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Fig.1 Map showing Happo, Miyake island, and other locations.
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Table 1 Summary of airborne observation in Happo.

Parameters Observation periods Measurement time Sampling method Analytical method  Reference
03 July 1985 - 1 hr UV absorption
Nez Nov. 1998 - 1 hr UV fluorescence
PM10 July 2000 - 1 hr B -ray absorption
SPM, watersoluble ions 2 June 1990 - March 1993 1 month quartz fiber filter by LV IC, AA 27
EC, OC June 1990 - Dec. 1992 1 month quartz fiber filter by LV carbon analyzer 27
SOz, T-NOs May 1990 - March 1993 1 month K2COs cellulose filter by LV IC 27
Aerosol, watersoluble ions 2 4 0Oct. - 11 Oct. 1991 6 hr PTEE filter by LV IC 22
SOz 5 Nov. - 13 Nov. 1992 6 hr NazCOs cellulose filter by LV IC 22
T-NOs 28 Feb. - 17 March 1994 6 hr polyamido filter by LV IC 22
Aerosol, watersoluble ions @ July 1999 - Dec. 2003 3 hr(12:00-15:00)  PTEFE filter by tape air sampler IC 60
13 Sep. - 27 Sep. 1999 3 hr
4 Sep. - 2 Oct. 2000 4 hr
15 May - 11 June 2001 4 hr
Precipitation, components ® March 1994 - 24 hr(9:00-9:00)  wet-only precipitation collector pH meter, IC 60
a : NHq*, Na*, K*, Mg®, Ca™, SO4*, NOs, C and oxalic acid.
b : H*, NH4*, Nat, K¥, Mg®, Ca®, SO4*, NOs and CI .
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Fig. 2 Monthly variations of ozone concentrations at Happo.
——— :monthly average;
---------- : maximum of hourly average;
------------- : minimum of hourly average.
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Table 2 Average concentrations of particulate
components at Happo and Nagano from
January 1991 to December 1992.

Component Happo Nagano
p g/m*(neq./m®) p g/m®(neq./m?)

SPM 16.8 37.1

NH4* 0.87 (48) 1.65 (92)

Na* 0.09 (4) 0.27 (12)

Mg? 0.02 (2) 0.05 (4)

Ca** 0.10 (5) 0.25 (13)

S04 3.23 (68) 5.23 (109)

nss-SO4* 3.22 (67) 5.16 (108)

NOs 0.27 (4) 1.62 (26)

Cr 0.06 (2) 0.45 (13)

EC 0.74 6.16°

ocC 1.40 536"

SOz *® 1.01 4.09

T-NOs ® 1.23 5.04

T-Cl* 0.34 1.28

a Average from May 1991 to December 1992.
b Average from January 1991 to December 1991.
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Fig. 4 Monthly variations of SPM and aerosol component concentrations at Happo.
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Fig.5 Isentropic back trajectories calculated from Happo at
the 2000-m level for every day in June 1992.
Trajectories were started at 0900 JST and marks inserted

every 3 hours.
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Fig. 6 Monthly variations of /s (SO4 conversion ratio) at Happo and Nagano.



015

010

Cation (eg/mb

005

[alnly}
000 005 010 015

Anion (2 eg/

Fig. 7 lon balance in the aerosol at Happo from June
1990 to March 1993.
Line represents neutrality.
Cation: NHst+Na++Mg*+Ca™, Anion: SO4*+NOz+Cl.
@ : March-May; B : June-August;
A\ September-November; <> : December-February.

UEkH-ot-.

1991 4£ 10 A ® 1992 4£ 11 A * & 1994 £ 3 7 @
OEEBRMICE VTS 10 A, 11 HOHAETIE, 0.6
EHBZBTENZ L, RICiE 08 Zild A B HETT
Lz RG[PIEINEEEIONDIHE D -
72, 3 A 11 AICHARFE EREIT/NEVD, LI
Lidoez@a?. NHRERBICBITS A EES
i iyt oD [G K 1 oD Fs 0.35 ~ 0.55 (Fig6) IZthRT
BT EWEhoTz. o kid, HEAKTF
JEDRKIGRYBEIE KR EANO E OIS
BAMNEL, TORMIC S02 D S0 ND LAY LS
TeZRLTWVWBEEZLNS.

3ABMMMBEDOES

—MIC, RTFIRYE R OKIEMERT & F B R A
F > (S04%, NOs, Cl) OYBEBEEOME L FHKL
% - 4 > (NHa*, Na*, Kt, Mg#, Ca®) &I IF
F—HIT 2T EDHENTVE @ LhL, iE
WOREEE O TR A A HEREMNGE A BRI
FEEREFNICEZ T ENDH B, i, @RED Ox H
Bic BT E ERGRENRD SN ™. S
RARICHT B SPM DA 4 2N ¥ A% Fig 7 1SR .
FEAEDEMNRREA A VAN E D, Fig7 THWL
el A F VN DR A F Y DFENREENS. T
DFAA>DIFEALEH &EZ2 BN, SPMHIC
BHEMENFE LI L ZRB LTV S

1992 /£ 11 A & 1994 £ 3 H osfbBRNIC BT %

Bull. Nagano Environ. Conserv. Res. Inst. No.3 (2007)

A iRl 4 Uiha0RMEE 2 Fig8 Ic
AT 1992 11 AOFAE T 2RISR A ik
BB VREICHXEN o2, 5HEHD
BIEEHRSIICIEB A A VBRENG A4 UiRE XD
AT 300 neq/m* &@FNCx -7z, RBAL ViRE
MEEA A Vibm &k DRI & 5 BRI U R i
W 5 OERELZRKIGERME DR T 5 BEH
RTEHLENT® N, TOLEDRAAF > OER
& (50 ~ 100 neq/m*) kKO K&Mh-7z. F£iz, B
BB 2BFEIOENTOREN ST
1992 F 11 HOFAEHMD > 5D 5 H 6 HES
BRU1994E3HIERAA Y A4 VIBEHE,
FIE 1 THo 7z, Fig9lc 1992 4 11 H D S0+~ &
NHst DY BRE DMK Z /RS, KIBERICEK, &
¥ S04 & NHat OSFRENEFE L VEMR LICH >
7em, 11 A5 H 6 HOBME I (Figd ho@
HI) 1CiE SO MMM/ D, NH4HSOs DY 2R FE
EMREODBRENCRE T DD DR D HREE S
M LTHFEELZEEZONS.
TDEEDSOZEHEI 200 pg/miicbEL .
T D S0& WEIENTRBICH T ZEMOTIE
323 pg/m*® (Table 2) DK 7%, EWHOFE T
i 5.23 pg/m® (Table 2) OK 458 H -7z, HIC,
WEBREEL S OERBENCAFRMEDOE
FREEEE R IC BT 2 i & Z DO BB O EE (39
20 pg/m®) P L, 7EEHETH B \HFRER
IKBNT, REBHEHDERED SO~ NHBIL 7
CTERHEHENS. TOWHBIFERIC DWW TIEEIR
(3.6 f1) 9%.

35 T REMFEME

HALZE RIS K D AERCT % B Y B IS & S04~ 1L
HICNOs WMBH D, F720CRT vk DRK
WMEEERTEEEZLNZ W 22 SRR
BB T-NOs, OC, ¥ 2w BB DORHZIE,
WINORTEL 4 H~9 AlcEL, 12H~2H
WCRWEEZ(LZR L. £, TNODRDIER
1% S0& DB E &< (Fig10), #HEAGRKIZZN
ZN 0.75, 0.74, 082 (Po0i=0.54) TH > Iz.
TTTE. —RERYWETH S EC LA FERIS
&> THAERT % 0C DEERIC DOV TIRITS %,
BB PN X5 EDANARIFEO— X HFRIC BN T
WECIEENOCIDEW™ @ LUhL, \FE
WTEELAO0CHEENENM> Tz, mEMLENIS
MEATOVENW T —2 LT, —XEHFEOFE



REHREGEREVIFAFRVIZERST 3% (2007)

dio

500
. Mowvermber, 1952
*5400 M Anion
= OCation
[
= 300
o
EQOO
=
ui]
]
g5 100
O 1 1 1 1 |I'|| L 1 Il
5 G 7 B 5 10 " 12 13
300
P o | harch, 1954 B Anian
E OCation
o
L 200
E
2150 |
E
g 100 |
2
5 i
3 50
0
26 1 2 3 4 &5 &6 7 & 9 10 11 12 13 14 15 16 117

Fig.8
Cation: NHs*+Na*+Mg?*+Ca®’, Anion: SO4*+NOs+Cl".

500

{MH 1S Oy

400

300

NHE (e g A

200

100

0 100 200 300 400 500

3 042_(neq.f'm3)
Fig.9 Relationship between SO4* and NH4* at Happo
in November, 1992.
Full line indicated the relationship for (NH4)2SO4 and
NH4HSOs.
@ : 5 and 6 November.

22T OUEERISDERIEBVEEZ BN
ZlifEtioLZE (12 A~ 2 A) &1 % OC/EC
Bk, REULZARIENEATHWSEE (4 A~
8 A) O\ RO OC/EC trz b L7z, #i& D
OC/EC IR LI, iR BTG MK T & % B Hih 0.56

Date

Time variations of anion and cation concentrations at Happo in 1992 and 1994 field observation periods.

(EC:31.2 pg/m®, 0C:17.5 pg/m®) *V, FEiEiH 0.50
(EC:12.4 pg/m®, 0C620pug/m*) @, HET TH
5EW A 089 (BC:70 pg/m®, 0C62 pg/m*) T
HY, VITNEOCHEEICHXNECHRKED > 2.
THICH L, %% 1.16 ~ 324 (BCO65 ~ 154 pg/nd’,
0C:1.34 ~ 251 pg/m®) TdHH, OCEEMNEC &
DRED ST, TOEWVIGKTIERYE O E I
ISR KISIC K D OC AVER L, 1 s
FEENTL 3D EEIENS.

kIS, XKFOEHHEMICIT S > 2 v /EC
B 0063 (2 U044 pg/m®) KL, H
FONHRRICHB T 5IEEIE 022 ~083 (¥
U018 ~ 064 pg/m®) EhlxbkEL, NHRE
BRICB T BT 2T BOL I BIEERIGIC K D EK
LTWhketEAIBNS.

IS, SPMHD ZREFMEOEFEZHEE LT,
ANTRED 4 H~ 8 HIicB1F % SPM D kg o
TR FIE, NHet CF¥ET 1.29 pg/m®), nss-
SO+* (4.34 pg/m*), NOs (0.35 pg/m®) Th b,
ZofE (598 pg/m®) & —Xhi 7+ (Nat, Mg,
Ca®, Ch) Z & O T KIBHER TR 634 pg/m® D
9% BE L. FEMD (EC & 00) Hod =4



Bull. Nagano Environ. Conserv. Res. Inst. No.3 (2007)

T-MOgCp esm®)
oc {pemi)

0.

og r

04 r

02 r

Dsalic acid Cp e/m

50, (pe/mY

50, (pefm™

g0, (pemY

Fig. 10 Relationships of T-NOs, OC and oxalic acid with SO+* at Happo from June 1990 to March 1993.
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Table 3. Annual mean and two months mean of air quality just before and after the eruption of Miyakejima volcano.

Gas(ppb) Aerosol ( pg/m’) Precipitation (mg/L)?
SO: Os PM10 SOs# NO3 Cl' NH4 pH SO+# NOs CI  NH«

Annual mean

Before eruption® 0.4 52 8 25 032 0.05 085 487 081 063 028 0.14

After eruption © 1.5 53 15 3.8 033 0.03 1.12 481 136 066 036 0.18
2 months mean; from August to September

Before eruptiond 0.2 38 14 2.2 0.2 0.02 0.75 511 025 031 0.09 0.06

After eruption © 33 46 17 6.5 024 0.03 156 4.5 1.7 083 0.17 0.33

a Except pH.

b From July 1999 to June 2000, ¢ from August 2000 to July 2001, d 1999, and e 2000.

f Suspended particles less than 10 p m in diameter.
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Fig. 12 Fs (SO4* conversion ratio) at Happo in September 2000 and May and June 2001.

Arrows are air mass transported from Miyake island.
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9:00 LST on 20 September 1999 before the eruption,
and (c) at night on 30 August 2000 and (d) 14:03
LST on 30 May - 9:00 LST on 31 May 2001 after the
eruption.
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Behavior of airborne acidic and oxidative components in the central mountainous area, Japan:
long-range transport of the airborne particulate secondary pollutants from continental Asia
and effects of Miyakejima volcanic effluents on airborne particles and precipitation

Hikaru SATSUMABAYASHI

Nagano Environmental Conservation Research Institute, Environmental Conservation Division,

1978 Komemura, Amori, Nagano, 380-0944, Japan.
Abstract

The air at Happo at an altitude of 1850 m in the central mountainous region is considered to be representative of
air quality in the lower free atmosphere in far-eastern Asia. The behavior of airborne acidic and oxidative components
in a mountainous area was investigated. A special attention was paid on the seasonal and diurnal variations of the
secondary particulate. The sampling site was Happo in the central mountainous region of Japan.

Sulfate was the most abundant particulate and accounted for 20% of the suspended particulate mater(SPM), followed
by organic carbon (OC, 8% ), NH4+* (5% ) and elemental carbon (EC, 4% ). The concentrations of SO4* were much higher
from April to July than those from October to March, and these variations were similar to those of ozone, suggesting
that almost all of the SO4* was produced by the photo-oxidation of SOz and transported long distances. The ion balance
between cations (NH4*, Na*, Mg? and Ca?*) and anions (S04+*, NOs and CI") tended toward anion excess, and equivalent
concentrations of SO4* were much higher than those of NHa*. These results suggest that a portion of the SO4* existed
in the form of acidic aerosols such as H2SO4 and NH4HSO4. Backward trajectory analysis suggested that the air
pollutants in this mountainous area were transported not only from other regions of Japan, but also from continental
Asia. Seasonal variations of T-NOs (total nitrate in gaseous and particulate matter), OC and oxalic acid concentrations
were similar to those of ozone and SO4+* and the correlation coefficients with SO4* were positive. These findings
suggest that those components were produced by photochemical reactions.

Miyakejima volcano, which is located in the northwest Pacific Ocean and 200 km south of the Tokyo Metropolitan
area, began to erupt on 8 July 2000. Its SOz emission amounted to a maximum 6 X 10* ton/day, which was about the
same level as the anthropogenic emission of China (54,800 ton/day) and twenty times larger than that of Japan (3,120
ton/day). When the volcanic plume was transported directly, the concentrations of SOz and aerosol SO4* increased
simultaneously and reached maxima of 200 and 40 p g/m’ , respectively. During their transportation, SOz was
converted to SO4#. The conversion rate was 1.0% /hr on average and was about two times faster in the daytime than at
night. In contrast, aerosol concentrations of NOs™ and Cl" decreased under the influence of volcanic effluents. This was
caused by the excess amount of SO4* formation. That is, the produced SO4* at first exhausted gaseous ammonia to form
(NH4)2SO4 aerosol and then, driving out NOs™ and CI, it took their place in the aerosol and sometimes existed as sulfuric
acid mist after exhausting ammonia. It made the aerosol acidic; that is, pH values in the aerosol were less than 1, and
sulfate was partitioned into SO4* and HSOa4". These facts were explained successfully by a multicomponent gas-aerosol
equilibrium. The expelled HNOs and HCI might be deposited more intensively both by wet and dry deposition processes

and might accelerate the environmental acidification in addition to the acidification by volcanic sulfate.

Key words: photochemical reaction, air pollution, aerosol, precipitation, sulfate, volcanic effects, Miyakejima, long-rang

transport, mountainous area
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