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7] ol F-fd dAGoly 7taat QAEAELS vy wol 93 54 HA
(wet deposition) 383 FHHZ, b #AATE S o3 AP (dry
deposition) #A e & Q72 HEH AARC o] FAAE ol o FAH
He Ao Tasgk qriAst A8 T stutelth ol A= drE Astet

A 2 wke wet JFAAAN AA FFS F R olQel: dH4 #FUI4,
MSA (methane sulfonic acid)s©] %59 A stel 7[odstar Qlvt. 12y o] 59
1= e Gitsteat AakstEol Ble] HlwA v E F, 1999).

ofAlo} A9 SO, F WlEF2 19909 337 Tge= w3} 7yth(24 Tg)
Hue 531, H@TTgRUYE Y2 Aoz ey itk 53] o & F59]
T 222Tgs ¥iEstol obxol HAl =9 66%E AAAL, o2 =7}
44Tge 2 13%E AAste o= YeElyal tH(Arndt et al, 1998; Foell et
al, 1995). L ofAJo}x] o] SO, WMEHS AEd 47%E F7Fste] 19979
46.4 Tg, 2020 ell= H i 80~110 Tg7hA 5718 & S Aow o FHa 9]
tHFoell et al, 1995). o]# 3k WA =S 20100 S 7|02 H|WEH A3 75 Tg
Ar7t Hol #H@ITe)H "=(16Tg) A9 MEZds &3 ARt ¢ €=
Ao g FZHTH(Arndt et al, 1998; Carmichael et al, 1997). ZL1#]1} Streets et
al.(2000)8] 2 g AT A= 1990 2 1997d SO, FulE o] 7+t 337 Tgd
392 Tgo = AR ¢F 22% AE7F T7Hs Ao = yepva ot wpaba o &
o] oprfo} mrtEo] & AAALEES FAStL o] SOz NOS HiEZFES A

SHoR G o wolw, oz A Fael A4H B oPE: FaHo

’

o



53] T2 A A5 76%E AMetd ofEstal i, MA Hd A o)E
T9l 28% = A =11 dtH(Streets et al, 2000; Takahashi and Fujita, 2000).
T SO MEHS A 20d1F 39 o] S7Flem 20201 ol = 1990 ol H]
af Hol A= o SR Ao oFH vt T E AT AR5 dERE
1993~1995 3 9] of8kab7lx~ wlE RS B, 1994 = 1.7 9%, 19959+ 3.6 %
7F S7bsk A, 19954 F=e] of &b v EEFS 18908273 o2 o]+ -
veke] 1995 %= wjE o] 10u7F W= Eolth dSo] 59 Fa wE A
2 Shandong (2,319,157 &), Sichuan(2,232,803 &), Hebei(1,162,326 &= )3}
Shanghai(488,564 =), Beijing(382,924 =), Qingdao(351,601 =), Tianjin(326,375
) TY E=AAYGeR giFE fHuetet AT T3 FHAY A Q)
HChun et al., 2001; 83, 1999, 22l 5, 1999; Chun et al., 1998).

olof wkal] f-glvpate] A% SO, HlEH2 500,000 & L2 T &EolAol] 4
M= (3=, G2, T, Uivh) 5 46 %E A4stH o A F MEF9 87 %E
A2k TIol HlslE oF 5 % AEolth E o A NOWIEZFS 55
obrlote] 47w F 8 %E At T Aol Az ok 70 % 156 %E

=

2 ehta gl
AFA AGe & AYAdel gla Mad g9F Awsk srobd AAH 09
uoe 9 FERY olEatt 444 L9BAd 938 Bol ¥ it A



1. &3 717]

Aol F8A Yol AHE EAd = 35, GBCAFY Model Avanta-PE A}

239 1L, atomizeri= 10 cm® 5 cm slot length®] burner headS AF-83}$t}.

T3 FALS Na, K, Ca, Mg & single hollow cathode lamp & A3} t}.

3) Ion Chromatograph

BlESY F8 gol& E Fo]l& AHEES DIONEXAY] model DX-500 ion
chromatograph®} MetrohmAF2] Modula ion chromatograph (907 IC Pump, 732
IC Detector)& AH&3ate]l EAtATh A9 ol AE #48§& HAPL Fol&
A9 Ionpac AG4A-SC % Metrohm Metrosep A-SUPP-4, o] FEAd =
Metrohm Metrosep Cation 1-2-6 ###S AF&3la, #7142 E, HCOO,
CH;COO, CHsSO; ) 49+ IonPac AGll/IonPac AS11 &3S A& S

™ 7 Z7]+= conductivity detectorg AF-83F T}

4) UV-Visible Spectrophotometer
F8A o]l AR ZF NHy' S indophenol® ¥} ion chromatography® < H &)
sto]  H24351 31, indophenolH ol A= 22922 KONTRONAFe] &= UVIKON
860 UV-Visible spectrophotometer® A}-& 3} th.



5) pH Meter ¥ Conductivity Meter

BlE 9] pHE "= ORIONAF Model 720A pH Meter @ ORION Combination
pH Ross Electrode(Model 81-02)& Ab&3dte] SAstATh E3F A7 =%+ v
=7 YSI IncorporatedA}e] Model 34 2 YSI Incorporated Model 3403 =, 1]
i1 9¥ TOAAS] Model CM-11P ¥ TOA Model CVP-101P =& A}-&3}o]

A NEe AFAW AFdsta AARstfs s $433°26 " N, 126°33

E, sl 330m)ol Al 1997 FE 200517h4] 9d7 & 43875 AFAS A 2

2319 tHKang et al., 2003).

2) g Alme A

(1) F&ol2s=(pH) 4

pHE AlE &S 38t d2FolA digf 25 C &g2o] HEsE 243 &
pH 7] E(ORIONA}L, 29 720A) ¥ A= (ORIONAL, 2 81-02)& AME3te] 574
kit olwl pH W E = v =t OrionAbell A A1 23 pH 4.10(25 C), pH 6.97(25

C) BlEd d58&ds AHgste] nAs
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Hslte] F2zelA dig 25 T o] H=E
£ 243 $ A7AEE E(TOAAN, =¥ CM-11P; ORIONAL, =E® 105)¢}
A= (CVP-101P; ORIONAF, E9 011050)& A&38te] ZAskqith A7 d % v
Bl 1.0x10° M KCl €925 TollA o]BHE% 1468 pS/cm)¥ 5.0x10° M
KCl 925 TolA o]&2HEE 738 puS/cm)S AFE3le] BASIATH olw KCI
F7E N2 Aldrich A 1A 55 A1 2F(99.99%) % 254 (17.8 MQ)E AH&-3to

A delM zAlsk3d

Ae ol 20 C ¥F B ARE 24 Ao 4T WFHAA =2l
Aatggon, QA A|EE 045 pum membrane filter2 o 739t SO,
NO;,Cl €9°] 22 jon chromatography B O E FAlo] EAstt AAA ALE
st ZF8dY F&x& [Cl]=1, 3, 5 pg/mlL, [NOs]=05 1.0, 3.0 pg/mL,
[SO/1=1, 3, 5 pg/mLel™, o wW {FFNL AldrichAte]l 13 EFFAIYF
(99.999% (NH)2S04, 99.99% KNOs, 99.99% NaCl)3¥} Z+=5(17.8 MQ)E AF-&3}
of A ZASAT IC &4 A o5 Fol29 E#HEx2 Flow rate=
1.0 mL/min, Sample Volume=50 pL, Eluent=2.4 mM Na>CO3/2.25 mM NaHCOs;
ol Eg A2 IonPac AG4A-SC guard column, IonPac AS4A-SC separator
column, suppressori= ASRSE AF&3¢th 22ivt 2001d % o] o & Metrohm
AFe]l Modula IC % Metrohm Metrosep A-SUPP-4 £&] &S Ag3to] E4389)
t}.

(2) F, HCOO, CH3sCOO, CH3SO03 9] 4]
e mgFAd el F, HCOO, CHsCOO, CHsSOs = -20 TollA W& H3
B2 4TCYFALE &7 ¢ ¥ Ion chromatography &2 A8ttt 4
& 10, 50, 100, 200 pg/Le]H,

R
ol EEENe olEe] BEFY i e 2afd ol 4PN 24



A (Andreae et al., 1987). IC X zHdL& Flow rate=25 mlL/min, Sample
Volume=25 ul, Eluent=0.25 mM NaOH¥} 5 mM NaOHe|™, #2342 IonPac
AG11 guard column % IonPac AS11, Suppressori= ASRS(SRS 100mA), A=
71+ Conductivity Detector(range=1 pS)& AF&3stch o o &&= 71&7] &
2] " (gradient elution)< °©]-&3tth A< 5&3%F 025 mM NaOH<S 2.5 mL/min,
ofo] 4% &< 5 mM NaOH=S &7l t= AFHA 77 ol 025 mM
NaOH= £ 83} tH(Hofmann et al., 1997 ; Jaffrezo et al., 1998).

S|
ax

4) Fol

NH,, Na', K',Ca’’, Mg®" 59| %ol e go|er warnAz ZA5AaE &

i

Py BHshe] B o % Na'| K, Ca’, Mg Folee d4FFF=o
2 2433 er(Table 1), A3A A4 Al A8 #5849 v=+= [Nal=10,
30, 50, 70 pg/mL, [K']=1.0, 2.0, 3.0, 40 pg/mL, [Ca®]=1.0, 2.0, 3.0, 4.0
ng/mL, [Mg®1=1.0, 20, 30, 40 pg/mLolth oju EFENLS Merck 2
Hayashi Pure Chemical A}2] 1000 ppm £9& =545 AlEsle 23 5%

2 IMANA zAeAH. o] W AAFFFEAS] £ E£1L2 Table 1.3 2t}

Table 1. Instrumental conditions for AAS analysis.

AAS Na' K' Ca”' Mg**

Fuel Gas CQH% Air Csz/ Air NZO/ Csz Csz/ Air

Slot Lengh 10 cm 10 cm 5 cm 10 cm

Detection

Wavelength 589.0 nm 7665 nm  422.7 nm  585.2 nm

T3 NH; '+ Indophenol H o2 #4353t A28 5 mLE A3 FHst
31, oJ7]el phenol nitroprusside €< 2.5 ml, sodium hypochlorite €< 2.5 mL

E 7hsto]l LAAIZL F AL -TAAIA EFFE=AE AFESEe] 640 nm ol A A
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Table 2. Instrumental Conditions for Ion Chromatography system

Anion analysis Cation analysis

System Metrohm Modula IC Metrohm Modula IC
Column Metrosep A-SUPP-4 Metrosep Cation 1-2-6
4.0 mM tartaric acid/ 1.0 mM
Eluent 1.8 mM NaxCOs/ 1.7 mM Na>COs o ) _ ]
pyridine-2,6-dicarboxylic acid
Suppressor 0.1% H>S04 Non-suppressor type
Flow rate 1.0 mL min " 1.0 mL min "

Injection Volume

20 ulL

100 ul
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2004). o] W] FNL #59 FHAAE =9 4% ZH2F 1905 kmol®, Az +
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of mek gekrlnoks AT ATEHe] mekd oz AYH % Ik
7] ATONA 10%2 ARE AL ALHGOoL o] F ATANAE 2% A
Sa gov 54 A7 AL spefstize Tt glow tha gstss Aol

dutdolth(Liken et al ., 1987). o]#3t B o g K oJqto] KA glo]gd tofst

-

B

o

DA E Figure 29 =A13F1th Figure 29 A¥pel o] B 9] A Holg
© A 43871 Tl Al 95%7F 0.5, 67%7F 0.20, 40%7F 0.19] W9 el &3+
i, ol#gt Az HE E Al 4 dolHE YEd AFEE YEUE Ao
2 ZAHEAY. E (Teaion Tanion)/Tcaion® Hl= %71 25575 2

I ol &3 1] EWHE(% imbalance)’t #Adtil, FE7F USSE AGdA
o2 FUtele AES RIAHAHST 5, 1994). Figure

2
2o gFo] 42 Amds= %imbalanceZt AA| HojuARH(EAte] AT
ol
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e
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X
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3
lo,
iih3
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Table 3. Data quality control(QC) parameters and % imbalance in Jeju City

Regression result % imbalance
Number of point 438 <109 imbalance 174 40%
Slope 0.892 109-20% imbalance 118  27%
Intercept 5648 20%-50% imbalance 122 28%
Correlation coefficient(r) 0.978 >50% imbalance 24 5%

* 0/0 imbalance = (TCaLi()nfTAni()n)Xloo / O-5X(TCaLi()n+TAni(m)
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(TCation - TAnion) / TCation

1000 5
y=0.8921x + 5.6475
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£ 600
2
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200
0
0 200 400 600 800 1000
T[Cat]eq

Figure 1. Correlation of [Catle; vs. [Anleq for ionic

precipitation components.

°
° ° °
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-1.0
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Figure 2. Scattergram of Tcaton VS. (Tcation T anion)/ Tcation for ionic

precipitation components.
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A AlF Ao =il B 5 9tk &, Figure 414 (Omea0ca)*100 / Omea #©] 25
%E 7]1+=(Galloway?9 A% 10%E 7|22 3t J&)o2 1 olste #HS
Bl HlwA B4 dlelg o] AT FEgk Aow Hrbe g kAt
5, 1994).

o Aot AVHEREE FAOl agste] FFAoR 24 AHEES F]ls)
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o] MEE (OcaOMea)¥100/0Meas MZHOE FaL % el #AAE Figure 5

=
=
o dehiden, 938 FHoR BAEI ASFE BA AfEE adn 2
4 9ok Figure 5014 ®%o] Al oR 24 AEEG o2 AE% el £l
= 5

= A dEsT 2Ea el

AT T oA FAd AMF L] 7]F(25% ol2FA, 25% HEEA)ES V)

Figure 59 A& A¥WEW ALLHTE o254 H Ao HolH ¢
A= A2A et o8 g A ol T B Aol WHE vE
= gAor o] e dolEH9 QA(quality assurance)E 3] HEZH RH S

ol&st= Zol o A elgta dE A Ut (Sequeira et al., 1995).
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Figure 3. Correlation of Oca VS. Omea In precipitation at Jeju City.
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Figure 4. Scattergram of Omea VS. (Omea—Ocal)/OmMea In precipitation

at Jeju City.
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Figure 5. Scattergram of (Tcation— T anion)/ Tcation VS. (0ca—0mea)*100/0nea

in precipitation at Jeju City.
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Table 4. List of equations for the calculation of conductivity and

acid fraction.

Equation Unit Meanig
0=[H TAeqrs + 2 [TonlegiNeqi uS/cm  Electric conductivity
X eqy = eq A eq S .
- Zf: Wea e uS/cm Conc.—weighted average

equivalent conductivity

edeu Z weqkA eq; IlS/Cm
7 I VP VP _ _
AF="r ) = o — — Acid fraction
( [H} ] )—A eant A elca

0.8
y=1.072 x+ 0.002

0.6 Q
S
S 0.4
<3
<«

0.2

y Acid Fraction
0.0 < :
0.0 0.2 0.4 0.6 0.8

AF pH & Conductivity

Figure 6. Correlation of AFpu & conductivity VS. AFion con. 1N

precipitation at Jeju City
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2. 2+ 4

o

Hr

1) ol &A71ek =4 vl

o] &4 7](fonic strength)E =A3tH o o9 AEE HHHo=z Hrist
Aok aga o Aask 10°M olske] #e Bnd A9 FeE vy £5E
FHE FAstE Aoz B & i (Sequeira and Lung, 1995). A=A A9 7
Gl ol A7 LANEESE Tgow EAE] Figure 7 o e 1
o Al BZol AFA AF Fg9o o] A 7|(onic strength) Tt o] =4 7]
7F 023+0.20 mM9] & ®ela, A4 AE F o 31% A=7F 10° M o8]
o] ZAI71E HHERY A TH

© pH A ZA342HH ALeAa, HCOs o 5%+ [HCO; ] = 10 #1199
FAA A o] AstetGth(Avila, 1996, A &, 1994; Stumm and Morgan,
1981). &= oA nss-SO. ¥ nss-Ca® & H&] A 32F(non-sea salt sulfate)¥}

H 3 Z<F(non-sea salt calcium) T2 Aol o] Ak gholth

[nss-S0,°] = [SO4 ] - 0.121 x [Na'l
[nss-Ca®'] = [Ca®'] - 0.044 x [Na'l

2o A [nss-SO,4 ], [nss—Ca®l, [SO/], [Ca”], [Na'lE= 2 A% ®%(n
eq/L)E YEbIY ZElm A 01213 0044 si5eolAl SO, /Na' 3 Ca™'/Na'
o g ovgd,

3 Table 59 al5=¢k 44 % Na'ol2o] g Faol 4% (Cl, SO, K,
Mg”, Ca’)el @asmn s Jepglth 44 $9 Na' olo] =% &gl
7198 Aoz A, sk Al A Na ool dig Fa o

FEmHE HlagtowA Zb o] 29 )] HES AdE F Utk Na ©]
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Lo tE Cl, K, Mg” o] 2 n= 77 098, 0.05 0.22% 8ol A <
TRyl 118, 0.02, 0239 iAo ZA &S Yehla gl o)k o5
AR hREL A 798 QS dusts Aotk wbde] SO,
Ca” o] &2 d|5ol Aol Gk wn(SOS/Na = 012, Ca®/Na = 0.04)e] 13
o] =& H&(SOS /Na' = 051, Ca”/Na' = 0.16)S UeEATh o= ol & A
ol F= 9 o9y vE A el FAEHANSTS Ardt= A Iolrk(
25 2006).

:

M

oY

2 0 (@O 1 0 0

16 —_
1 75 é
=
54
. 12 5
= &
2 150 =
[<F]
: 2
s 8 2
=
- 25 8
4 <

0 [ 1l 0

o o o o o o 2 . 7
Y e Ny Y 0, o % % Sy,

Ionic Strength (mM)

Figure 7. Ionic strengths and their frequencies in precipitation at Jeju City.
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concentration for seawater

+

Table 5. Ratios of major ions with respect to Na

and precipitation.

Ca”'/Na'
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K'/Na"

SO /Na'
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0.16

0.12 0.02 0.23
0.05 0.22
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HE = Aoz 4z MSA(methane sulfonic acid)¥ 0.03 peq/L=E o}l S
FEE YER T
2 AT SHANE FU9 T8 wAFTEAY (‘-L‘?iE, =3, a5hel =4

A7 (Figure 9), 3% 7194 E (Na', CI, Mg®)< 12H100.7,
986, 21.6 peq/L) A9 t&o = A|lFA](71.3, 699, 1

grk dwE A FrolA ofF ARES FAN Wy "old Q3 Fu

Agsh bl

r?i'

Ul
oo
=

3

ol
ﬁ\l_,
e
rlo
off
k1
il
f

oAe 4 A5E vk 9FS Wel W, ARERE Fhel FF HHA

of MRt =4 #5H= AFS HAHAAH &, 2001). FHE(46.6, 46.4,

Aol AL AexE Yeiyal Ao EH A &, 2001). 1Y AFE DA F L
gietrtel Hatar QlojA o] Aol Aol de] Wo] PEH= AFE Holn
itk dwbH o WEAY WA, 2gln mAWAlME NHY, Ca® To] 7H3
=2 FEE Holv Ao=E duA Qdrh Y o WA TEAGL U X &
T oAtk At Al QoA S /= tAh 24 VY AEEY sETt
=4 et vk (33w, 1999; A4 5, 2006).

nss-SO,°, NOs, NHy & fiH & Qizte] &5 93] u7] $o2 f4dE
x4 A4 719 AESolth AFA NG A5, olg AEEY F&=Ut
7bz} 28, 183, 26.2 peq/L&, 1AH(14.1, 17.1, 159 peq/L), $7(188, 15, 13.6 u
eq/L)RTHE =31, M (306, 204, 265 peq/L)ETHE 223 W AFS B

=

At olg FlelA HAAGow F A LA wa

rlo
off
k
it
fz

(o]
k!

],
nss-SO = 9F 1.984], NOs = 1.07v], NH4 = 1648 A% =&

k. = AFA A3 mAA ] nss-SO,S/NO; H S Hlus] ¥ Az e
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Total ion

Na+
27.37% K+ nss-Ca2+ Mg2+
' 3.04% 6.05%
NH4+
10.04%
6.10%
nss-SO42-
CH3S03- 7 02% 10.76%
0.01% 0.13% ‘
CH3C00-HCOO- F-
0.35% 0.58% 0.30%
NH4+ Cation
H+
11.29%
Mg2+
11.19%
nss-Ca2+ N+
R (gt K+ 50.64%
2.67%
Anion

Cl-

nss-S0O42-

HCO3- NO 3- 23.41%
CH3SO03- 0.28% 15.28%
0.02% CH3COO-HCOO- F-

0.76% 1.27% 0.65%

Figure 8. Compositions of ionic precipitation components at Jeju City.
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Table 6. pH, conductivity(uS/cm) and volume-weighted mean concentrations

(neq/L) of precipitation components at Jeju City and other comparable sites.

Jeju Anmyon Uljin Gosan Jeju Anmyon Uljin Gosan

pH 4.8 4.8 49 49 nss-SOS~ 28 306 188 141

Con 23 NO3 183 204 15 17.1

H 159 Cl 699 464 702 986
NH" 262 265 136 159 HCOs 03

Na' 713  46.6 66  100.7 F 0.8 19 0.5 0.7

K 38 27 3 4 HCO, 15
nss-Ca®" 79 133 140 112 CH;CO, 09
Mg® 158 104 158 216 CHsSOs; 0.03

100 N 1 Jeju City, 7ZZ Anmyon
% 1 222 Uljin, R Gosan
— 604 ]
o 40- 7
3 -
204
1 7N e VN W § .
NH, Na" K nss ca® Mg”
100 §
80
- 60 - 7
S )
® 40-_ 7
20 %

nss - SO Cr

Figure 9 Comparison of concentrations of ilonic precipitation components at
Jeju City and background sites in Korea. (The concentration data have been

measured during 1997-2004 at Jeju City and Anmyon, and 1998-2004 at Uljin
and Gosan)(A7d9 5 2006).
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2) A=Y Tk Ml
1997378 20003744 Ao el vk WsE ARWE vaske] Table 7
N

a’, CI', Mg* 3=

i, FHt 3|z olE AR Y= 50%E rASAT. ol Aol
g 71 de ovlet, o] Aol Tt e dFS wWol v dues 7
ojt}. o] ¥ Na'& 385~1364 peq/L9 v% ®HEHE B I, 20029 1364 n
eq/L= 7F4 =31, 19999 385 peq/LE 714 ©ve 55 BT Cl AE o
Al ook FAFSHAl 40.2~1211 peq /LY F%E WEE Ha, 200299l 1211 n
eq/L, 19973l 40.2 peq/Le] %5 YEIUAT T Q194 oA 259 74
© nss-SO4 = 160~455 peq/Lel WS B, 2005199 455 peq/LE FH o,
19999 160 peq/LZ HA2 = YeERYAL o7 NH, 2 143~548 1
eq/Le v&% WHYE BHFa, 20060 54.8 peq/L= Hd, 19999 14.3 peq/L=E
HA FEE BEAY E NOs 2 106~29.0 peq/Le] 5% WHE 3, 20054
o 29.0 peq/L, 1999%d ¢ 10.6 peq/Le FX& YEUIITE o5 AAAE 249714
AEEY AA FEFE 16~37%E AA AL, HE 3de] 240 = 0% A=E
FAsE Aor ZAHUTY. £3 EFS] AFAES nss-Ca’'e 2% 21~142
ng/Le % HAE Bz, 20019 142 peg/LE H F%E, 19989 2.1 n
eq/Le HA s=E YEhA o™, 5% HIREY A& HERH AT
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Table 7. Volume-weighted mean pH, conductivity(uS/cm) and concentrations

(neg/L) of components in precipitation at Jeju City during 1997-2005.

Year 1997 1998 1999 2000 2001 2002 2003 2004 2005

pH 4.9 4.9 5.0 4.8 4.6 47 4.8 49 4.8
No. of data 61 46 50 43 46 44 o7 49 42
Conductivity 186 245 133 205 289 277 179 214 346

H 166 132 100 147 21.3 21.0 161 124 178
NH4 189 194 143 163 225 204 281 408 548
Na’ 402 915 385 467 763 1364 488 667 96.7
K 41 105 3.5 2.1 3.4 2.0 1.1 14 6.1
nss-Ca”"™ 9.0 2.1 44 07 142 9.8 7.0 22 130
Mg* 70 180 117 122 178 228 122 117 286
nss-SO4 " 318 303 160 275 391 226 203 191 455
NOs 168 169 106 162 238 194 142 178 290
Cl 402 924 409 538 766 1211 444 705 8389
HCOs 0.3 0.4 0.5 0.3 0.2 0.2 0.3 0.4 0.3
F 0.6 0.4 0.3 0.6 2.2 1.3 3 - -
HCOO 1.0 256, 1.9 3 ghl 0.6 7. &) - -
CH3COO 0.8 1d 1.0 1.3 Y 0.4 1.1 - -
CH3S03 005 007 002 002 005 000 005 - -

2 [nss—Ca’'] = [Ca®'1-0.04x[Na'l. ° [nss-SO,° 1 = [SO 1-0.25%[Na']
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1 Mg2+

—— Na+
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year (a)

HHH nss-SO42-
CEINO3-

—— ClI-

1997 1998 1999 2000 2001 2002 2003 2004 2005
year (b)

Figure 10. Yearly comparisons of the concentrations of (a) cationic and (b)

anionic precipitation components at Jeju City.
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Figure 11. Seasonal variations of volume-weighted mean concentrations
(ueq/L) of pH, conductivity (uS/cm) and ionic components in precipitation at
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v A2 A7 dAEe] vaA FHSta pHF w& A9 AS Thssithe
Hi% Qth(Kumar et al, 1993). &= 7|4 &0]=(HCOO , CHsCOO )o] E%
129l nss—Ca” 7] 4#73(0.443, 0.392)3 EF F7]% 23] Al ®o] B4
T NHy 99 4340198, 0.211)2 f7]14te] Edo 2Ry A4 HEFAS 7t
sl 9l Aoz 34 ETHChebbi ef al, 1996). L8]l +7]4H&0] 2(HCOO
CH,COO)3 HCO57(0.321, 0.292), NO3 (0.201, 0.253), nss-SO,* (0.270, 0.327)%3
BEE3 A#AAA} nss-Ca”’ E AT G2 o] LERT ¥ F AR Wol F

o1& 44 TAAN AEA ol WPAM B3 gL eGEAo|
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719931S Ve A E wiAle = Ith(Kumar et al, 1993). whHo] MSA+
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Table 8. Cross correlation for ionic precipitation components at Jeju City.

Component H' NH; Na' K’ Mg®  NOj Cl  HCO3; F HCOO CH;COO CH;SO; nss-Ca’ nss-SO.*

H 1 0301 0166 0.089 0129 0494 0179 -0.233 0.068 0.030 0.093 0.116  -0.085 0.433
NH, 0.301 1 0209 0414 0302 0.742 0212 0.182 0408 0.198 0.211 0.206 0.409 0.764
Na’ 0.166 0.209 1 0426 0633 0419 0986 0.098 0.025 0.041 0.017 0.208 0.325 0.379
K 0.089 0.414 0.426 1 0431 0423 0444 0326 0.202 0.09 0.145 0.030 0.456 0.521
Mg” 0129 0.302 0.633 0.431 1 0.500 0.646 0152 0102  0.143 0.126 0.175 0.299 0.522
NO3 0494 0.742 0419 0.423 0.500 1 0415 0173 0325 0.201 0.253 0.222 0.496 0.829
Cl 0179 0212 0986 0444 0.646 0.415 1 0.094 0.018 0.038 0.016 0.204 0.317 0.378
HCOs;  -0.233 0.182 0.098 0.326 0.152 0173 0.094 1 0.138 0.321 0.292 0.096 0.783 0.306

F 0.068 0408 0.025 0202 0.102 0325 0.018 0.138 ! 0.162 0.124 0.005 0.299 0.387
HCOO  0.030 0.198 0.041 0.095 0.143 0.201 0.038 0.321 0.162 ! 0.788 -0.027  0.443 0.270
CHCOO  0.093 0.211 0.017 0.145 0126 0253 0.016 0292 0124 0.788 1 0.078 0.392 0.327
CHsSOs 0116 0.206 0.208 0.030 0175 0.222 0204 0.096 0.005 -0.027  0.078 1 0.179 0.236
nss-Ca” -0.085 0409 0325 0456 0299 049 0317 0783 0299  0.443 0.392 0.179 1 0.621
nss-S0 0433 0.764 0379 0521 0522 0829 0378 0306 0387 0270 0.327 0.236 0.621 1
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Table 9. Volume-weighted mean concentrations (peqg/L) of protons, possible

proton donors and neutralization factors by NH;  and nss-Ca®" in precipitation.

50 < pH = 55

55 < pH
Cations Anions Cations Anions
H' 66 nss-SO/ 121 H 2.3 nss-SO,~ 23.0
nss-Ca® 32  NO;j 9.0 nss-Ca® 229  NOj 12.1
NH, 174 F 0.6 NH," 221 F 0.9
- - HCOO 1.7 = - HCOO 16
CHsCOO 0.8 - CH;COO 1.1
Total 27.3 Total 24.2 Total 47.3 Total 38.6
NF yy 0.83 NF pg 0.63
]\']}?nss—CaH 015 NFrszfCaz’ 065
Free Free
L 27.3 — 6.0
Acidity (%) Acidity (%)
pH < 45 45 < pH < 50
Cations Anions Cations Anions
H' 504 nss-SO, 718 H' 17.8 nss-SO/~ 29.1
nss-Ca® 147  NOj 49.8 nss-Ca®* 73  NO;j 19.0
NH,' 46.6 F 1.0 NH, " 286 F 0.9
- - HCOO 1.7 = - HCOO 16
- CHsCOO 14 - - CH3COO 0.9
Total 1116  Total 125.7 Total 53.8 Total 51.6
NF yp 0.38 NF 0.60
NF, . cp 0.12 NF,._ ¢+ 0.15
Free Free
o . 40.1 o 34.6
Acidity (%) Acidity (%)

? Free acidity (%) : [H+]le/2Z (acidic anions)
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Table 10. Results of varimax factor matrix for the precipitation

components at Jeju city.

Components factor 1 factor 2 factor 3 factor 4
H 0.240 0.516 -0.576 0.093
NH, 0.146 0.789 0.162 0.212
Na’ 0.957 0.142 0.079 -0.059
K' 0.489 0.163 0.570 0.059
Mg” 0.899 0.205 0.218 0.027
NOs 0.311 0.851 0.040 0.153
Cl 0.968 0.119 0.058 -0.056
HCOs 0.124 0.182 0.886 -0.015
F -0.219 0.451 0.202 -0.068
HCOO -0.043 0.111 0.039 0.935
CH3COO -0.049 0.127 -0.014 0.931
CH3S03 0.268 0.307 -0.020 -0.056
nss—Ca’’ 0.277 0.476 0.765 0.111
nss-SOs* 0.269 0.830 0.265 0.190
Eigenvalue 3.3 3.0 2.2 19
Variance % 239 S 159 135
Cummulative

239 45.2 61.1 74.5

%
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<ABSTRACT>

Total 438 precipitation samples were collected in Jeju City between 1997 and
2005, and their major ionic components were analyzed. The reliability of
analytical data of precipitation has been evaluated by the comparison of ion
balance, electric conductivity and acid fraction. In the results, it was found that
their correlation coefficients were in the range of 0.977~0.994, indicating the
good quality of collected data. The volume-weighted mean pH and electric
conductivity were 4.8 and 23.0 uS/cm, respectively, with the ionic strength of
0.23+0.20 mM. The marine (Na', Mg”', and Cl ), anthropogenic (nss-SO4*, NOs,
and NH;) and soil (nss—Ca®") species have contributed to the ionic components
of precipitation samples with 43~74 9%, 16~37% and ~5%, respectively. The
seasonal variations of NO; and nss-SOs* showed a distinct seasonality with
higher concentrations in winter than summer, indicating an increase of fossil
fuel consumption and a possibility of long-range transport of those pollutants
from continental area along the dominant winter westerly. The levels of
nss-Ca®’ also were appeared the highest in winter and increased comparatively
in spring season, possibly due to the soil influences including the Asian Dust.
The acidification contribution of nss-SOs° and NO; showed 88~96%, and the
free acidity was in the range of 6.0~40.196. The backward trajectories for the
case of upper 10% nss-SO and NOs; levels have passed through the China
continent before their arrival to Jeju. The precipitation of pH below 4.5 has been
occurred frequently when the trajectory’s path lied over the China continents.
On the other hand, the air masses from the North Pacific area were
characterized by lower 109 of nss-SOs~ and NOj concentration, which
demonstrated that air mass from the North Pacific was the cleanest among air

masses moved to Jeju.
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