of this paper, the 
enormously increased sulfate particles during the epi
sode period (15 times higher than nonepisode) would 
have temporarily given Busan and Fukuoka a local cool
ing effect.

4. CONCLUSIONS

In this study, the chemical properties of atmospheric 
PM and rainwater collected during the period of abnor
mally thick fog and worst visibility due to the volcanic 

Fig. 7. Regression scatter plot of the trace elements in TSP versus 
those in rain measured in Fukuoka during episode.

Fig. 8. Ionic species and carbonaceous components in PM2.5, and 
PM2.5 mass concentration measured in Busan (Sinhang) on epi
sode ( volcano eruption) (Aug. 4) and nonepisode (Aug. 8). 
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eruption of Nishinoshima were evaluated. According to 
the results of this study, it can be concluded that in addi
tion to the artificial and natural PM of the Asian conti
nent that always affect East Asian air quality, the unex
pected influx of volcanic plume from far away Pacific 
islands has become a new factor in East Asian air quality. 
Therefore, appropriate measures and solutions for volca
nic PM that are much more harmful to health than gen
eral atmospheric PM should also be taken in the recep
tor areas. In addition, as revealed in this study, the studies 
on the effect of volcanic PM with unusually high sulfuric 
components on local cooling effect should also be con
ducted.
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