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Characteristic Analysis of Precipitations in Cheju
City : Acidification of Rainwater in 1997-1998
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The precipitation samples were collected in Cheju city and the major
soluble ions were analyzed during the period of October in 1996 to August
in 1998, The volume-weighted mean value of pH was 482, and that of
electric conductivity was 23.3¢S/cm. The mean concentrations of ions in
Cheju city have been found in the order of Cl” > Na') SO/ > NH,")
NO,” YH* ) Mg ) Ca®* ) K* ) HCOO™ » CH,COO™ ) F~ ) HCO;™ ) CHsSOs .
The comparison between several correlation coefficients has been applied
for the investigation of analytical reliabilities, such as equivalent
concentrations sum, the measured and calculated conductivity, and the
acid fraction. It showed a value of over 0936 so that the analytical data
has been in good reliability. Also, the ionic strengths of the precipitation
were obtained as well as the effect of the sea-salt components. The
origins of the precipitation components in Cheju city were studied with a
factor analyzing way, and they showed the most probable factor as
anthropogenic, oceanic, soil-sourced, respectively. The concentration of
CH,COOH was higher than that of HCOOH, and there was also a small
contribution in acidity by organic acids. From the MSA analyses, it was
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found that the air in Cheju city has been influenced by the pollution from
the other areas. The neutralization factors were 036-056 for NH,", 0.12-
0.25 for *Ca®, and the free acidity was 19-60%. The results of multiple
regression analysis has shown that the acidification contribution of acidic

gas (H,SO,, HNO;) was about 24%.
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AH3v = 18528 99 R. A.
Smith7} A 7FA7F 2 5o ¢tg 3
€ 7130 RAE ASLeE JFAF
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A3, g Q47 HEY ARE
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Ago Mg oEgo] F7] WFo]
m 1990l 9F 75%°ld AMe 9
Zgo] 202089 % 73%E A3
L AOZ JdiH7] gt &
3 v} AHFN FFS EA
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q HEY SA4Z UAEE A
Aol
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L B Nae AH
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9} E(33°26'50°N, 126°33' 27°E) 3=
AE L4 A3t 19963 109
e 1997 5¥7A= FF5AF 7
2 AFIFAT 19973 69 HE 1998
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2. B4 NRe Y
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Abe] Model 720A ¥ Model 81-02
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metere= U]+ YSIAIS] Model 349}
Model 3040 A=, dE TOAAMY
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22 A% ole ¥

SOZ7, NO;, CI° &°]22 Ion
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AEHL, o] W EFLHYL Aldrich
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st AYANM ZASAT IC 8
A olg foleed pAZAL
flow rate = 1.0mL/min, sample
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# L IonPac AG4A-SC guard
column, IonPac AS4A-SC separator
column, suppressore ASRSE A&
3Qo. F, HCOO , CH,COO",
CH:SO;,™ 4E 9HA ICHLE £4
tHon, 4 ZAL flow rate =
25mL/min, sample volume = 25puL,
eluent = 0.25mM NaOH33#} 5mM
NaOHelt}, o] o] £ &L IonPac
AG11 guard column % IonPac
AS11, suppressor= ASRS, ZHA27]
+ Conductivity Detector® A}£3}
$tH Andreae et al, 1987 ;: Hofmann
et al, 1997 . Jaffrezo et al, 1998).
T Na', K', Ca’, Mg," ol
LAFFBEYoZ BAsGPon,
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oo W FHole EAE EEE
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Table 1. The pH, conductivity(#S/cm), and volume-weighted mean concentration

(#eq/L) of rainwater ions

pH Conductivity

482 233

H' NH Na' K' Ca®* Mg” SO NO;” CI° F~
152 204 716 55 99 143 420 180 726 06

HCO;~ HCOO™ HCOOHr CHsCOO™ CH;COOHr CH3SO;"

03 1.86 2.02 1.50

2.81

0.07

« HCOOHr = HCOO~ + HCOOH, CH;COOHr = CH;COO + CH3COOH

(Aln = ([H'1+K)[A™]
K
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B wdE WYl ol &HY U 1
gy 7 7R W 8o 7t AR
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2t AEEY vxE€ X8R
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Figure 1. Correlation of [An]e, versus [Catleg+ [Hleq in precipitations

Table 2. Data quality control parameters and % imbalance

Regression result

% imbalance

Number of point 108 {10% imbalance 42
Slope 0.9316 10% - 20 %imbalance 31
Intercept 7.3986 20%- 50 %imbalance 28
Correlation coefficient(r) 0.960 >50% imbalance 7
* % imbalance = (Tcation=Tanion) X100 / 0.5X (Tcationt T anion)
1.0
0.8 |
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* ' °
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Figure 2. Scattergram of (Tcawon Tanon)/ Tcaton VErsus Tcaton
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Figure 3. Correlations of 6ca versus Omea in precipitations
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Figure 4. Scattergrams of conductivity difference versus emea.
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Figure 5. Scattergram of conductivity difference versus (Tcaton~Tanon)/ Tcation
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3. YE ol&y 54
31 o|2M7] & =4

Hl E 9] o] &4 7} (ionic strength)&
T3 A eI o)2AH7E
1997\d el 23mM+23mM, 199813l
= 24mM+25mM9] L Hdh
T 79 ol2ANE T3 HEE
HW ok 509% AT A|REC] &F
§ "EZ9 71FA<10'M °]39]
o]l 2AI71E HYXY UHAE 29®
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t}(Sequeira et al, 1995).
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Figure 7. Ion Compositions(%) of rainwater in Cheju city

£ BEHt NO,, SOF & 1a3 2
2 g71Fog wWag ZAY 29
B2 (SO, NOy)©ol th7IFolA 3+
Ao HMPLE A3 2a LYEA=R
FHz| o WAL FAY o]Fo

o3 9AY 99y FF¥E A
22y AdY A% HEY ¥
271 U FHAYY 2dH9E 4
HEYH NO, 9 7§ 34ds 44
7t2e] uj&o] QHYL T 243K
o ZAF Ak 9g 7ozt sHRAY
(a3 &9, 1994), ELF 9 NH/ ]
Az Algd 9siA NO, o2 A%
Hol EF A tr1FoE /Y
HHA 5o &3d +x Ao

_59_



AFAY SO, WMEE o]
229%, AAPF 132%, +4 80%,
sgwrdo] 559%% 7143ty Y=
RNoeZ ZAHIL AY(oEZ,
1995). & AFAY SO 9 A$
qol2F ENAAE 7IXZE U 3
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(Arimoto et al, 1996). m&tA] n| A}
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2EE AL 2 5L & 2Yd.
Ca¥s EYYAY AE AHEROZE
AL T dYo 93 BAHA %
7} F7t8e RO 2 Holn K'9
TEE Na', Mg”, Q1'% vj&% A
&g Jeh Ao

33 82 ¥4
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Table 3. Results of varimax factor matrix in Cheju city

components Factor 1 Factor 2 Factor 3 Factor 4
Conductivity 0.587 0.776
'S0.%” 0.902
NO;” 0.882
Cl 0.988
HCOy™ 0.879
F~ 0.602
HCOO~ 0.948
CH,COO~ 0.943
CH,S0;" 0.690
H' 0.802
NH. 0.829
Na* 0.989
K' 0.587 0.663
‘Ca” 0.904
Mg” 0.979
Eigen Value 4.36 4.00 2.32 1.89
Pct. of Var, 29.0 26.7 155 12.6
Cum, Pect. 29.0 55.7 71.2 83.8

34 §712k3 MSA9 EA

714 7149 #%3zl 9%
Wyog= 979 #79 {74
AR F5E HXdes WHHA
HCOOH$ CH,COOHY =LHE
Hlwsts ¥io]l o A HA W
HE NEo gF {714 AH W
23 AE == H YA BEd 2
Al F @354 rt oz
AF f714ke] e o84 &A
T3 3t 974 FE2 7|8
g #7132 EL isoprenedt
monoterpene®| %3] isoprene

A% A AN ALY wA

=]

or m

gt} (Likene et al, 1987). & &%
n] & 93] W&EH+= alpha-
olefins®] FAt3}el HME {74
o] AAE &4 doH olyF AIAR
g WEHHYI @Fo MY &
B3 g FHo /71448 st 7
g Aoz FAFHIZ Jdt(Galloway
et al, 1989 . Keene et al, 1988).
& gl A WE s = ethenedt
propene A HCOOH$} CH,COOH
£ A48 & doy o|FA A8
HCOOH$t CH,COOHE $712 &
3 A 7719 v YdiFo=
EL FEE HolX FUFH 7Y
o3 HEEHY JoBZ KA AR
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ApAl

mlo

S = 2 el Ao
t}H(Chebbi et al, 1996). 5 HA
HE #7149 =¥ E ol&3l= A
oz z}}'_ u:\— ;].)_q':qi;}. EL']
AoLHAY HENAM FH WEHE
F714te] A% A3 22 CH,COOH
7} HCOOHXE T} %2 F=& H
t}(Kesselmeier et al, 1998). ¥l
AARAY FY9rHadAE CH,COOH
Ht} HCOOHY} EL =% E Ho
= Ao ZAFENUEY ol 143
o2 Wad LA isoprened FAt
3r-g-ol 93] HCOOH7F A4 7]
E o]t} (Legrand et al, 1996;
Chebbi et al, 1996. Sanhueza et
al., 1992; Granby et al, 1997).
AFA AY HEAAM {7149
ALY BEYFHIFEEE TAR
A3 HCOOH$} CH,COOHY &

ok O

H

Growing "Season

7t 4AE F BAEN M =3, 4
B9 AAIZH3E~8¥)H vAgdF
Z17H9Y ~24)0 2 FE3H T
€ v & A% AN 2
¥EE HYYd. = HCOOHHT &
CH,COOH® %7} & A¥L ¥
2o v, HCOOH/CH,COOHY H]&
A& A7 v]AdA71e HskA
T7} 055/0298 A E 9] ujAA7E
o A7 o & S JeEhdo
(Table 4). =3 RMA (reduced
majr axis) regression®. @ F 7]
AAgol 27 }AAd (Figure 8)F
A B A T AR E 2
JAAFE Jdegddoen o
H;COOH:$+ HCOOH: F Aj o)
A 71¥AA HEHAY FIE
HAFERAAN FAHAE 7540l
E¥de A& v,

\
Ly
=

Nongrowing Season

y =1.43x —0.19 4| ¥y =084x+0.21
:j R2 =0.78 R? =0.76 .
012 o3
810 8
I g Iy
6 |
4l 11
2 CH3COQ~ 2 CHsCOO~
0 .. 0¥ R .

0 2 4 6 8 10 12 14

o
-}
N

3 4 5

Figure 8. Reduced major axis(RMA) regressions between formate and acetate

BN ¥% Z7y} Faisy, A8
8 w3718k 47719 HCOOH/
CH,COOH gto] ZF7tetes AL 4
2ol & ¥ PP 18
¥ HCOOHH.t} CH;,COOH7} © ¥
2 55 E Nl UE AL HE9

o o& 299 Qs {714kl A4
HE J&S vt AFAHLS
AFe FE IA T AR Y
Aol Ao fle HAAH] o
v A 7199 /I8 E 233

2 & ok ohEnX g S99

-62 -



$ 714k i3 A= gBol 5% A
Blo]y BermudadlA d+& HIAE
B U AEZRE TAHE &
s-ga W] P} v g B
Aol AEAN ZYIAELZRH W
%5 & isoprenedll &3 f7]4kol A
A¥gE 27t AHChebbi et al,
1996). 2R AT & Fe] FPo] &
A Ag el A WEo vs) Ay
08 §/149 Lt ¥ # 47
ANME UFd v ¥ & H
ol gtk EF UAHHA 1o
o3 f714ke] A Al FRF Q8
ol F7)4HE WEY F UE 2
ggez AFza, i o 9%

B8 948 2AY F U
(Khare et al, 1997). AFate W&
7h2ell A WA k= {7142 HCOOH
o) ®]s] CH,COOHS ¥%7} Eu
T gEA des AFA AFH9
HCOOH/CH,COOH¢] H|%E 1Ht}h
FL e Boly o AFAIF F
dAgor 7198ES 7heAdol sl
o 28y Az & A3
L% A o & ALE B
ol °o]l& #A3y] AWM= AF
A w&7txe] FARE ALY F
Q= COY NOL& FAo] FAl
olFoAY F Y FHHLE A
o] Hojo} & oz HT

Table 4. The comparison of formic acid and acetic acid concentration (arithmetic
meangmol/L) in rainwater during growing and nongrowing seasons

a .
Growing season

b .
Nongrowing season

Formic acid  Acetic acid FA/AA

Formic acid Acetic acid FA/AA

2.63 475 0.55

1.33 4.62 0.29

*Growing season (from March to August)

"Nongrowing season (from September to February)

H YlE9 uF AEQA MSAE
N3 A4 HEFET 021req/L
2 olF 32 g BHYArh AFA
Ao A RFHF WES CH.SOH
g2 BaAoMe BENAARE
Table 59 BR3P o™ A ZHOE
veldolA RoEs AFAG YE
ol MSAS o 2 FTLEE
Hol7 USS ¢ & Ub. AT
AFA AY AgdAs ANEF
MSAQ FTHH 7t tfh & 20ppbol A
60ppbol v & 3A (10ppb) &+

Aol ANREH ZAE A viTHY A
871 ®ol X@so] ol AR A
L gi9 2aE XF3E 3
Ao g Bwelt}

AFA AY YlELY MSAY Tk
(GeYds)E AFAER v2E
B 1998 o 851997 7H& >1997 &
51997 o E5>1998 E>1997 AL &£
2 Jeiygd. &3 MSAE s Y7
2 DMSP(dimethylsulfoniopro-
pionate) 7} de] g oto] oj& A&
5o} WA E CH,SCH:¢ OH 2t

1.

T
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Zho] F3jgtub3o] oA AHAHH
I Y 257 22 o FH
MSAS &7t $718te ez ¢
A U (Ginzburg et al, 1998;
Hansen, 1991). AFAj¢] 79 1998
Y o 8o MSAY k7l 713 &
s Bolx ot 19973 A E Y
TET 8 X ¥2 AeE Jg
Sot g2t AAHo= AAE F
T2 437 olgiNen Ity
o2 483 AMdIFAE gi Aolr}
A A

Table 5. Concentration comparisons
(arithemetic meanmeq/L) of
methanesulfonic acid(MSA) in

rainwater
*Brasil Cheju City
Mean 012 0.21
Min 0.04 0.02
Max 0.28 0.63
SD. 0.13

* Volume-weighted mean (Andreae
et al, 1988)

MSA+ 3| %7199 DMS7t 43t
He FAHAAN AASH7] o Fo
SO Aol sk AE 93
ZRAA AAHA AJAE FE-3}7]
A% FHAZ o] 8F F Yt} oA
2 MSAS SO 7} FE oA o
EE &A% A7y 434 F
3 §4Jo] vx3lr] wWEo MSA$H
SO FFHE & SOL Y 7]
& AT F Y7 HEY
(Legrand et al, 1998). DMS¢ OH
gzl % ARgiSe wi A

o wa} MSA/SO 9] A7l &
g3 £ AX F8 v Azg
7Haddition) 8+ 3 & (abstraction) %}t
<ol s P 5 i 2w
E7bS AR F2 AMAHERE
MSA, #&%h3 A4+ SO71 A4
He o 2571 2 Q0% 4
e s A SUtH(Alen et
al, 1997). AFA| A9 7% 1997
9 o F, 1998 g thi ¥ F
EE HHYIL SO/ MSAY HE
32622 o}F ¥A JElth Arimoto
%< PEM-West A 492 #HE 7]
28 FHEoAoLY o7 A HQaA
SO/ MSAS gkol AAX Y9 7]
T(18) Bt 433 A JeEdE
o|lfrE FHY 2¥9d T/ TF
TS A7 W Folet A
Ao, ojzfg R FYL HAE
g "a7t Jd& Aez HeY
(Arimoto et al, 1996: Gao et al,
1996).

4. 248 54

AFA A A Solex o
714 Fol29 ZFF FT & XA
o Table 69 e tH(Legrand
et al, 1996). AMFA] A QoA AHA
o1& FF Fol AN Yol
o] F&F jtH 7k & L HY
on E3 A Fol 559 A
ZQl ZAHE A 2 A AF
Ale) 7A$ 92%7F F71%(°SO,
NOs;™)o] 71 8s, {714 A& 9
NAEE T2 {7143 2% 71
T 18 X & Aoz Ay
Rt
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Table 6. Volume-weighted mean

concentrations(#eq/L) of
protons, possible proton donors
and neutralizing substances in
rainwater in Cheju city
Cations Anions
H’ 1520 nss SO 2184
nss Ca®* 676 NO;~ 18.03
NH," 2041 F~ 0.62
total 4237 HCOO"~ 1.86
CH,COO~ 1.50
CH,S0s" 0.07
total 4392

4.1 F3A A

Z 3} Q) A} (neutralization factor) &
Tae N3 AAEY FIEH
AERA o NARNEY %E A
Absled Bl F3AE the 9
Ao gRE T & dom AA
['sO&7], [NOs™ ), [(NH,'], [Ca*'l&
zt AR ZHETE YEND
(Galloway et al, 1989).

NFan . = [NH,]
(SO0 ]+ [NOy]

. 2+

NFec,- = ["Ca*]

('S0 1 + [NOy]

Table 79 14l o3 ALE F
3AAAE A-EE o Jeld A
o A3 17 F dHEZA E9714
AEQ NH, s} "Ca¥ol 9% F3t=
0612 Yelgth ¥ A¥ F NHol
o3 3L 36%~56%2 yiH
‘Ca¥oll g% FIE= 12%~25% 2
WA NHol 2% 53 &

2 AT ZAHAY 53
d%@oﬂ NH:ol ¢J%t 3} Z}%
2 Ao g Yelten Ca¥ol 9
Z3= 230 34 oy U
—% sty T3 HES AA
Ax el #APol & free aciditys
19%~60%—4 HAE B 1997
7t&3 Agol free acidityZ} 50%
ojAte]l & g Yee 5L B
At

o2y

Table 7. Comparison of neutralization
factors by NH,” and "Ca**

Season NH,” "Ca™ Free acidity(%)
1997, Spr 056 025 30
Sum 036 022 43
Fal 039 016 60
Win 040  0.09 51
1998, Spr 048 013 19
Sum 053 012 30
Mean 0.46 0.15 35

non sea salt Ca™"
[H+].. / L (acidic
anions)

1) U'ca”
2} Free acidity(%) :

T3 AFA AY HEANA F7)
Al A s 7 &L 92% °1%E
AAPoy AAg3t  F3AHAA
7}_31_ e 2 8 A}-A-l Lol
4 @8 ole HBAE 2Rt
9&1:}' (H*+°Ca2*+NH4")9}- (.5042_
+NO;T)ZHe] A S ZAH 2 2
3 T g7l AFBAS(r)7F 09062
Z uxd & g By o=
8o 443 9 FeAAAA ol
Aol F2 ALy Jx & A
BEY e FdFLE 3A
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Ak e om e

12 ThAZ HALH

SPSS EA ZZIWL olLal
thHF 3 B4 (multiple regression
analysis) o2 HIE9 FQ AA
ol dig P FolEY
A HA 7l E L ZRAEFHC.
‘SO ¢ NOs~ Zhzhe] disjA HY,
Ca”, NH," AE& 3 AN A
FA AY HES AAdxe F3
3 NH:9 CaCO:2] At 3¢l 7|4
&2 3y, WEQ 'SOF, NOs
Fol M A E (free acidity)

713 ‘SO, NO; 9] %L XA}
3l Table 89 %3¢t} (Kaya
et al, 1997 . ZA X et al, 1998).
& Table 9v Zt 53 A4 3
Ao X3 SPAFEY Fo 1)
&g ANG AoE ol 2z &
e & F= SPHSs 4zt
o Adld FLTE oudt o
ZF AN A AFA AYQ HE
2 85%9 SO} ZFd 13%=
H.SO,, 11%+ CaSO, 61%%=
(NH,).SO,2] ¥EZ, NO, = 68%
FoAA 11%7F HNO, 3%+
Ca(NOs),, 54%+= NHNO:;9 e 2
EA e AR A AT

Table 8. Results of multiple regression analysis for acidic anions and basic
cations using a stepwise selection method (PIN =0.05, POUT =0.1)

Dep.Var. Multiregression Equations R?
'SO2 0.261+1.004[H"]1+0.646[ 'Ca**1+0.548[ NH,"] 0.84
NO;~ 1.742+40.486[H']1+0.196{ "Ca** ]1+0.364[ NH,"] 0.68

Table 9. Fractions of 'SO,>” and NO;  explained by H+, ‘Ca?*, NH,*

Independent % explained _ % explained % explained Total explained
variable by [H'] by [‘Ca*] by [NH,'] (%)
‘SO 13 11 61 85
NO;~ 11 3 54 68

a = 2S¢ 9 & AN

A FA QoA 1996 109 2 E
19983 8¥7tx] HE AlRE ANFst
X HEFY FQ F8A4 HEES
43t O AAZRY 24 Ag

€ ZAEE, AF Y HE9
EAE ZAE A% g3 e A

1L AFA NY HE9 7t5HHE
pHE 4828 uUiA|zo =z okAlA &
Hetdlon, HEY s5gEg A7)
AEEE 233S/cme] MY W
A} T JHE /AL Ae A
22 #$AFUY.

2. Qg &3E 84 AR &
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A Az MEFEFFEE ClONa’»)
SO DNH,)NO; )H" ) Mg > Ca*)
K*YHCOO ™ ) CH;COO™ »F ) HCO4~
>CH,SO; 8] 02 ZAE UG

3. 4 dlolele] AEE ¥}
7] 9l&t Fol FHFE ¥} S
ol Pt Ut FBAFTE T
3 A3 r=0960°QY, BEELZ
BE A o] AxTe S A
Te7be] AFALSE r =098 F
Absjo] §-5% A4BAdE BTt &
FaolE Fx 7 o9 FFFE
Z2XEH 73 ARe&EH} &4 pH ¥
ANACEZHE 7§ AHEETY
ARASFE r=0936E GA] $538
AAAE B9 oy A2 RH
4 doletgd & B4 JIE
2 e IS ¢ 5 AU

4. QB9 ol2AM/= AFA A
Aol A 19973 23mM=+23mM,
1998 dol = 24mM+25mMe g
Hadg = ¥E A% F 9
Ho] A e v &L MFAIZL &
o] 29 63%9 Sol&9 54%E A
A& Aoz ZAE YU

5. AlFA] A1Y HE &3E A7
o] 7198 syl Y3l SAEAH
€ AAR A3 ANH 8.0l 29%,
i d8ko) 27%, EY 4ol 16%.
A& AFak 71490] 13% A= I
S njE Ao Z FAEAL

6. W18 2] HCOOH$} CH,COOH
& BAN3lod {7149 53 WE
AL Bt o] 7| E ZANG A 4
B9 AN ¥R BF
CH,COOH7} HCOOHHT} & %%
€ Efon {7149 A3t 7)o
T 7% AL RS2 #AAHUTL

7. W&o MSAAIES BXN3Y

SO /MSAY AFuE 7L Az
3269 UL RYe R ZRE 2
a8 F77F AF ez /Uy
I AL FHsAdel & RALeE HYUYh
8. HlE9 23l EAE AN
Al F3pAAE 3L ALY
< AN HF FIRJAAE NFw.,
NFc.-7Y Z+Z} 036~056, 0.12~0.25
9] S BHPoew HIEQ free acidity
= 19%~60% 2 YElRT £ o
ZF AN AAG AR AFA
g AL A7 A3 7
AL e 24% 2 ZAEATH

Z 31 E ¥
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