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Fig.1 Map of East Asia showing Happo Ridge, Miyakejima Island and other locations. 
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Table 1 Gas-aerosol partitioning before and after the onset of the eruption at Happo Ridge.

Table 2 Annual mean and bimonthly mean concentrations of components in gas, aerosol and precipitation before and 

after the onset of the eruption (measured at Happo Ridge). 

(3) ,

,

,

,

,

,

 10-2  10-4 (cm s-1)

,

4 cm s-1

(Hauglustaine et al., 1994) ,

,

 2.1 105, 727 mol l-1 atm-1 ,

 (1.23 0.01 mol l-1 atm-1)

 (Seinfeld and Pandis, 1998)

,

Table 2 

 ( )  ( ) ,

, ,

, ,

, 2 2

,

, , ,

0.55, 0.03, 0.08 mg l-1 2

 1.45, 0.52, 0.08 mg l-1

3.2 HSO4
-

,



Fig. 2 Scatter diagram showing measured and simulated 

monthly mean concentrations of nitrogen oxides (NOx = 

NO + NO2). Data are plotted for 6 stations: Rishiri ( ,

45.08 N, 141.34 E, 40m MSL), Tappi ( , 41.53 N, 

140.54 E, 106m MSL), Happo (*, 36.58 N, 137.40 E,

1850m MSL), Oki (-, 36.28 N, 133.18 E, 90m MSL), 

Yusuhara ( , 32.73 N, 132.98 E, 225m MSL) and Hedo 

( , 26.78 N, 128.23 E, 50m MSL), as indicated in Fig. 
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simulation results. 
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Fig. 4 Scatter diagram showing measured and simulated 

monthly mean concentrations of ozone.  

Network in East Asia; 

) , 2000 9

2001 6 10

Fig. 1 ,

,  ( , 45.08 N, 

141.34 E, 40m MSL),  ( , 41.53 N, 140.54 E,

106m MSL),  (*, 36.58 N, 137.40 E, 1850m 

MSL),  (-, 36.28 N, 133.18 E, 90m MSL), 

( , 32.73 N, 132.98 E, 225m MSL),  ( , 26.78

N, 128.23 E, 50m MSL) 6 6

10 60

,

, ,

2

Fig. 3 

, Fig. 3a 

2000 10 2001 3 6 ,

Fig. 3b 2001 1 2001 6

6 1 ,

,

,

,

4.2

,

, Fig. 4 Fig. 

5 Fig. 4 Fig. 2 ,

2001 1 , ,

2

Fig. 5 Variation in ozone concentration at (a) Happo and 

(b) Hedo (daily average) 

Fig. 5 6  (a) , (b)

,

,

, Fig. 5a

Fig. 5b 2000 12

2001 2 ,

,

4.3 Na+

,

,

, , ,

,

 ( (1)) 

,

Fig. 6 2001 3

2001 8 6 ,

Na+ ,

,

5.

5.1

,

,

, ,



Fig. 6 Variation in sodium ion concentration at Happo Ridge (daily average). 

Fig. 7 Monthly mean sulfate concentrations ( g m-3) originating from the Miyakejima Volcano in the lower troposphere 

in October 2000, January 2001, April and July. [1] Northeast Japan (NEJ), 139-142 E, 37-40 N, [2] west Japan (WJ), 

132-135 E, 33-36 N, and [3] northwest Pacific Ocean (NWP), 142-145 E, 32-35 N. 
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Fig. 8 (Left) Increase in nitric acid gas concentration ( g m-3) and (right) decrease in particulate nitrate concentration in 

the lower troposphere (monthly average). (Upper) October 2000, (lower) April 2001. 
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Fig. 9 Increase in monthly mean dry deposition of nitrate (mg m-2 d-1).
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Fig. 10 Increase in monthly mean wet deposition of nitrate (mg m-2 d-1).
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Fig. 11 Increase in monthly mean dry deposition of chloride (mg m-2 d-1).
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Fig. 12 Increase in monthly mean wet deposition of chloride (mg m-2 d-1).
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Table 3 Increase in monthly and areal mean dry and wet deposition of sulfate, nitrate and chloride in areas 1 to 3 

 (Fig. 7). 
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Fig. 13 Concentrations of aerosol compositions and the 

pH value of aerosols as highly concentrated aqueous 

solutions in ideal, internal mixed, NH4-SO4-H2O system. 

[SO4] varies 0.05-5 mol. m-3 but other conditions are 

fixed (20 C, 95%, [NH3]=2 mol m-3).
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Fig. 14 Relationships of the pH value of aerosols and the 

SO4
2- fraction under various relative humidity in the 

NH4-SO4-H2O system. Other conditions are set in the 

same manner as Fig. 13 (20 C, [NH3]=2 mol m-3, [SO4]

varies 0.05-5 mol m-3).
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Increase in nitrate and chloride deposition in East Asia due to increased sulfate 

associated with the eruption of the Miyakejima Volcano 

Mizuo KAJINO, Hiromasa UEDA, Hikaru SATSUMABAYASHI*

* Nagano Environmental Conservation Research Institute 

Synopsis 

The eruption of Miyakejima Volcano has resulted in the emission of large amounts of sulfur dioxide. The 

volumes of sulfur dioxide emitted were vast. Short-time aerosol sampling, conducted at the Happo Ridge, 

has revealed that the abundant volcanic sulfate resulted in the expulsion of non-volcanic nitrate and chloride 

in aerosols into the gas phase. As the deposition velocities of gaseous nitrate and chloride are much higher 

than those in aerosols, the deposition of them should be accelerated. This additional deposition is referred to 

as "indirect acidification" in this study, corresponding to "direct acidification" by the deposition of volcanic 

sulfate. This indirect acidification is estimated quantitatively using a regional-scale Eulerian aerosol 

transport model. 

Keywords : Volcanic eruption; gas-aerosol partitioning; indirect acidification; aerosol chemical transport 

model; ground-based air quality observation


