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ABSTRACT

The total 571 samples of precipitation fallen during the period of 1997 to 2003
were collected at the 1100 Site of Mt. Halla and Jeju City, and the major soluble
ions were analyzed. The analytical reliabilities of the sample data by three different
methods were in the range of 0.958 ~ 0.989, showing a good linear relationship.
The volume-weighted mean pH was 4.88 and 4.81, and the volume-weighted mean
electric conductivity was 13.1 uS/cm and 20.9 uS/cm at the 1100 Site and Jeju City,
respectively. The volume-weighted mean concentrations of precipitation components
at the 1100 Site were in the order of CI”>Na' > nss-SO,~ >NH, >H' >NO; >
Mg” > nss-Ca” > K'>HCOO >CHsCOO >F >CH;SOs, and those at Jeju City
were in the order of Na > Cl” > nss-SO4 > NH, > NO; > H' > Mg® > nss-Ca’®” >
K" > HCOO > CH3COO >F > CH3SOs3, showing relatively high concentrations of
Na' and Cl at Jeju Island. The ionic strengths of the precipitation at the 1100 Site
and Jeju City were 0.15 £0.16 mM and 0.21 £ 0.19 mM, respectively. The contents of
seasalt components(Na', Mg%, Cl) at the 1100 Site were 45.8 % of cations and
42.1 % of anions, and those at Jeju City were 63.6 % of cations and 59.3 % of
anions. The seasonal comparison of the precipitation components showed high
concentrations of NOs, nss-Ca”, nss-SOs” in winter and spring seasons,
indicating a reasonable possibility of long range transport of those pollutants from
China. The correlation coefficient between Na' and Cl was 0.93 ~ 0.98, indicating
an introduction to the aerosol in Jeju area as NaCl form. Similarly, the high
correlation coefficients of NOs nssfSOf*, and NH; indicates the existence of
(NH4)2SO4 and (NH4)NOs, neutralizing the precipitation components each other. The
acidification of nss-SOs* and NOs; anions at the 1100 Site and Jeju City showed
90.4 % and 91.0 %, respectively, and the free acidity was in the range of 304 % ~
40.9 %. The factor analysis showed oceanic(47.6 %) > soil and anthropogenic(18.2 %)
> biogenic(9.5 %) at the 1100 Site, and oceanic(37.6 %) > anthropogenic(17.2 %) >

biogenic and soil(12.0 %) at Jeju City. The backward trajectory analysis for the



precipitation having high nss-SO,° and NO; concentrations showed South China >
Mongolia = North China = Pacific > Korea > Japan at the 1100 Site, and South China
> Mongolia > Pacific > Japan > North China = Korea at Jeju City, indicating high

influx of aerosol from China and Mongolia.
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2) Atomic Absorption Spectrophotometer

§4 Fole 4

oY

}3 =4 (GBCAL, model Avanta-P)E A}

% % ]":IT'E"

A

E‘l E T &)
f3lo] BEA61 1L, atomizers 10cm® 5cm slot length® burner headES AM&31%1 2

™, Na, K, Ca, Mg-% single hollow cathode lamp& A}-&3}1

3) Ion Chromatograph

HE F8 gl B ol AEES DIONEXAHS] model DX-500 ion
chromatograph®} MetrohmAte] Modula ion chromatograph (907 IC Pump, 732 IC
Detector)E& Ab&sto]l EAstdnt. e o2 A& 48 ZAHS Fol 4
Ionpac AG4A-SC % Metrohm Metrosep A-SUPP-4, %fo]& FAlo]= Metrohm
Metrosep Cation 1-2-6 3] #& AFESA 1, F7]14H(F, HCOO, CH:COO, CHs:SOs )
B Ao = JonPac AGIl1/IonPac AS11 8]3-S AFgslgow, A%7]|= conductivity

detectorE A}-&3FA .

4) UV-Visible Spectrophtometer
F8A Yol AHE = NH, 2 indophenol® # ion chromatography'S H 33}
2319 3, indophenol¥ & 93] =92 KONTRONAFS] model UVIKONS60

UV-Visible spectrophotometers A}-& 3}

5) pH Meter ¥ Conductivity Meter

HE9 pH+= "= ORIONAF Model 920A pH Meter 2 ORION Combination pH
Ross Electrode(Model 8013)& Ah&stel SAstdth 3 A7 d=%+= v= YSI
IncorporatedAt2] Model 34 2 YSI Incorporated Model 3403 A=, 18] dE TOA
Ake] Model CM-11P % TOA Model CVP-101P =& Ab&3te] 435k th



3. A= AH 2 w2

D 7 Alsel A

grebat 1100 274 9] A Alges A ddAbe] 2 SL-4-001 A& A3 7] (57 U
7 253 mm)E AHEske] 19979 3€HE 20039 12¢97hA tie 69 HA o ® AH A
i, o 7zt gt F 232709 ARE AFHSAE. AFA da AR A AFHE
iR gEt A% Sado A5FAAVIE AAE 19979 59 o]l FE A
712 ) A (even)® AASAI, 19973 695 20039 129744 AFAH 7
2 Abgste] w) FedE AFsoen, 2 A8 £ 36970tk B Aol Algd

A5 ARE F EA40A AAD E AR F 5UF oWE W S48 AR A9
1

—

100 224 = 22470, AFA A9 47TME AFESEAT. F SA LA A A

stRem, oju Alfi= pHY AV|AEE FHE, o2 AE E4E 74 2 MSA
B8 5 VAR BEFAA RAsgn
2) A Alge] B4

W) pHE AEE Ade e 23

=
PE hottle AF&)sta HWHE AEHRE F2oga] ek 23 ~25C Lo 2 243

< pH Meters &3] 43Tt = FA] F4o] oy Afoles Al5E &3
T -20C Weael BvadYgst A A Ao 23 ~25To] FH=FE S3AA A
t}. pH Meter= T3 OrionAtell Al Al z3%F pH 4.10(25 C), pH 697 (25 C) HE8 <
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A71AEE 9A pH 54 Aol £33 AI8E A&t oigf 23 ~25TC &0

5 A% § FAsAI, FA FAHC] oy Agole -20C Wi wmagl
7l =4 Ao 23~25To] HEE ffAA AE3A T Conductivity meters
1.0x10°M KCl €9 (o] 2A%% = 25 Coll A 146.8uS/cm)3 5.0x10 *M KCl &9 (o]
EHEE = 25 ColA 738uS/cm)< AH&3dte] wgl 717] BAS AN F AHEEES
olwj KCl ¥8 92 Aldrich Al 13 EEF A1 (99.99 %) =& (17.8 MBS A

gtol APl 2A s} At

3) o], F714F 2 MSA 4
(1) SO/, NOs,Cl 9] 24

Ao o] A delA We Bad AaE 24 Aol 4T WA &3l

NO;,Cl €01 &% ion chromatography Mo & HAJo] AT 2001d Z7HA &=
DionexAF] Dionex-500 IC % TonPac AG4A-SC/IonPac AS4A-SC £ #& A&3)
o ZoleS EAEY A, 2001d % o] Foli= MetrohmAte] Modula IC ¥ Metrohm
Metrosep A-SUPP-4 &2 &S AFE3lo] #4183}t o] W Dionex-500 IC2] &o]-2
EXZ2HAL flow rate = 1.0 mL/min, sample volume = 50 pL, eluent = 2.4 mM NazCOs3
/225 mM NaHCOs¢|™, Modula IC +4 %72 flow rate =1.0mL/min, injection
volume = 100 uL, eluent =1.8mM NaHCOs3/1.7mM Na:COs, suppressor solution =
0.1 % HzSOs°] .

(2) F,HCOO", CH5COO", CH3S05 9] +4

20 CAlA Y& Hask A5E 4TCTYFIE %A 5 % ion chromatography ™
o8 #Astath ICE DX-500 % IonPac AGll/ IonPac AS11 2 ¥, ASRS (SRS
100 mA suppressor), Conductivity Detector (range = 1 uS)S A}g3g o, IC X%
A& flow rate = 25 mL/min, sample volume =25 L, eluent = 0.25 mM NaOH¥} 5mM
NaOHelt}. o] u &AL 7|87 £2 ¥ (gradient elution)S A E 3, H S 557+

0.25mM NaOH< 25mlL/ming £E% &8 1 o]0 48 %< 5mM NaOHS &8+
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o2 AgsA 78 ol 0.25mM NaOHS E#HFQY (Andreae et al, 1987 ;
Hofmann et al., 1997 ; Jaffrezo et al., 1993). AR ] Al&3 TEFgAe ¥ F
HCOO, CH3COO, CH3SO; &+ 10, 50, 100, 200 pg/Lol™, =g o529 UE
}1\_]__

=
FE ®

rir
tlo
B

o Zo] AP ANA ZA AT Andreae et al., 1987).

4) ol &4
NH/,Na', K, Ca”, Mg"” 5 84 Folee Fol&d e Z5Aas
24 At #48Y of F Na,K',Ca’',Mg" Fol&e dAFIF=Po =

ARl 1000 ppm & H& &5 AHES)

Table 1. Instrumental conditions for AAS analysis.

AAS Na' K' Ca® Mg*

Fuel Gas CoHo/Air CoHo/Air N-O/C-Hs CoHo/Air

Slot Lengh 10 cm 10 cm 5cm 5cm
Detection = o0 im 7665nm  4227nm 5852 nm
Wavelength

$3#H NH; = Indophenol Ho 2 EAsldom, A58l 5mLE 433 FHalar, o
7]l phenol nitroprusside &< 25ml, sodium hypochlorite &< 25mLE 7}ste] 2
AN ZL F 2] -TPAI A BB B A S ALEEe] 640 nm 3ol A A FE-A] sl T

gy 20019 % o FREE

i

E 9o]23 Zo|2% jon chromatography™ o =
Z Ao BEAsATE ICE 2719 Metrohm Modula IC9 autosampler® EA]oll 14 A
2l Alz"lo 2 ARE 13 FYste] Fol7 Fol&s sAlo #48 F& J=s +

AE 9tk NHy, Na’, K, Ca”, Mg> 9] %o]2L Metrohm Modula IC (907 IC Pump,
732 IC Detector, and Metrohm Metrosep Cation 1-2-6 column)E A}-&34] flow
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rate = 1.0 mL/min, injection volume =20ulL, eluent=4.0mM tartaric acid /1.0 mM
pyridine-2,6-dicarboxylic acid®] Z7A oz ®BAsgon, SO, NO;,Cl So]ee
Metrohm Modula IC 9+ A-SUPP-4 Z2]l#& AREsle] StellA 7]ad xdow &4
Esg
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T2 HrbskAdu (o] B, 1999; A4 5, 1994; Miles et al., 1982 ). Aol A Ci= o]
= 19 FX(ug/mL), Zi= ol io FEFF, Wiv o] 19 H&olm, me Fol9] F,

ne ol golel Folh

TCation = ﬁ Ci ZZ/W

RE ol FREE)

aYz=2 ZAS A3E Figure 1o 3HA|

| &8l RE o]RES tF BASAE FAAT Aol o]Folzl
, K, Ca”', Mg”'¢] %¥o]23 SO, NO;, Cl, HCO;

CH;COO , HCOO | F, CH3S0s & &ol&Ee d&] dol2 dHdFsie T Fol
Fswe] §o 78 A% FuAs 0F dek 1100 mA s AFA A B

9733} 09779 #HE dEhAT £ Oz gigds Holus HE, &

U B goae] oapoll 718k Azt AVE Lolr ] 9ste] FolL r
Sol2 TR HAAF (% imbalance) S ZAFSIL, 1 AHZ Table 20 &3}
(Ayers et al., 1991).

Figure 1014 ®to] & AFo] &4 dHeolHe HdAF o= JdAs7E 0973 ~
0977¢] W5 Ho F Fgro] Adge] w3
A dlolete] AF vt wig Fod Aor HrbEAnh g 24 dolee] 4k A%
£ g8zl #18ke] (Teation Tanion)/Teation® Hl&& 78+ Teaiontel ¥AE Figure
20 Al SiEh. AntH o g A A HolEte] it 055 V=SR2 0503
A o, 5 o5 #ANA (Tcation Tanion)/ Tcaion® #ol 052k Wl ol & # &
A dleolgte] AE=rF o Aow deA v (A 5, 1994). old 059 V&
274 Ao met AshrlRve Ak AgrEA e wEbd R A=
gt AR Galloway 52 2371 AoA 10%= A AL Adsdonyd 1
ol Aol E B %= AAsta o, 54 Ao A Fotet=d Tt 8l
o™ i h3lsl= Aol dwkH otk (Liken et al., 1987, Galloway et al., 1978). ¥ <

20
o

mm

rlo

ol

s
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Table 2. Data quality control (QC) parameters and % imbalance

Regression result % imbalance
1100 Site
Number of point 224 <10% imbalance 114
Slope 0.912 109%-20% imbalance 41
Intercept 1.538 20%-50% imbalance 55
Correlation coefficient(r) 0.973 >50% imbalance 14
Jeju City
Number of point 347 <10% imbalance 218
Slope 0.895 109%6-20% imbalance 57
Intercept 7.794 20%-50% imbalance 62
Correlation coefficient(r)  0.977 >50% imbalance 10

* 96 imbalance = (Tcation*TAnion)Xloo / O.5X(Tcation+TAnmn)
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Table 3. List of equations for the calculation of conductivity and acid fraction.

Equation Unit Meanig
0=[H Theqrr +2 [TonJegiteqi uS/cm Electric conductivity
ZeAn = Zwe,Ae, IJS/Cm X
! 7o Conc.-weighted average
— equivalent conductivit
A eca Z wquA eqp I-IS/Cm q y
— [‘IJr _ Zé‘ (m+ ZZ An . .
AF="1a = (—a )q 4 _: I — Acid fraction
[ H+ ] eqy edqca
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2. 4 e =4

1) 74 A

JRe) x4 W

A

gebik 1100 LA oF AlFAl A F el A 1997d =58 2003 @7kA] A FH g
242y 22470, 347708 A AlmEel el pH ® AV EEE SAsa, fald F8
AEES ZHT IS Table 40 FF58Ar FoA 1100 A ek A=A Ao H
o F=i pH 4 AdRHE AN, HCOy ¢ s [HCO; 1= 10199
#AA A s AL AT Avila, 1996, #7 5, 1994; Stumm et al, 1981). X
nss-SO,” & nss-Ca” & W& &4t (non-sea salt sulfate)¥ H819 ZH45 (non-sea
salt calcium)o.2 th&o] 2] 93] AAE  gholth (Seto et al, 2000). 2 oA
[nss-SO4" 1, [ nss—Ca”], [SOs” 1, [Ca” ], [Na'l& 7t 9] %% (eq/L)E LFEFAITE

[nss-SO.% ] = [SO2T - 0.121 x [Na'l
[nss-Ca*1 = [Ca*] = 0121 x [Na']

49 Aol F97kERE s pHE 1100 A4 oF AlFA] A Fell A 2H2; 488, 4.819]
T2 UWHS & F AbT = F AHAA S8
13.1pS/cm, 209 pS/cme] S BYal, AFA A9
o Axm7F WlwA E=A delgked, ol kil 1100 Aol wls] AFA] A o]
sjetztel A AAA dE JYAF B FYHo o] NG Axme] FIFS
= Ao 7 FAATH(EAH, 1998, Hansen et al., 19382; Pack, 1980).

T8 S AEEY ZHFEEE vud] By ek 1100 X914 Cl > Na' >
nss-S0,% > NHy > H' > NO3 > Mg® > nss-Ca’’ > K >HCOO > CH;COO >F >
CH3SO;, AFA AYGelA  Na' >Cl >nss-SO, >NH; >NO; >H > Mg” >
nss—Ca® > K’ > HCOO > CH;COO >F > CH;S0; ¢ 402 et Table 4).
Fe ARE T MY S BEES B ALS F Ao BF Cl I Na'o2 AFE

Ao e dAACRE Y dFs ol Wi AFES & F UMY o=

nss-SO , NH, H,NO; 59 J#50] & »EE tehiglsd, oE 425 o
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FE QIZke] gEel] oa] MAEo] Y] Fom FYE= tHEAS d9H 1L 4
o7 A4#Z nss-Ca’ o] A4 o
B oES s UeddY 22y ols AEEY Al sk Rk 1100 azA o H]
3l AFA Ao H w2 =S YERAL, 53] sld7]9e Cl, Na'9] Fk&+=

duifer o Z AolE BAvk Wl v A& 7714 (HCOO, CHaCOO )@l

M
il
o
)
I
)
o
(o
fr
rr
e
1o
il
Jz
i
Jo
=4
)
rr
pask

FE= 100 ~ 1.9 peq/Le] #ts HAlaL, o] s A ekt 1100 A Bk A5
Al Aol A 25 H =2 FEE UehUlE oz 2AEA 3 s fs
= Ao 7 4# W MSA (methane sulfonic acid) A9 2% dak4F 1100 A & A+
A Aol A 7H2E 0077 0.04 eq/LE o} e HEE vhe

g SHERAE 1100 AR &F AlFA] A9 Za A AadE S A 231 k|
= AF @A 5 1999), 1811 9] Hong Kong, Hiroshima, Patras (Tanner, 1999)
oA e A A At vasded, AT A9 T AEd £, 959 &

T Aol mle) EA FAT Aow gAH. o5 Al HE dwrHow

=
32
o

Lo
do
o

71909 SO, NOs ,\NH, A#E9 w=7F v whde] a9 71919 Na',Cl
Mg FARGE 231 A A9 SFEOE 42 S JEdddY aga F
219l 9 2e] Hiroshima, ~12]22] Patras¢} Blus] 2 A3} thA]| 4 os AFA s} o]
Aol A A9 A edEAY] FErb v vhd el 1100 A AgelAe E
TRV e AFEE B ol9el 19930 =, AR Far, dinke] FholAlo}
of, 2E]a 2001l - Bepde] oy HAg A HI wA] Aol A e FaiA
1

= A5 vnd A3} (Migliavacca et al., 2004; Fujita et al., 2000), thA| & o2

B~
md ftoore

%

AFAGe ZAeE dia Ao HEiE LAE7F Wi ARAY A AHE A
o] fAE FEE Ul Ze® AEL 53 fElvge 28 A H5AF
o] F4ol 912 % Beijing, Jinan, Nanjing®] 7$-ol& SO A9 H%=7 247 180
~ 417, 195 ~ 273, 112 ~ 165 peq/L, NO; A9 w7l 747} 54 ~ 123, 49 ~ 72, 17
~ 23ueq/L, NH, A9 w7t 27 134 ~ 159, 92 ~ 86, 62 ~ 45ueq/L ¥ 2 B4

“

o ol& SO AES VFoR Huds W 25 T3 A go] ekt 1100 Aol H]
A 45 ~ 1658, AFA] X[l vls|A] 34 ~ 1269 71 o ¥ FEo|th E dE
o] A9l Tokyoo ¢ SO7 AES HxE7} 32 ~ 51 peq/L, NO; H%E7F 25 ~ 34
peq/L, NHy 9] F%7F 19 ~ 24peq/L W95 R, AgRTE 9 va AFA A9
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Hobe g2 & 558 YEda e Ao HuHdrh v o] HAA Y
ol Oki 417 Tushima 4 AGelAE SO HEY F=

eq/L, NOy A9 ¥%7F 242 8 ~ 16, 9 ~ 19ueq/L, NH,” 29 ¥%27t 72 9
15, 10 ~ 16peq/L. M9 E HYrth ol SO° Fee AFAG v x5 =1,
NO; A¥2 fAbstH, NH, AR she 9 v 3¢S yUelle 2oz nud

t}.(Takahashi and Fujita, 2000)

Table 4. The pH, conductivity(uS/cm) and volume-weighted mean concentrations
(ueq/L) of precipitation components at two sites in Jeju Island and other

comparable sites.

Chun- An- Hong- Hiro-

Compo-— 1100 Jeju a d
nents Site City Seoul chon® myon® Kong” shma® Patras
pH 4.88 481 47 4.7 4.6 4.24 5.0 5.16
Conduct. 13.09 20.88 = + F - - -
H 13.28 15.48 21.3 20.7 26.0 57.7 9.8 7.0
NH, 1796 — 20.77 66.4 374 34.6 - 29.9 16.3
Na' 26.00 6792 105 7.0 31.0 44.0 17.7 90.2
K’ 1.95 3.63 35 34 34 35 1.2 6.6
nss-Ca®’ 2.87 2.16 344 225 19.7 11.2 10.0 94.6
Mg 6.18 14.82 6.9 5.0 10.7 9.7 5.7 30.4
nss-SO&  22.02 24.89 69.6 449 415 82.8 40.2 34.7
NOs 9.98 16.30 29.9 23.6 17.9 30.6 155 194
Cl 26.06  66.49 18.2 12.9 439 47.3 29.7 114.3

F 0.98 0.95 - - - - - -

HCOs 0.38 0.32 - - - - - -
HCOO 1.33 1.99 - - - - - -
CHsCOO  1.00 1.12 - - - - - -
CHz503 0.07 0.04 - - - - - -

“Precipitation in Seoul, Chunchon and Anmyon Island during the period from May 1996
to April 1998.

PPrecipitation in Hong Kong during the period from March 1994 to April 1995.
“Precipitation in Hiroshima during the period from April 1984 to March 1988.
dPlrecipitation in Patras, Greece during the period from January 2000 to May 2001
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o] 27| E et o)A LANESE TIY o R EAEY Figure 7o WERU ST
SHEbAF 1100 LA 9 AFA] A Z4=e] o] &A1 7] Hit2 747 015+ 0.16 mM, 0.21
+019mMe] g2 Bow, dubHom AFA Aol ghebqk 1100 aLAlol] Blal] o]
A717F 2 g-s YErIEE o] ekt 1100 Aol Hlsl AFA] A Gl o]
Aol o weol xghEo] glom, AFA Ao S AdEIt AHoR Atks AS 9
n gtk o]y gk Aol= AlFAl Aol FHekak 1100 iAo vl LAEA] FYel ¢
< Al Rk ofyet AFAl A G whrkel AP QAL aEvF v wiEel] Y
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N
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[e]

L5 Hole Aow 4R dvt(Safal et al, 2004). 12 AFAF o g o] %
A2 ol WEAITe] A& Aok dlee & 4 AT @ Ao AeE
aL glofA

o
Byl NH'©] o2 485%, SO, o] &ol2e] 521 %% HYsEE Ho

FAGAT S w4 AFolHAME thh Zolrt ot A 3 ehA o (Matsue)
A= AFEe §A8HA Na'7b Fol29] 594 %, Cl o] So]22 66.6%= FHsE
g Holi gt AoZ A HAUTKE AT 5, 1994). EF So]2(Cl1)e TEE v
of 7I7bE AFA Aol HFA el &= 1100 LA B 57}
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Table 5. Annual volume-weighted mean concentrations(peq/L) of precipitation

components at 1100 Site

Year pH Cond. H' NH,' Na' K" nss-Ca?'
1997 498 13.8 10.53 14.79 33.10 1.95 291
1998 4.84 15.8 14.29 17.20 40.43 4.51 4.47
1999 5.00 8.8 10.01 6.35 16.26 1.09 291
2001 4.87 135 13.34 18.22 20.63 2.99 7.92
2002 4.85 12.3 14.10 15.52 26.46 0.86 7.00
2003 476 155 17.22 36.24 21.04 1.11 5.65

Mean 4.88 13.3 13.26 18.05 26.32 2.09 5.14

Mg® nss-SO&  NOs3 Cr F~ HCOO CHisCOO CHsSO;
5.80 25.36 1172 3411 019 0.33 0.15 0.07
8.70 28.19 1210 3928 042 1.83 1.30 0.05
5.09 13.21 403 1864 023 159 1.15 0.01
7.16 21.78 1036 21.86 210 2.86 2.99 0.01
6.06 18.94 1048 2487 212 1.06 0.70 0.02
5.04 26.83 1303 1963 1.19 0.80 053 0.25
6.31 22.39 1029 2640 1.04 1.42 1.14 0.07
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Table 6. Annual volume-weighted mean concentrations(ueq/L)

components at Jeju City

of precipitation

Year pH Cond. H' NH,' Na' K' nss-Ca?
1997 479 183 16.35 1867 3957 4.03 8.83
1998 4.90 234 12.62 1855 8740 1007 1.9
1999 5.00 133 10.00 14.20 38.40 3.14 438
2000 4.83 205 14.72 16.32 46.72 2.08 9.71
2001 467 289 21.23 2247 76.23 3.35 14.23
2002 463 275 20.77 2019 13521 2.02 9.71
2003 479 17.9 16.10 27.99 4868 1.14 7.02
Mean  4.81 21.4 1597 1977 6746  3.69 7.98
Mg? nss-SO& NO3©  CI° F°  HCOO CHsCOO  CHsSO;s
6.36 31.30 1606 3962 063 1.05 0.83 0.05
17.21 28.98 1612 8828 041 2.42 1.65 0.07
11.62 1595 1054 4072 036 191 1.00 0.02
12.16 2754 1615 5381 064 1.35 1.30 0.02
17.82 39.08 2382 7650 228 3.14 1.77 0.05
22.59 22.40 1923 11999 134 0.69 0.40 0.01
12.16 20.22 1414 4432 131 2.93 1.11 0.05
14.35 26.49 1666 66.18  0.99 1.93 1.16 0.04
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Figure 10. Yearly comparison of the concentrations of

(a) cationic and (b) anionic precipitation components at 1100 Site
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Figure 11. Yearly comparison of the concentrations of

(a) Cation and (b) Anion precipitation components at Jeju City
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Figure 12. Seasonal comparison of the concentrations of

precipitation components at (a) 1100 Site and (b) Jeju City.
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Figure 13. Monthly comparison of the concentrations of

(a) cationic and (b) anionic precipitation components at 1100 Site.

- 44 -



150

(a
ONH4+ B Na+
120 BK+ Enss-Ca2+
B Mg2+
-
S
(0]
2
=
=
BS
Mxr Aor May Jun Jui Aug Sep Oct Nov Dec Jan Feb
Month
160
(b)
Onss-S042-
mNO3-
120 1 mC-
-
b
[0
2
=
=
>

Mxr Apr May Jun Jui Aug Sep Oct Nov Dec Jan Feb

Month
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(a) cationic and (b) anionic precipitation components at Jeju City.
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Table 7. Cross correlation for ionic precipitation components at 1100 Site

Component H’ NH, Na' K' nss-Ca® Mg* nss-SOZ NOs CI° HCOO CH;COO CHsSO3  F
H' 1 0.36 0.35 0.17 0.17 0.35 0.61 0.64 0.31 -0.05 -0.08 0.10 0.09
NH,' 0.36 1 0.46 051 0.47 0.49 0.64 0.66 0.48 0.44 0.43 0.08 0.44
Na' 0.35 0.46 1 0.69 0.47 0.93 057 0.60 0.98 0.32 0.33 0.11 0.28
K’ 0.17 051 0.69 1 0.36 0.63 0.42 0.38 0.72 0.69 0.72 0.10 0.45
nss-Ca” 017 0.47 0.47 0.36 1 057 0.62 0.61 0.45 0.34 0.26 0.02 0.47
Mg®" 0.35 0.49 0.93 0.63 0.57 1 0.59 0.62 0.91 0.29 0.28 0.06 0.28
nss-SO4Z 061 0.64 0.57 0.42 0.62 059 1 0.88 0.52 0.11 0.07 0.18 0.39
NO; 0.64 0.66 0.60 0.38 0.61 0.62 0.88 1 0.54 0.07 0.02 0.15 0.29
Cl” 0.31 0.48 0.98 0.72 0.45 0.91 0.52 0.54 1 0.44 0.45 0.08 0.34
HCOO ™  -005 044 0.32 0.69 0.34 0.29 0.11 0.07 0.44 1 0.93 -0.08 0.56
CH,COO -008 043 0.33 0.72 0.26 0.28 0.07 0.02 0.45 0.93 1 -0.04 057
CHsS03”  0.10 0.08 0.11 0.10 0.02 0.06 0.18 0.15 0.08 -0.08 -0.04 1 0.08
F 0.09 0.44 0.28 0.45 0.47 0.28 0.39 0.29 0.34 0.56 057 0.08 1
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Table 8. Cross correlation for ionic precipitation components at Jeju City

Component H' NH, Na’ K° nss-Ca” Mg® nss-SO# NOs~ CI° HCOO CHsCOO  CH;3SO5 F~
H' 1 0.30 0.16 0.08 -0.09 0.20 0.43 0.52 0.18 0.05 0.10 0.19 0.08
NH," 0.30 1 0.17 0.44 0.45 0.26 0.80 0.76 0.19 0.20 0.20 0.23 0.40
Na’ 0.16 0.17 1 0.40 0.28 0.84 0.31 0.36 0.98 0.04 0.01 0.10 0.02
K* 0.08 0.44 0.40 1 0.42 0.48 0.52 0.41 0.42 0.08 0.08 0.09 0.16

nss-Ca®  -009 045 0.28 0.42 1 0.44 0.67 053 0.28 0.39 0.37 0.11 0.27
Mg*" 0.20 0.26 0.84 0.48 0.44 1 0.43 0.44 0.86 0.14 0.11 0.08 0.09

nss-SO& 043 0.80 0.31 0.52 0.67 0.43 1 0.83 0.32 0.27 0.31 0.25 0.38
NO; 0.52 0.76 0.36 0.41 053 0.44 0.83 1 0.36 0.21 0.23 0.24 0.33
Cl” 0.18 0.19 0.98 0.42 0.28 0.86 0.32 0.36 1 0.04 0.01 0.11 0.01
HCOO™ 0.5 0.20 0.04 0.08 0.39 0.14 0.27 0.21 0.04 1 0.79 0.05 0.18

CH,COO™ 0.0 0.20 0.01 0.08 0.37 0.11 0.31 0.23 0.01 0.79 1 0.07 0.15

CH3S03”  0.19 0.23 0.10 0.09 0.11 0.08 0.25 0.24 0.11 0.05 0.07 1 0.08
F 0.08 0.40 0.02 0.16 0.27 0.09 0.38 0.33 0.01 0.18 0.15 0.08 1

|A.m|



28 a Mg” & Na,Cl F A&zte] Z4aA57F 270 084, 0869 =& #S UERU

7)
th o] Mg” o @A 7} slgolets RS FAANAFE Aolh

44 7] T olAtster A sk oF 0.033 % (330 ppm) B =olH, &gk HlE

0
= W pHE 565 YUetdt A= g7 5

o,
T
St
o,
=
i)
mu!
B
N
ofo
%
i,
2
el
i)
i
e
filo

s o} A7k pH7F 56 olste] A or "Wolxl AEHE o gt
Aol et oy o] ARE FThe] mE SO, NOy, 718 t71ed=de] W& &
b e AtdEtE w48 A7 ok Abdnl e djleres A uA oA

7] Fo olitstd, daidstE S Eitoly ditow wstyo] VA, HAAZe
2 EA8Y, deojzE FEje] aAmHA gl FAHIE Fvh olH g At 2
o

o 7] Tl A=

(OH ety zol ofsf ofitshgo] ato = s = nhg)
OH + SO; + M — HOSO> + M (M O3, N> 5)
HOSO; + Ho0 — HOSO; - OHy
HOSO; - OHz + Oz — HySOs + HO»

(NOo7F &3} wkg-8ho] Aito]l A== whe)

NO; + OH(+M) — HNOs (+M)
NO; + O3 — NOs + Oy
NO3 + RCHO — HNO; + RCO (RE H %& CHa)

_49_



N2Os5 + HoO — 2 HNO;3

2NO; + HoO = 2H + NO3; + NO,

NO + NO; + H:0 = 2H + 2NO

2NO; + H:O = 2H" +2NOs; + NO

= °
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il
il

#th(Kaya and Tuncel,

o]

=
=

1997). AA, A 71Aek Zxe] Al &

100 % sfiel=

NO; =

SO 9 A% 70 %,

o]t} (Andreae et al., 1983).
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al, 1996). °l& pH Z4elth @714 Fole 2Ale] eld exbol ALt ofyw A

S AEEel TRkl rofsta &S vlstH, AT AHe] Ag g dEF=

al
g = 9lS Ao=w BoAtHGalloway et al, 1989). T F A doA Al Lol
nss-SO,~ ¢ NO3 ¢ %%E umate] B9l ksl 1100 A E nss-SO,*, NOy 9 %
=7} 247 22,0, 10.0peq/Lol 1L, AFA AL 27k 249, 163 peq/LE A FA ¢ o] Ao 4]
0% A BAY Fwrt e Aow zAE YT 18I nss-SO4/NOs o WS ¥
W 2 AR 1100 A A$E 229 e Yo AFA A

2 tH(Takahashi and Fujita, 2000). o|x & F Ao vlgo] & AL A Q90
LA FeS oustH, AFA A BAEHE AA LFLdRTE FA FY

=)
vl dEdol AT Age] tridel d&Fe Fi de tede dATE

i

Table 9. Volume-weighted mean concentrations(ueq/L) of protons, possible proton

donors and neutralizing substances.

1100 Site Jeju City

Cation Anion Cation Anion
H 133 nss-SO 220 H 155  nss-SO° 249
nss-Ca” 49 NO; 100 nss-Ca” 74 NO; 16.3
NH,' 18.0 F 1.0 NH,' 20.8 F 1.0
Total 36.1 HCOO 13 Total 436 HCOO 2.0
CH,COO 10 CH,COO 11
Total 35.3 Total 453
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w3k 7 A wol=9] Ao
‘JHlE Figure 159 ®luLetqAth AH S0l 5F9 Azl 24uE BY g
1100 %] - F714F o] 291 nss-SO,~ 9k NOs o 7]ojgo] AA9) 904 %S =+ 3t
A3, fF714F o] &2l HCOO ¢F CH3COO 9 719 &2 68%% 3oz ZAHGL 1
gla AFA A nss-SOL 9 NOs 9 F7]4b o250l 91.0%E A 83,
HCOO ¢} CH;COO 9] 714t o] &2 6.60 %E A5tk olg e Az R AFA
o o A sE FE F7IAEC o dojubar 9lar, oFARSl frl4ke] AR stel
X 9g3Fe 10% v ekl Ro =z ALYt Kawamura et al., 2001).
, EFol A 2 A=
FHo] Hojx wmAEe] dFrow nfZ AR 7] wiZol] FAAeAN vk A

>

S
lo
o
o
il
1o
>

>
o
N
0
k1
il
>
fru
)
E
ol
N
do
BN

2

FAIARS Foake] Hs opiel] s e ol

o] .
wal gtk o2l A3E EgiE AR 7lES 560 ol 500] Ajtsitie 9
A% A71E 2 JdH(Galloway et al, 1982). AA o2 A A G 243t g
714ke] 71 E HH San Carlos, Katherine, Amsterdam A <o) 22} 66 %, 41 %,
13% A %o]a, Poker Flat¥ Bermuda A GoAE F714He 717} 18 37 &&
Row Yty ot & 059 Virginia A G E F7]3k0] 16% AE 7198t
A3, NADPALZR A= fF7]14ke] 7127t 18% ~3H5% A= Aoz WE UL
(Keene et al., 1984; Galloway et al., 1982). 18]y AF X G AL /7|49 AHA
st 7l es ofs Age] Hla) FHom A U For AT shARE

N

HCOO , CH:COO ¢ 714k F= A EoA e &do] 4hste = AAodA A

Ha an, el WA A 72A17F A= ARk 159 ool 90 % ©]/do] uhe g

ofell ola Fal¥= Aem LA vk B ATt A et 1100 A A= A
oh

2 6d ez 7] vl f4A BaE= frivte] 5A4S

=

= AH 7=

AUR

Hel 2w f7)e] RE AP AT o AE 9P VAL Ui Ao #

Hop(o] B, 1999; Chapman, 1986; Keene, 1984).
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m rm—

Figure 15. Acidity contributions(%) of acidic anions in precipitation

at (a) 1100 Site and (b) Jeju City
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7] 9o AAEAEL YHEE NH; CaCOs MgCO; 53 22 A7 EZH ¢

d FslEl™, o] T NHs; CaCOso] +2 T sto] 7]odsta e oz dHA 3l
ol F EHd 93 FAFo F3le= uS Ao 2RE F 3ol A (neutralization factor,

NF)E T8t 1 AEES H7pe 5 vk AHelA [nss-SO, 1, [NOyl, [NH,T,
[nss-Ca” 1= 7t dlg Ao Jd#rws velithGalloway et al., 1989).

_ [NH ]
NE war; [nss— SOG4 1 + [NOjS]
NF o = [ass— Ca®** ]

[nss— SO 1 + [NO;]

S Ao o) AAkg A=W F31AE Table 100 FE3Ach 2 A4 7| &
NH;, CaCOzell o3t ZskelabE 1100 314 0454, 0.2430190 3, AFA A<
0221 A== ey NHzo F3t 7]o&8 AFA Aol 9gF =2 ¥hdH CaCOs9
714 &2 1100 A 7F oF7F =& AgS Btk dAIH SR AFA 9 A= NHzel
o3k F3prt 7 gk A E o NHzoll o3 F3& 3
nss-Ca” ol 9|3k F3}= 221 % ~ 243 %<1 AL s 5 vk 2z NE] A
A A=l #AeEo] E AFAE(free acidity)s= 30.4 9% ~ 40.

T A FAI 1100 1A Zgell A Fo 2 ol 5042’, NOs 9 @},
F8 97 B9 NHS, nss—Ca’" 9] & 7+e] A#4S A8 wekth &, 44 gol
e % FSOST+INOs DI Faole 2 dy|EAde Fw FH(H]+[NH,T+

[nss—Ca®]) 7+e] BB4E ZAIEE w o] 5 T FAlolo] Aol 2w 5= 725

@
BN
Lo,
g
L
Hz
8
o 2

o7l %8S oudlti(Kaya et al, 1997). Figure 1694 Holx A} o] ol5 F
Fzko]l AbAl e ATAF(r)7} A 1100 1A el A 0.857, AFA A F

A 092182 ofF Z S UEUdY o= 7 Aol Aol g 3 T5taA
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Table 10. Comparison of neutralization factors by NH) and nss-Ca®at 1100 Site

and Jeju City

1100 Site Jeju City

Vear NEL s Cal ‘Free acidity ' Hss-Cal “Free acidity

(%) (%)
1997 0.367 0.129 26.9 0.439 0.235 29.7
1998 0.383 0.097 379 0.420 0.088 25.0
1999 0.432 0.205 50 0.667 0.230 32.2
2000 - - - 0.380 0.269 25.1
2001 0.514 0.387 35.6 0.410 0.335 26.9
2002 0.515 0.318 40.3 0.579 0.282 32.5
2003 0.557 0.171 51.7 0.564 0.251 389
Mean 0.4%4 0.243 40.9 0.493 0.221 30.4

* Free acidity(%) = [H+le/ X (acidic anions)
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y = 0.8995x + 4.2227
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Figure 16. Correlations of Z([NOs ]+[SO4 1) versus
E([H']+[NH, ]+[nss-Ca®’]) in precipitation at (a) 1100 Site
and (b) Jeju City
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F714E2 90 % o]de] ZAdem EA8taL, 10 % v RkRte] el EAskH, o

% 80 %8 %=+ 1.0um " RHe] mA el EAgrhal Bra A JdtH(Khwaja, 1995). 7

o] FRe} ofmtEuko A pyrubic acid®} formic acidE &A 3 A3} pyrubic acidd]

A5 dieEF AA] 10 ~ 20 %, HCOOH®] 49+ 1 ~2%7F &5 lom YA =

Aol EAS T AME S W3t (Andreae et al, 1987). o] E A i A VAL
=

2 32 EARE 7105 7] A4 38 B FHO

ok

A gas 7] el AEWOoz FAGAE DAY F8 o] FE Ao delA
ATHEAY, 1998). & AA Bzol weh §71%59 o7 F AF A ek
$7] Wl 1~29 A%, A7) del £ A AFIGD wunw gk ole@
91F f71Ake ARAZ] nheh MBgAF fol0e FE 9P we F 9l

© Hl AA= el Savannah A HelA = fFrlrke]l e AEE dE vAEE

HA el v FAAFskel AdAAdetel os] o] Fo X tH(Chebbi et al, 1996). =3

Aoz oAtk A A¥uE LI HAHGrosjean et al, 1989). FF AEE9]
FHBAE RH(Table 7, Table 8), stehab 1100 12x]9] f#714F S0l =(HCOO,

CH;COO )3 NHy o #AdS A7 2442 044, 0430]aL, AFA] A9 A5
BE 020 A= Aoz FHAHATH A, 1998). =3 f7abgeol&9 44 NOsj,

Al 1100 A <018, AFA A Gl A 0.21~
0312 AFA Aojo] tha =Aw AAHoz 1 A@Ae] 18 AA & AoT I}
ol ¥ A tH(Kumar et al.,, 1993). 18] <9l Figure 159 YERdnle} o] 739 2+
sto]l dig f714H(HCOO , CH3COO )e| 71oi& Al ghebik 1100 aLA el A °F 6.6 %,

AFA Aol M 68%=2 1 FFHS e T FUIAECd v& dHem vie v
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Table 11. Results of varimax factor matrix for the precipitation

components at 1100 Site.

Components factor 1 factor 2 factor 3
H 0.194 0.704 -0.115
NH4 0.215 0.597 0.522
Na’ 0.920 0.312 0.162
K 0.643 0.099 0.615
nss-Ca” 0.241 0.563 0.413
Mg”’ 0.867 0.374 0.155
nss-SO,* 0.295 0.880 0.174
NOs 0.343 0.883 0.094
Cl 0.909 0.242 0.269
HCOO 0.258 -0.134 0.903
CHsCOO 0.284 -0.192 0.896
CH3S03 0.017 0.250 -0.046
F 0.005 0.299 0.774
Eigenvalue 6.2 24 1.2
Variance % 47.6 18.2 9.5
Cummulative % 47.6 65.8 75.3
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Table 12. Results of varimax factor matrix for the precipitation

components at Jeju City.

Components factor 1 factor 2 factor 3
H 0.091 0.581 -0.152
NH4 0.132 0.843 0.206
Na' 0.961 0.058 -0.017
K 0.513 0.384 0.129
nss—Ca” 0.348 0.373 0.584
Mg™ 0.910 0.163 0.124
nss-SO;* 0.296 0.836 0.319
NOs 0.320 0.832 0.191
Cl 0.967 0.069 -0.022
HCOO 0.025 0.021 0.905
CHsCOO -0.016 0.068 0.887
CH3503 0.030 0.402 -0.046
F -0.071 0.487 0.236
Eigenvalue 49 2.2 1.6
Variance % 37.6 17.2 12.0
Cummulative % 37.6 54.9 66.9
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Latitude

Longitude

Figure 17. Sectional classification of Northeast Asia for
backward trajectory analysis starting from Jeju; I: Korea,

I : Mongolia, Il : N.China, IV : S.China (including Taiwan),
V :Pacific, VI : Japan

Japan Korea
) 1% 9% Monaolia
Pacific 20%

N.China
S.China 1%
31%

Figure 18. Fraction of air parcel trajectories by each sector.
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