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SolAlol AL FE53 kg siel AAl AFom 4+ U LAdELES v
ZFotal vk ofAlof A9 SO F MlE =2 1990l 337 Tgo &2 wl=r3} 7ivt
thH24 Tg)Rthe ¥al, FH@7 Te)rRths WS ez vehda 9t 53 ¢
T STol F 222 Tge wiEsto] obrJob AA vi=E2] 66 %5, Hhao® Ql&=7t
44 Tgl & 13%E A sl= Ao 2 Yetvbar AvHArndt et al, 1998; Foell et
al, 1995). &= olxJolx] o] SOy HlEFS AP 47%= F7hske] 19974 <
46.4 Tg, 20203o+= H] 80 ~ 110 Tg7HA] 571 % IS Aoz o=
A H(Foell et al, 1995). ol TAFS 20108 7+

Fl

1997). 53] solrol I7tE FolAE T obA R oluX Y diRiEs AR
o9& i o SO.Z HlE3a vk Akimoto 5(1994)2] A7to] <&}
A T2 vid 10 Tgo & S0 FHE wiEste] sotAol A9 SO, H=
2o 86%E AA|etE Ao R HIHI Qoh T AZF 224 Tgo ZAE NOx
o FH = wEsto] Fobrlof A9 NOx #l=&9 69%5 AAsts Ao=m F4
g vk ATHE Y, 2004).

a8y FH 5o SO, HlE S 1990t xvte] dSdd AyeteE oAk o

AS Hola gtk ofAJol Aol o]itksks) W& 1990 34 Tgeoll Al 1997
doll 464 Tg AEZ 7te Aoz oAtk (Foell et al, 1995). 11}
Streets &9 Ed® ATFolA = 19903 1997 SO, Fwi=E==Fo] 2H7; 33.7 Tg
3} 392 Tgo & AT ¢F 22 % ALE7F S715te] o dET 16% AE $+2 A+
& Hola Qlrh o] A, ofAlol A9 SO, wjE o] 80~110 Tge=2 =
A S7Fd Aolgt= 1990dd] Zwbe] oS Ayel= e, 2020d7b4 40~45

Aol ZF7be 2F X 9uH(Street et al., 2000). A WF A A 2}
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T71e Aoz FAHHAGE 5, 2002). SOz9 #lE =2 19959 o] % 2020
7HAL oF 22~40% A% Tkl ZAAR, NOx &% oF 122% B=7A F71
Aol o Fo] e al AArk(Streets and waldhoff, 2000).
ofrlol thF S T & A 9AT fEvets A F 9 rledE
Aol ks wWol Wil gk ofAlo} thFolA WA Z4F | dEES A
L olgste] Rk ] de] B IS WA= AR yEha
HE 50 olHH FAY olwdte dVLAELY dFS XASH] f1F AT
7F 9d #F7ts 7+e] €A A (trans-boundary) W71 AdE4 33 Hrp 2 g
£ 98 FAHL A
S ygtel = olefs €44 "riledEde] #S 9 HutE f&, T,
AEH A 1997 dFH FEoPAo} A FAg olFeAEHd HE A
TE gk 2883l 9l thH(Hatakeyama et al., 2001, 1997). 3t-% -4 &7 2 o]
5 ATFAFA(LTP, Long-range Trans-boundary Air Pollutants

in Northeast Asia)< s5olA oA dI7|ed=4d AT olsdAdE 83,
ol FFo=E #Esty] st HEHow FFa vk 2004 10€o T AFd

2

| AF A7z - F - A LTP F5ATAM glofellAE T59 td, 29
7], @] AFE 4 5 370l Fog 8/ AFAA NE E AF Ve
A(S0s, NOo, O3 PMy, PMzs) 54 235 Exs3H. o

3 Bt SEutetel A EHE WA Szt

= 2
9BH00E A=t THo2HE o]Fd Aew FASA Ut (FHSG AT,
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2004).

SotAlol A GollA diVedEAe A olFdds ] gk A
=225 U9k Kenting, <32 Kato-Crooked Island, <=r¢] Waliguang
Monutain, ¥¥2] Okinawa 53 &7 gy r= AF=7F Aggs oz
Fola Aok AFEE FHEEQ 100 km ©]%, T %= 500 km o]/, diEd+=
250 km o] HolA i AA A o] A9 gle HFAA ot 53
T3 AR Tl 1AL oA FHoA A FAY olFHE Wl
=49 gts FHrlst=d ol fFElet 2UE& 2EE3 Y Zhang et al, 2004;

Carmichael et al., 1997, Akimoto and Natria, 1994).



Hol 7A=Y A ol HHMA AFEolA FIE FATE
A2 1991 9€ 9 PEM-West A, 19943 2€ ¢ PEM-West B, 2001l
F3¥ ACE-Asia 5°] QAHH(ACE-Asia Project Prospectus, 2001). % 2005 3
AHEH = dolrlol A oA TAstE 7L AEHLY A ol s A5
&3 ABC Z2AEVF UNEPY F3# slol @3 Fol 2t (Atmospheric Brown
Clouds Gosan Campaign, 2007; 7233 5, 2007; $9A % 2006 =345 %,
2006, Kim et al., 2005, Huebert et al., 2003; Tu et al, 2003; Bates et al,
2002).
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th S 4 d@Fde 5% 279 AHoly AuE ZtFQla, g oy Wid=
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(1) High Volume Tape Sampler

TSP(total suspended particulate) o2& A5+ U KIMOTO ElectricA}
o A A 23+ high volume tape sampler (model 195A)S Al-&3o] A3 3 o}
o] sampleri= roll type2] polytetrafluoroethylene (PTFE) 2 ¥ (polytetrafluoro-
ethylene, 100 mm x 10 m)& AF&3le] AHEHORE Al5&E AAL F A+ A&
Alz=golm Az o] AAAZS o2 24T & d= timer/t F2EHO

Sampler= 749 ZHolY Wi HAlstR iz, Fd&dH(He]l 7 m, W7 38

6
& AAY & AEs AAAQL o W FY ¥ f4e 2GRS O

170 L/min°] ¥ =% A3}t

(2) Ton Chromatograph
o el FQ Yol E Fol& HEELS DIONEXAFS] model DX-500

1=

ion chromatograph®t MetrohmA}F2] Modula Ion Chromatograph& Ab-&3fe] &



A5kt o] wf EEg AHL Sol2 A9 Jonpac AGAA-SC ¥ Metrohm
Metrosep A-SUPP-4 ###S %Uo]2 EAo= Metrohm Metrosep Cation

1-2-6 8 &S AE39 3, A E7]+= conductivity detectorE AF-E-3}3 T}

F8A Yol AHE F NH, < indophenol® # ion chromatography< H &)

stel  E243}1 31, indophenolH & 3 =92~ KONTRONAF2model UVIKON
860 UV-Visible spectrophotometerE A}-&3}%1 o}

2. Q7I00I2ZE AR AF LU 24

1) TSP dloj2& Alg A3
ooj 2% A&+ high volume tape sampler®t PTFE (polytetrafluoroethyl-
ene) ZEE AL&3Fe] 1997 3EFE 200610 12€7hA] 24A17F @912 F 1,288
NE AAGAT. 2L ol5 F Aol 3 mm o3l ERE AF 1,077
i

o ARE ogadt AR A

TEA AR AL AEE TSP do2&2 oets 02 mL=E JA-AI7 &
Zg 50 mLE 7hetel 23k AlF 7oA 3083 84 AEe &E5th
aglar Az K& 7] (shaker) ol A 1A1F &<F X&3te] 84 ARES &3]
&Zotth o wW &7]+ 125 mL &% HDPE® (Nalgene)s AH&3tdith &

=92 045 pymZEH (Whatman, PVDF syringe filter, 13 mm)Z &84 YA =



AL F e ol W ol& MG AR o gttt
(@) F84 A B

qolaEd ¢844 &S 2ETE AMESY] & AT 287 AFE 2Y
of %<4 50 mLE 7}shar, ZSupA| 2] 7oA 3027 tHA] vortex mixerol] A
oF 1AIZF x"ete] 844 AES §FA1 T &95 045 ym membrane filter
2 oHste] oA A& ARRE o]&strh 2001 o] H7AE Na, K,

F =W (GBC, model Avanta-P)2. 2, NHy &
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=
2,
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indophenol®} .2 ®A35l9lth = SO, NOy, Cl &°]2< jon chromatography
H(Dionex, model DX-500)°.2 ZA43}%a, #A4x712 IonPac AG4A-SC/
IonPac AS4A-SC column, 1.0 mL/min flow rate, 50 uL injection volume, 2.4
mM NaxCOs3 / 2.25 mM NaHCOj3 eluent®]th, 221} 20013 o] FH-EE EE %o

23} §9°]<5 ion chromatography (Metrohm, model Modula IC)2. 2 & Aol

A

2819t o] ICE 2709l Metrohm Modula ICSF autosamplerE & Ao A2 A
1 AN="lo®m A8EE 13 FYote] ol Fol2g FAd #4F + U=
2 A 9l NHy, Na', K, Ca®’, Mg® <o]£e Metrohm Modula IC
(907 IC pump, 732 IC detector)E& AF&35t] Metrohm Metrosep Cation 1-2-6
column, 1.0 mL/min flow rate, 20 pL injection volume, 4.0 mM tartaric acid/
1.0 mM pyridine-2,6-dicarboxylic acid eluent®] Z71oZ RBA3 4Tt T SO,
NO;, Cl 9] Metrohm Modula ICE A}83te] Metrohm Metrosep
A-SUPP-4 column, 1.0 mL/min flow rate, 100 ul injection volume, 1.8 mM
NaHCOs3/1.7 mM NasCOs eluent, 0.1% H>SOs suppressor solution®] ZZA o =2
wAE A o] W o] AdE FAE fg ICY AEdAC Ao AXHRSD)=

Table 13} Zt}.

Table 1. Method detection limit and RSD for IC analysis. (n=5)

+

Species NH, Na' K' Ca®* Mg~ SO/ NO;  CI
MDL(ug/L) 2.4 1.8 7.8 4.8 3.8 9.6 105 48
RSD (%) 43 1.6 5.4 0.9 14 49 16 3.8




1. TSP O Z &S| =4

qoA=E Ax= JAel wet v=2Ank of 50% F=7t
dEol Stk FRE ol dRYol G wE, dATE
i, ol gk A FaAl o] Tolth olF &4 Frlol¢l SOS
NOs; & t7] Fo2 HE¥ SO0:9 NOx 7| A ¥ (gas particle) =& &
A (gas or aqueous) Abstel]l ols] AT o2 A AAH FabdA AidS
WA A o2 HySOs, NHHSO,s (NH)3H(SOs)2, HNOs, HNO; 52 #Z2 23 24
EA= olFofx gt 1ga Fe Al Bl & o9y gshukes AH AL
Aug fEeta, 5 AT A FAHoNA $AFY 9T S di(olmd T,
1995).

2 dFoA e AFE LAHA
ANAZ &= 1,2887] Azl s
F#Fo] 3 mmolHe A8EE ALF F 1077702 TSP ooj2F AEE yido
22 FEE nustgla, 1 A= Table 29 Figure 1~49] YeERATH B4 2

ol G AAAG He ;Ao £ AR T AAYA F

.

ol A 1997 3€H-H 20061 12¥7+A] 10d7E

o
=}
T84 RS BAsgn aga o FelA 2

T8 A v ddE(non-sea salt)e] F=E AN
e oA Na 2 Ao sidelA frajecty 7HA st

Gtk 2Ear sjgol A 2 RS 2AHE o]&ste] & AR M
Ad sEE AxEATh FolAM nss-SO,~ & H# YD (non-sea salt) SO ¢ ¥ %
2, 80,79 F wEAA dldel fH"E SO wEE W Felth(lnss
SO,” 1[S04 1-[Na'1x0.251'¢] Aol 98] Al nss-Ca” Al Hl&ld Ca®' 9 &
=2 gl fralE Ca”'e FE2 W gtolth ([nss-Ca®1=[Ca’]-[Na']1x0.04
o] Aol o&f A4 (Ho et al, 2003; Nishikawa et al., 1991).

& 10770 Almel el ZF AR wEE dEE dus] B Ax A7z
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T %X nss-SOS (656 pg/m’) > Na'(2.03 pg/m') >
NO3 (2.01 pg/m’) > Cl'(1.78 pug/m’) > NH4 (1.67 pg/m’) > nss—-Ca” (0.46 ug/m')
> K'(040 pg/m') > Mg2+(0.30 ng/m) O %2, nss-S04 9 % 2(6.56+4.87 u

g/m’)7t 74 B dEgt o5 ARES Aoz FAzke] A9H 79

o] nss-Ca® AFo] T2 AR HF =& Z7l&S B9, NH,, NOsj,
nss-SO~ AEEL ol Hla) AhH o e Z718S woth 9 u oA

nss-Ca®” AEL 2001 39 2290l 937 pg/mZ 7F4 =931, nss-SO,4 . NHy
AR 2006 102 1729 zHzF 40.93, 16.62 ng/m’, NO; AL 20024 1€ 42
1346 pg/m'= 7} =4 YErth

E3 ol ARES HAV|YERE nws] B TSP oloj22e] &4 AR
T2 A94 719 AENHS, NOs, nss-SO/ )50 695%= 714 =& &

S e 28w ggorE 9 7199 AR (Na, Mg®, Cl)E°] 27.9%,
B 719 A (nss-Ca’)o] 2.6%<] staFs B tH(Figure 4). o]#d AAZ B

o} AtolAe] TSP o2& Q194 7¥9 d&S 71 2ol 21 glor,

A% 5o Pz FAAge] YAt AARA, QA Agol Aze FFL
A3, o] ololzE AAe Fad 4uL drh Ed FAY AR PR of
nE: AU EAstd AHHoR W A e FRA/A, BHHoRE:

2!
759 SRR AFote] AgEAtel] FEFe WA= Aowm FAMH I vt
(Koch, 2001; Charlson et al., 1991; Prospero, 1999).

NO3 GAl 123 2 9E40 NOJH st & A4 AdH= 24 . 9E
SO ¥ PhR7bA 2 iR A9 29l o8] wAH T NOs o TAe T
stal AR AME Y wEo] 2, W, Ak Y g T fE¥er
EAQ AN LAEHDH( AR T, 1994). A AR Ado 3

52k FolA slEE NOxe o8] 7HA 538 =8, 3849 g8 AAH 7t~

aly
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Table 2. Mean concentrations of the water-soluble components of TSP

aerosols for 10 years between 1997 and 2006.

Concentrations (ug/m®)

Components

S.D. Median Max Min

Mean

1.52 1.25 16.62 0.00

1.67

NH,

1239 1.64 10.39 0.04

2.03

Na'

0.36 0.30 > 4 0.00

0.40

0.27 0.23 3.93 0.00

0.30

Mg**

0.83 0.21 9.37 0.00

0.46

2
nss—-Ca”™’

2.01 1.74 1.50 13.46 0.00

NOs

2.14 0.87 17.17 0.00

1.78

Cl

4.87 5.40 40.93 0.00

6.56

nss-S0,4




45

- - - - NH4+ nss-SO42-

36

27 1

Concentration(ug/if)

Figure 1. Daily variations of nss-SOs” and NH,  concentrations

between March 1997 and December 2006.

— - -nss-Ca?+ = NO3-

10 i

Conomtlmion(ug/n}l)

_ mmﬂmw @

m\\

Figure 2. Daily variations of NOs; and nss-Ca®" concentrations

between March 1997 and December 2006.
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Figure 3. Comparison of the mean concentrations of water-soluble

components in TSP aerosols.
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Figure 4. Constitutive ratio (%) of anthropogenic, marine

and soilborne components in TSP aerosols.
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2 oAFE TP 109 5QH1997AFH 20061 7FA]) 8 TSP ti7]oloj =&
Watar, 2 A3E Table 33 Figure 5~99
JERATE o] 7]zte] e HFFEE AEEE Hluws 2 A3} nss-SO
= 2006 > 2005 > 1998 > 2000 > 2002 > 1997 > 1999 > 2001 > 2004 > 2003
£S5 UERYITh = NO; £ 2006 > 2002 > 2001 > 2000 > 2004 > 1999
>1998 >2003 > 2005 > 1997, NH, & 2006 > 2005 > 2002 > 2000 > 1998 >
2003 >2004 > 1997 >2001 > 1999¢] +& Rt Y oEFHE Ee
nss—Ca”& 2001 > 2002 > 1998 > 2000 > 1999 > 1997 > 2005 > 2006 >
2004 > 2003¢] £ nss-SOf, NO;, NH,/ 7 v & dxd vx w3
g eI
ol dojEEe] Fa F8A AEE FoA nss-SOL S 1997dHH 20061
7R 1097 FiF 656 pg/mE 7 =8 HEE ey agn dxdE
= 7ztz} 655, 6.84, 6.32, 6.70, 6.04, 6.64, 491, 5.73, 7.17, 8.80 pg/m'E 20061 %=
o 7b4 ¥, FHHoR 2003dd 2 AFES BT FEoAF tried

A &g F5aA S7reta g, B9, 489 @4 3 0 & o) F

32

=

th 283 FofAlol A e SO0 wiEFS 19969 S PR 1 FU =V
oha kel Ao FAME I QIUH(gERA 5, 2004; Street et al., 2003). 5
2000 S 7o ® oo A e SO, FTHIEEFS 34940 GgolH, 53] T=9
W& 20,753 Ggo 2 ofrlol HaAl wiE=e 60%, FoFAlobA
90%%E A 8kal 9l tH(Carmichael, 2003). ©] &g+ o]F & FolArlo} A
A=A AAY olF A= =7 Fad AckdA o, ol tig
gpetat ek A 2 E A Yol A9 1990 ZRERE A F

N
A8 FHOE degBA ALY o5A Y] #F AT ALHoE &

(ile

%) 31 Y} ( Hatakeyama et al., 2001, 1997, 1995 ).

B AT A= Figure 63} Figure 7oA B¢l A3} o] 1997333 E 2006
Abolel 10d7F nss-SO,° FEE 2 W32 JehlA @ Aoz A
Ao A B Eo] nss-SOS FEE 19973 E 2002974 A<l H] e

o
b



S Hola 13, 2003 tha ol trl thA]l 2004 F-E 200613 = THA] A
e o aEla 10d3ke] Fr1A WEs HE, FAd9 7
A<

sHAl S7tekal eSS & 4 AJAtH(Figure 7

w3 SO A gEA A9A 7Y R NOs < B9, 10d7ke] it
w1 201 pg/me YERAQT 28z 19979 R E 20069074 AEE Fri
747k 1.38, 1.98, 2.03, 2.15, 2.16, 2.29, 1.73, 2.07, 1.71, 2.60 pg/m =, 20063 7

-

A =51, 199730 e 7S Rl nss-SO.S I} B S8 WE ASS Holu 9l
Aoz ZAESY. 28y 1037 AA A WAEs FAHE EW, Figure 74
B

1
o] 71€717} 0.04932. % nss-SO,* ol wla tf @utst F7 FAE YeEpa
ATk E NH, A2 10d3F 1.67 ng/m 9 Hdses B 28x Id=d
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747} 043, 059, 0.45, 0.47, 0.85, 0.69, 0.23, 0.23, 0.34, 0.33 pg/m'® e =
g o] 7]z F 2001 085 pg/m=E wE7F 7P a1, 200333 2004 ol
023 pg/m= 7 e HFEE HATh B nss-SO,S, NOs, NH o H3) A%
12 ¢ 2 #4442 wolu Jut. ol YAL nss-Ca’'ol F2 EFYAA
7= Qi A GRS AA W] " AR FA G 2001l
nss-Ca®' ¢l BE7F 4 B ol A A5k b2 slel sl g Wk,

Ao BEE B97] BE 1 GPOE R/ a4 3 Ao man,

Table 3. Concentrations of water—soluble components in TSP aerosols during

the year of 1997 and 2006.

Concentrations (ug/m’)

Year N 4 . 2+ 24 2- - -
NH; Na K nss-Ca” Mg~ nss-SO4,~ NOs (I

1997 156, 4374y .53 0.43 0.24 6.55 1.38 145
1998 156 188 048 0.59 0.27 6.84 1.98 162
1999 131 195 041 0.45 0.30 6.32 203 191
2000 164 191 0.38 0.47 0.27 6.70 215 171
2001 136 271  0.35 0.85 0.34 6.04 216 248
2002 165 206 0.40 0.69 0.36 6.67 229 223
2003 140 163 0.31 0.23 0.21 491 1.73  1.36
2004 140 184 0.36 0.23 0.36 5.73 207 156
2005 205 272 037 0.34 0.30 717 171 194
2006 298 212 044 0.33 0.36 8.80 260 165
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Figure 5. Yearly comparison of the total concentrations of water—

soluble components between 1997 and 2006.

0.9 10
s K+ Bz Mg2+ E= nss-Ca?+

08 | —a— NH4+ —m— NO3- —@— nss-SO42- 1°9
0.7 8
~ 7§
“B 0.6 2
) =4
= 6 ke
2 0.5 §
.g g
E > 8
S 04 g
o
g t e
o o
S 03 3 3
pos CII)
00 1]
0.2 | g

0.0 L % % 0

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 6. Yearly comparison of the mean concentrations of

water—soluble components between 1997 and 2006

_15_



18
nss-S0,> y=0.09x + 6.0754
R?=0.0724
~ 12 -
£
>
g
c
: [
g d { l T d
8 6 f \
g ‘
0 . . . . . . . . .
P 0P o P P P P
Year
5
NO,  Yy=0.0493x+ 1.7392
4l R®=0.1942
T i’
E
3 s}
c
i
(%
1=
O 1 - 1 1
\991 ,\99% '\999 7900
Year
6
NH,* y=0.1094x + 1.0676
R®=0.422
T I
E 4
S8
C
S
Iy
C
8
82
o . . . . . . . . .
B I A S AP P
Year

Figure 7. Long-term variations of nss-SO,*, NOs, and NH,'

concentrations between 1997 and 2006.
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Figure 9. Yearly comparison of the compositions of anthropogenic

and soilborne components in TSP aerosols.
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Table 4. Seasonal concentrations of water—soluble components in TSP aerosols.

Season Statistics

Concentration (ng/m’)

+

nss—

nss—

NH, Na K G Mg” sor Nos cr

Mean 183 201 049 085 036 737 283 198

SD. 145 147 039 132 035 489 220 243

Spring Median 141 161 038 040 027 58 218 094
Max 1249 1039 245 937 393 3827 1060 17.17

Min 000 008 004 000 001 1.03 012 005

Mean 168 177 027 014 021 647 120 114

S.D. 153 137 029 015 015 527 089 154

Summer Median 125 142 017 010 018 539 100 051
Max 900 885 228 104 118 3253 660 885

Min 007 004 000 000 000 024 003 003

Mean 157 210 040 033 027 597 167 176

S.D. 182 130 034 043 021 517 1.09 200

Fall Median 107 179 030 021 023 48 143 095
Max 1662 917 273 449 245 4093 876 11.10

Min 024 033 000 000 000 000 000 004

Mean 159 223 042 041 035 630 214 218

S.D. 118 138 036 048 027 382 1.8 229

Winter Median 134 196 033 023 028 559 163 129
Max 830 766 228 319 1.87 1878 1346 1457

Min 022 013 001 000 000 073 006 000
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Figure 11. Seasonal comparison of the compositions of

anthropogenic and soilborne components

in TSP aerosols.
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Figure 12. Seasonal variations of nss-SOs” and NH, concentrations.
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Figure 13. Seasonal variations of NOs and nss-Ca®" concentrations.
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Table 5. Monthy concentrations of water—soluble components in TSP aerosols
during the of 1997 and 2006.
Concentrations (ng/m’)

Vot e e © Go Me" SP. Noy o Cl
Jan 191 2.63 0.45 0.47 0.39 7.06 2.25 2.17
Fed 1.73 2.02 0.44 0.44 0.37 6.71 2.48 1.92
Mar 1.99 2.37 0.57 0.92 0.38 7.79 3.10 2.80
Apr 1.64 1.93 0.47 1.04 0.41 7.06 3.06 1.86
May 1.94 1.58 0.39 0.35 0.22 7.29 191 0.88
Jun 289 %9 0.40 0.18 0.18 8.01 1.34 0.57
Jul 1.45 1.95 0.16 0.09 0.23 5P 1.22 1.45
Aug 1.18 2.20 0.21 0.14 0.23 4.98 0.99 1.58
Sep 1.38 2.09 0.32 0.22 0.24 5.53 1.15 1.68
Oct 1.82 2.18 0.42 0.35 0.29 6.53 1.85 1.68
Nov 1.43 2.02 0.44 0.39 0.29 ik 1.87 191
Dec 1.28 2.07 0.40 0.35 0.30 5.51 1.85 1.91
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Figure 14. Monthly variations of nss-SO4 and NH*" concentrations

between 1997 and 2006.
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Figure 15. Monthly variations of NOs; and nss-Ca”" concentrations

between 1997 and 2006.
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Figure 16. Monthly variations of major water—soluble

components in TSP aerosols.
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A4 AREY T 5 BRAT 990 AA FA S dAAIF) P

nxa = Ao R Baixial 9 tH(Huebert et al., 1998).
k

AFEs =S 100 km ©]%, S5 3= 500 km o4, d&3+= 250 km ©]
oA o AA AR e ol A gl FAAAIY. 2P L HdEH 0

B AT AL oleg AFE naH el A 103 AT TSP ool 2E A4
Bo) BE B4 ARE Jzz @ WA JFE AU 19973 5E
3 mm ol4el 492 Asd = 10774 AR FolA FAb

b mgA Qo) s 247t 55709 1022700l Utk el T olelst FAtsh )
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Table 6. Concentrations (ng/m’') of the water—soluble aerosol components
in Asian Dust (AD) and Non-Asian Dust (NAD) storm days
during the year of 1997 and 2006.

AD NAD
Components AD/NAD
Mean=SD Mean+=SD
NH," 1.69+1.55 1.67+1.52 1.0
Na’ 2.84+£1.88 1.99+1.35 14
K 0.60+0.36 0.39+£0.35 15
nss—Ca®’ 2.44+2.34 0.35+0.46 6.9
Mg?' 0.65+0.61 0.28+0.22 2.3
nss-SO. 8.26£5.15 06.47+4.84 1.3
NOs; 4.43+2.86 1.88+1.56 2.4
Cl 3.98+3.42 1.66+1.99 2.4
15
 Asian Dust
O Non Aisan Dust
glo -
£,
sl

NH4+ Na+

K+

NO3- CH

nss-Ca*+ nss-SO42-

Figure 18. Comparison of the concentrations of water—soluble
components between Asian Dust and Non-Asian Dust
storm days.
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Figure 19. Constitutive ratio of anthropogenic, marine
and soilborne components in TSP aerosols
during Asian Dust storm periods.
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Figure 20. Constitutive ratio of anthropogenic, marine
and soilborne components in TSP aerosols
during Non-Asian Dust storm periods.
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o] =7} oW HNOs;2 NaCli whg-sle] iAol Hg sk NaNO;S A

dstAH(Wall et al, 1988), ©+& i d &< MgCly, CaClot w837 %= gt}
(Andreae and Crutzen, 1997). T HNO3S E =} CaCOsz3 ¥Fg&to] Xt <]

A A NO; 92 AT & Jth(Pakkanen et al, 1996; Plate and
Schulz, 1997, Zhuang et al., 1999a; Yao et al., 2003).
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Figure 21. Cross correlations between nss—SOf*, NOs;, NH4 and
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nss-Ca” components.
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Table 7. Annual and seasonal comparison of seawater enrichment factors.

(CX/CNa+)Acrosol / (CX/CN3+ )Scawatcr

Seawater
X :
ratio Annual Spring Summer  Fall Winter

SO~ 0.25 14.6 18.8 125 10.7 11.3

Cl 1.80 0.5 0.6 0.4 0.5 0.6
Mg 0.12 1.2 15 1.0 1.0 1.2
Ca”' 0.04 7.1 11.3 19 4.8 49

K’ 0.04 5.6 7.8 3.7 5.3 4.8
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Figure 22. 5-Day back trajectories corresponding to high (left) and
low (right) 5% of sulfate concentrations.
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Figure 23. 5-Day back trajectories corresponding to high (left) and
low (right) 5% of nitrate concentrations.
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Figure 24. 5-Day back trajectories corresponding to high (left) and
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Figure 25. 5-Day back trajectories corresponding to high (left) and
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ABSTRACT

The total 1,077 TSP (total suspended particles) aerosols were collected at the
Gosan area, Jeju Island during the year of 1997 and 2006, and analyzed
water—soluble components, in order to investigate the long-term variation of
sulfate nitrate concentrations and understand the characteristics of air pollution.
The concentrations of the water—soluble components of TSP aerosols were in
the order of nss-SO& > Na' > NOs > ClI° > NH; > nss-Ca” > K > Mg”
during the study. The concentrations of NOs had been increased rather
smoothly compared to that of SO during the past 10 years in study, and this
indicates the change of recent energy usage pattern in China. The
concentrations of nss-SO,° were high in spring, especially in June, and low in
fall, and those of NOs; were high in spring, especially in March, and low in
summer. The concentrations of nss-Ca® were 6.1 times higher in spring
compared to summer, which could be reasoned by the Asian Dust storm effect.
The concentrations of most aerosol components were increased during the Asian
Dust period, and the concentrations of nss—CaZﬁ NOs , and nss-SO4” were 6.9,
2.4, and 1.3 times higher respectively than those of the Non-Asian Dust periods.
The backward trajectory analysis has shown that the concentrations of the
anthropogenic nss—SOJZ*, NOs3, NH, and the soil originated nss-Ca®" have been
increased when the air parcels were moved from the Asia continent, on the
other hand, they have been decreased when the air parcels were moved from

the Northern Pacific into Gosan area.
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