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Abstract

The precipitation samples were collected at a site in Cheju National University
and investigated for the major ion components of them during the period of
October. 1996 to May. 1997. During this period, the volume-weighted average
value of pH was 5.09 and that of electric conductivity was 16.61x#S /cm, and the
concentrations of ions were shown in the order of SO4%) CI) NOs) Na™) NHi"»
ca’™y K') Mg*’

For the precision of the analytical data, the correlation coefficient between the
sum of the cation equivalent concentrations and that of the anion equivalent
concentrations showed 1°=0.8745 (r=0.940), and the correlation coefficient
between the measured conductivity and the calculated conductivity was r’=0.9898,
showing quite satisfactory agreement each other. Also. the correlation coefficient
between the acid fraction from the equivalent concentrations of each ion and that
from the measured pH and electric conductivity showed r’=0.9107.

In the investigations of sea-salt effect. the enrichment factor of s0.*. ca’”. K’

was 9.1. 12.8. and 8.2, respectively, showing that most of these were coming to
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the air by the other factors rather than from seawater. On the other hand, it was

found that the Cl and N’Ig2+ were mostly due to the origin of seawater. In the

case of the effect of soil particulates. the enrichment factors of SO4%. CI. NOs .

and NHi showed quite high values indicating suspending in the air through the

other factors. however, some of Na and Mg2+ and most of K~ were found mainly

due to the soil particulates. Moreover, for the effect on the pH of rainwater, the

calculated neutralization factors of NH; .

Ca’", and Mg’ were 0.415. 0.274. and

0.101, respectively. It has shown that the hydrogen ions in the rain of Cheju city
were neutralized about 52% by NHi. and the Ca’' and Mg2+ have neutralized

them about 35%. and 13% respectively.
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Table 1. Sampling time and precipi-
tation of rainwater

Precipitation
(mm)
UN10-12 10712, 10:00 ~ 10/12. 19:00 13.0

UN10-23  10/23. 07:00 ~ 10/23. 18:20 3.0
UN10-25 10/25. 03:00 ~ 10/25. 17:00 13.3
UN10-31  10/30. 09:00 ~ 11/02, 09:00 61.2
UN11-04 11/04. 10:00 ~ 11/05, 10:00 1.4
UN11-05  11/05, 16:00 ~ 11/06, 09:00 25.5
UN11-07 11/07, 19:00 ~ 11/08, 09:00 3.4
UN11-29 11/29, 14:00 ~ 11/29, 21:00 18.8
UN12-04 12/04, 09:00 ~ 12/05, 09:00 38.7
UNO1-07  01/07. 11:00 ~ 01/07, 22:00 3.1
UNO01-23  01/23, 09:00 ~ 01/24. 09:00 5.3
UNO1-30  01/30. 09:00 ~ 01/31, 09:00 7.6
UN02-02  02/02. 01:00 ~ 02/02, 10:00 2.7
UN02-25 02/25. 11:00 ~ 02/26, 13:00 15.8
UN02-28  02/28, 19:00 ~ 03/01, 08:00 6.6
UNO3-06  03/06, 08:00 ~ 03/07. 08:00 2.6
UNO3-10  03/10. 01:10 ~ 03/10, 24:00 225
UN03-12  03/12, 01:00 ~ 03/14. 01:00 16.1
UN03-14  03/14. 15:00 ~ 03/16, 10:05 9.2
UN03-25  03/25. 10:00 ~ 03/26, 21:00 2.7
UN03-28  03/28. 19:00 ~ 03/29, 17:00 2.5
UNO4-01 04701, 21:00 ~ 04/05, 12:00 2.9
UNO4-18  04/18. 00:00 ~ 04/18, 12:00 5.3
UNO4-21  04/21, 07:00 ~ 04/22, 08:00 74.1
UN04-27 /27, 13:00 ~ 04/28, 07:00 15.4
UN05-02  05/02, 07:00 ~ 05/02, 22:00 5.7
UN05-07  05/07. 10:00 ~ 05/07. 21:00 48.5

Sample Sampling Time

!
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Table 2. Analytical data of rainwater ions.

Conduc- Cation Conc. (#g/mL) Anion Conc. (zg/mL)
Sample pH tivity
(uS/ecm) NHs" Na*  K' ca’*  Mg? S04 NOs CI

UNI10-12 4.37 255 0.58 0.22 0.12 0.09 0.03 258 068 008
UNI10-23 4.20 85.9 080 616 056 113 0.74 541 580 822
UN10-25 457 16.6 0.61 0.45 0.13 0.07 0.04 1.61 0.53 0.16
UNI10-31 5.02 153 0.59 0.74 0.19 0.53 0.05 2.14 0.95 0.54
UNI11-04 449 16.2 0.56 0.43 0.10 0.06 0.04 1.50 058 012
UNI11-05 487 12.1 0.55 0.16 0.05 0.42 0.04 1.99 0.43 0.07
UNI11-07 561 440 0.51 3.95 0.29 1.62 0.52 3.58 1.48 7.39
UN11-29 528 283 0.67 2.28 0.72 1.14 0.28 427 0.84 3.50
UN12-04 6.15 55 0.49 0.32 0.21 0.11 0.02 0.43 0.11 0.42
UNO01-07 5.04 60.3 0.91 5.56 1.04 1.36 0.70 6.16 1.94 8.27
UNO01-23 541 55 0.56 0.24 008  0.02 0.02 0.29 0.46 0.55
UNO01-30 4.83 17.4 0.98 1.18 1.13 0.91 0.12 1.85 0.84 0.68
UNO02-02 462 266 0.74 0.85 0.86 0.76 0.11 2.78 2.48 1.04
UNO02-25 4.96 218 0.80 0.62 0.72 0.88 0.10 3.42 1.36 082
UNOZ2-28 694 575 0.99 3.57 2.98 527 0.43 541 1.53 432
UNO3-06  4.73 196 0.84 0.37 0.31 0.30 0.08 202 089 078
UN03-10 476 175 0.84 0.39 016 025 0.06 246 L8 079
UNO03-12 440 25.1 0.68 0.53 009 015 0.07 1.72 0.97 0.82
UNO3-14 4.14 49.0 0.77 2.32 015 018 0.22 6.02 472 1.20
UNO03-25 437 29.7 0.63 1.01 0.08 0.26 0.12 2.80 1.63 1.51
UNO03-28 415 525 2.70 0.76 020 029 0.10 570 458 1.16
UNO04-01 4.57 19.8 0.89 0.39 010  0.05 0.04 1.81 1.42 0.82
UN04-18  4.06 71.0 2.21 0.94 0.49 1.31 0.06 878 3.9 1.56
UN04-21 528 55 0.31 0.28 0.01 0.06 0.00 069 065 0.46
UN04-27  5.06 75 0.20 0.03 0.06 0.08 0.02 0.49 0.57 1.37
UNO0O5-02  5.66 106 0.43 0.14 0.21 0.18 0.04 0.70 1.11 1.56
UN05-07 501 95 0.11 0.14 0.06 0.03 0.02 0.71 0.63 1.03

Mean 491 2799 0.77 1.26 0.41 0.65 0.15 2.86 1.57 1.82
Max 694 8590 2.70 6.16 298 527 0.74 8.78 5.80 8.27

Min 406 545 0.11 0.03 0.01 0.02 0.00 0.29 0.11 0.07
S.D. 065 2138 0.53 1.66 0.60 1.04 0.20 2.16 1.47 2.40

VWM 509 16.64 054 0.68 0.24 0.40 0.08 1.90 0.93 0.99

* VWM : Volume-Weighted Mean
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Table 3. Data quality control parameters and % imbalance.

Regression result

% imbalance

Number of point 27
Slope 0.7284
Intercept 9.2632

Correlation coefficient(r) 0.940

(10%imbalance
10%-<20%imbalance
20%- 50%imbalance 10

»50%imbalance

* % imbalance was calculated by (Teation—Tamen) X 100 / 0.5%
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Sob "ok Jeu 4PEe SE ogs
FE $4BH glolE fAde] LR i

tration weighted mean equivalent
conductivity)& o] &3 A 2(2)o] & A
Abol sheated, F 7bA] Wy oz A" AF
FE vwsy ¥4 AUz g #0g £ o
(Peters et al., 1989: Kramer et al.,
1996).

[(H' ] _
[Cafl + [H" ] [An]

AF= (1)

AF=

NN A, & Folese] ¥EiF #E
Aegoln, A, e golese &

z BERBAEEIN, A, = H'Y

Azxolc} o] o AEE A4 dag &

2 gokste] Table 49 +Estitt
Ze oz Yolg g oles

4 ofl
off

L

t o X

EELE
ol g-8la] AFE Al4tsln, T pHY S3E A
NAEEE oflf3le AT AL M= ¥z
3 oA} o] &3t o] 242 HlmYFA H/H
Tx Buyd FAld Xeste v TEH
yoz HM FAUcE Qe 4 gt}

2 dFeM A 270 AREES A
£33 pHet ¥4 Zdz2e (D)o o3
£&g 73ln, £ 2 AlRE Al A
g pHeb A7 Hﬂ TE oj&3td 2(2)d 9
& &S T+ AHE Table 51 et
Wit _x.??l o] F7z] byl o3 Al4te
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Table 4. List of equations for the calculation of conductivity and acid fraction.

Equation Unit Meanig
o0="H JAeqn +ZonleqAeqi gscm ! Electric conductivity
_}ieqh = Zwm,/lm gsem ! Conc.-weighted mean equivalent
7
conductivity of anion
Zeq;,.l = Zweq./lkq. psem’! " of cation
+ A gt A,
AF= [£]_ e g Acid Fraction
[An] (—9 y—a. +7A
[H—] A, €q
Table 5. Comparison of acid fractions(%) AFZHolle A3AF * = 091072 ¢33
calculated from ion concentra- AL HET B AR BEA ARse
tions and from pH & conduc- gAHoz = 2N Aucs Jegum 9

tivities
S l AFIml Conc.,
ample  AF,, c... AF wr,
P tom Conc. o, Comct. o,
UNI10-12 63.6 46.4 1.37
UNI10-23 14.4 12.3 1.17
UNI10-25 57.6 43.2 1.33
UNI10-31 126 10.6 1.19
UNI11-04 73.4 66.4 1.11
UN11-05 26.7 236 1.13
UNI11-07 0.80 0.70 1.06
UNI11-29 2.60 270 0.97
UNI12-04 2.40 1.80 1.32
UNO01-07 2.30 2.10 1.10
UNO01-23 129 26.3 0.49
UNO1-30 20.6 158 1.31
UNO2-02 18.8 17.0 1.11
UNO02-25 9.40 3.30 1.13
UNO02-28 0.00 0.00 1.43
UNO03-06 237 187 1.27
UNO03-10 18.7 19.8 0.94
UNO03-12 334 41.0 1.30
UNO03-14 30.8 350 0.88
UNO03-25 335 338 0.99
UNO03-28 314 316 1.00
UNO4-01 320 31.8 1.01
UNO04-18 30.0 27.1 1.11
UNO04-21 136 184 0.74
UNO0O4-27 149 25.1 0.29
UN05-02 2.80 3.10 0.89
UNO05-07 18.0 20.2 0.89
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Table 6. Correlation coefficient(r) of rainwater ions

H NH." Na’ K ca®  Mg®  SO&  NOy cl HCOs

H 1

NH 0.652 1

Na’ 0106  0.109 1

K -0190 0194 0.494 1

ca” -0.140 0204 0367 0934 1

Mo® 0041 0079 0993 048 0563 1

SO& 0632 0703 0613 0422 0305 0572 1

NOs 0779 0616 0334 0118 0168 0488 0770 1

cr -0020 0053 0949 0407 0520 0966 0514 0423 1

HCOs -0264 0040 0262 0831 089 025 0181 -0055 0206 ]
4 9t o] & gjstel B Aol BN A Mg ofe RN AT EF 4R
25 = H', NHy". Na'. K°, Ca*", g W olz) JERE Fz Aya g9l
Mg?™ %ele3 SO,°. NOs, CI, HCOs & WAHTH NOyv 93, m4489 A
Lol watrx s Filu 7 HEETY 4 (biomass burning) 9 A8 d4H .
ABAr-E 7l o2 AH/E Table 69 F olo] 9l&hM. = SO4.7 (non-sea salt)& 3}
289t Table 6914 He uiel o A Ed B AR g o drlF
SO.~9 #A$E H¥ NHi shel aAF7t of EASNE AT AR o) F 4
0.703. H <] A#A47F 0.632, Na'¢ o olgj® gold o wAsHA dch
o] ATALE7E 061302 vwA & A8 SO.Y. NOs & tEE 7o) daz Hg
& Holm Ytk ol 80,7 F=z2 He Aol BA=EE 22 Patelw, nlA
(NH):SO;, H:S0,. Na:;S0.9 ez o dojzE Fol gol FHEH dv Reg &
1% ZAstn UL v NH™ A AR Pdn. ZEAel BlEe] HA fHE F
peo $2e WAE wa 48 24 S gtk ol YRES AN FE WUE
dal Fz wzEd o|F 4 80%H=N F o] aY, ALHe FHAE AR Ft A
2o AR od wHste Roz LA e Bsig g B Y F 7
ath(Howells, 1995). NH. & ti7]1ZdA Aol A S wel di7lFe] W@

H.S0,9kel wg4o] ob3 A4 HuS04-H:0
o] o] g¥ Alxgle wWE £x2 d& Bt
of 71Fol J# ‘431- TFEo o
E(albedo)dle Ae Aoz 4¥
A slen AFA 2 HlEdE HE X
of vla} WlmA o EFAdn U+

4 99t} (Zhuang and Huebert, 1996).

}S Zumol
=

l'

ot

2o
=

o
=)

JH =
'\L‘a
L. o
= =2

]
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ol & wol LA Hot.

NO; & H 99 4#&AS7 0.779, NHy~
sto] A#AS7E 0.616, Na ¢k FaAs
7F 0.5342 F2 HNO3z, NH.NOj. NaNOy
o P2 di7lFel BhEel e Aoz #
AT oleid NOs o MAHZFS sHds
of @i osl A" NOJH H3HF o
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& AA 724 AHHNOOH LAY
HANOy )2 dEsn Ady e o
2 7l H%, HNOs® NHi9

i ,
4 do2E £e &4, Y FEER A
Wog olFsta Mt AL HE &

A ske £3417]

(Zhuang et al.. 1996).

dhdof o slddabe] g ko sl o
N1Feg fEE Aoz gzl ¢l AR
A% slde FAHEA Na oo A@As}
0.949. Mg’"ste]l A@AF7 0.96622
NaCl# MgCld "z dizl 5ol fd=x

Aee L 5 Ak

2) Pt Tl m 24}

AF2G thrle] S dFA o) b3
AReon AUzt gL Bol ¥m 3l
Aog Bol HEZFde Hde F8 4
Na". K*, Ca’", Mg®". sO*. cI
Eo| ¥lwA ol BH AL Aoz o
o} ol & A7 et oled HEES

FxHl & vladtd sdsixte Jdxg
Batn, AFA A HE EHE x4
o FEARAM FHE Na'9 2S¢
T3] e fdol o Aoz BHm Na' &
AHZ g olge] HEYHE ol T&e
2ol 9J8] FEHAF(enrichment factor,
EF)E Astd 1 Z3E Table 79 &
bt ch( A 4aFel, 1994).

>
oX ML o L&

3 e 12 ox iz o

EF= ( CY/ C KV ) Ruinwuter/( CY/ C ANe” ) Seawater

é} oﬂ Ai ( CY/ C Na* )Seau'afer’l% SH .4[‘:_0] '19:—0’] )‘{;]
%B] 0] AL ( CY/ C.Nb* )Rainu'urer—t— ‘3! = Ol %9—]

dEdlelr. Cyxolld X& SOy, CI', K7,

Table 7. Seawater enrichment factors
(E.F.) calculated from rain-
water analytical data.

( CX/ C.\'a )Ruhmuter
lon Ratio (C\/C\u )Seauu/er
( C,\' / C,\'u )Seuuurw

S04° /Na’ 0.25 9.1
Cl/Na’ 1.80 0.8
Mg® /Na’ 0.12 1.0
Ca® /Na’ 0.04 12.8
K /Na’ 0.04 8.2

Ca’", Mg? 9 #H#sxTo|lth, Table 7ol
7 g 4ee) $3A57 19 A% ol 4R
A5atel fdod @ Aoz B & g

A
T M
.ol o] 1B} E4E2 ol HAREL
Py
3

7Sl EAste AA TR F QAR
Aol o7 oFo] AYAH Ao AT k9
% 40% FHxeolw, F2 shfol}t £k 0|y
2o AAARAM FAE 22 HLY B
AJ ez LA Uk, o F
DMS(dimethyl sulfide)¥ AAR 3o
s WEs= MM & 90~95% ol4E
At A3 o|FA el wrEg

DMSe #3g whgel o3t 4bziyrgo
SO E Aol 53] M o] ge
3 =t 2A FrHg(A71E. 199
Berresheim, 1991: Pio, 1996). ¥ @+
M 7HE 5L ¥EE Holm Y& SO

A% F2 A3 2 o8 gl 3o &
A1 oy YdBe &Y Fagnr #BA7}
g Aoz Helt}

Ca’ & K~ @A E.F. @l ztz+ 128,



HEA Rl WS S % B4 ololEte] HUEH U

o
e
4

3) EGYAY 7l E 2AL
dutH o2 HEFolE drF F/E £
ol AE fslo BlEge pH, =X

o= T =

b g EREel g ez A o
O, ® QPeldE Ca¥ g AEYROE E
Frezse A8 YRSl AFA A4
Ygel of= FE AU UEA A
et 7t oleEF Ca’' ol BEME ZF
o A SUYBEES FYHOE YA

drl. Ca®' e AE ARoz thge Ao 9
& E2AFEFIE AisSED(Carmi-
chael et al., 1997).

EF = (CX/CCaZ’)Rainu‘afer/(CX/CCa"’)Cmsr

Aol (Cx/Cp)onwe BEFHES HE

H] O] A, ( CX/ C Ca** )Ramwater‘t_-' t/'l € ol 29

FEuleln,  Cyold XE& S0.7. CI,
NOs. NH;*, Na*, Mg®", K9 #aE%%E
olct.

o] 2o oa EdozRE FYHAEZ 7t
4ol 9lE& SO/, CI. NOs. NH.",
Na". Mg?"., K* 4¥S° W&l EF. &%
Asstn 2 AzE Table 89 FE38%t).
Az daoM et alxsixiz gl Aol
olgf g E.F. gol 1o 7171 &4E o 4
Beo eqydale #3ld 9z Aoz E F
en] o] go] 1Rt} 4% olE AEE2

2 89 o8 urFd FYEHASE o
olghth, Aol BEo] SO, CI, NOs,
NH; ¢l HEE2 EF. @l ot

=2 o0
L =
HolZ 93 olF 4¥EL EUde BE §

d AzE B Wl Fe BREHD AFE ¢
% 9lth widol Na'v 2.69 @& 24 o
BE gE g9d o& diziFd 4=z
I, K'AEe A9 14 71712 & ey
o] 2 EYYUR 93 ti7lF] fdxHn
slom Mg® AERES X7 EFUANZREH
fFAH T S-S AU £ AAgY

Table 8. Soil enrichment factors(E.F.)
calculated from rainwater
analytical data.

( C\/ CQ, )Rul‘nuurer

Ton Ratio (Cx/C o ) ot
( C\/ CC«" )Cmst

S04% /Ca*” 0.004 1105.3
Cl/ca®” 0.004 703.4
NO; /Ca® 0.004 605.1
NH, /Ca®”  0.004 299.1
Na /Ca® 0.760 2.6
Mg® /Ca®”  0.330 0.7
K'/Ca® 0.660 1.0

4) A3 53 54

AutH o2 B4 F Faol2e HaSO4.
HNO3z 2@ 271 39 CO0:¥ &l o& +

2 APEe Aoz LdA don, HFd
pH MalE F2 S0,5, NOs2 HCOs9
el #Hol ag. a3y &5% CO: ®
ol olF pHel Wile @4 (HCOs)°l ¢
Ato]7] wj Bol] g4akel sejed 9fF FiolR
ol ¥%%& 559 ¢ pH ¢ 5.662 HAE e
Y Aoz gar stk & 5.6 °l89 pH
£ CO; %999 H2SO4, HNO; 5 & 9

FS nyelor gk AFAl A9 HlE9 pH
zx Az AF AR F 7MFHEA pH7E
5.099 ¢kAbgulZE 2 Ud ez #ls
Aok, 22y 2 AFoA Alge AH A
27t AFEHe 48 29715 AYF be
AL, B vz $rel MHHY AL FAA

OOV

b
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AFAl A Zee A Hidd 24 Ao HEe pHel a8 4¢E nals HA2E

2 sddd 2E NH,. Ca’’. Mg’ NOy, SO/ £
T 7o A F Fholes wayo] % 5 & 93, °1F SO,7. NOsE 9Egy

H2S0,4 HNOyol 7110 il s e A=z F w2 go] FbEARE NH, T,

¢} SO,% (non-sea salt sulfate). NO3 ¥ Ca®", Mg’ A& wgz 2wst 2g q

T Alolele vlwAd  AuHAE Yyed A ol Frtete 4ol AUtk olF HREY ¥

oltk. ol & ERIEty] st FAo] g8 HE A A2 RE NH, 7, CaZ Mg?™ Ay 27

ZEAgE dal Fhol2Ewd S0.7 o &l F3<AzHneutralization factor)E

NOs x4 4ABAE AEIAY. o] o Tatd Azt Eo] pHel diF 7ld A=

FaoleEEd SO FEYY AWAFE v AFHor A & dtkJickells et al.

= 0.632 °o|Uxn, FLol2Fx% NO;y & 1982. Kulshrestha et al.. 1996: Saxena

zote] A#AAFE v = 0.779°1U}. ol & et al., 1996). o @ F3Axl= thEo 2o

o] F@AFr viaE ZA s ez 2RH 7€ 5 den oA (SO.7).

Mol ge el 400l HuSO; Y HNOy (NOs ), INH,"). [Ca®"), Mg*)e 2 A

22y 2AYE Aoz AdHrg oE % o G Es s Ve

AR Axe diE Jldxng Ay 93l

o FaolFTd S0 FE, FhollEE [N 1.,

% NO;y BEstel BAZREH fHARA N = 750577, + (NO; 1w

{regression analysis) & 4Alstdch. 37

FAel 718718 Fatd A x(free acidity) _ [ Ca*™ 1.,

ol @ 7ld=E P& A H.S049 HNO; NE e = [SOY 1., + [NOj 1.,

9 Jldxe &7 42.2%. 81.5%9 He=z

YEG T (Pio et al., 1996). AHdule] AP [ M 1.,

27 (precursor) & #4800 22t Mue T o211 [(NOS L

BE(NOJolz, oldg d8aAse F=2

VAR ddol & FAEv, dr]FolA olgt 7o woz ZzlolxET AHAls B

o] HFAIZre]l vmA #He Hol ol & s NFy. . NF g, NF, -9 @e 7

ol &t FHabd W Ee FAE ol Fo] stesln, 20.695. 0.341 01298 ~x& wag

%zw 2ol A FHAAMA AYL T e
= A, AF:A A WBe 4 A A AFA AE B AS Fholee u

2 60% H=7F NHyel 98l F3=la gle

AFA AR e FetFo] ofF e

2AHEHE A EA @ Fw

T ENE WS L2 9%E

o7t sivh ol FH Ao gL
)

o

FHer geotstr] e WE 49
[ *
L

o, BEgdAtld fAEn e AAAR
Ca®” @ Mg™'ol 93 Fah= ZHz 29%.
1% A%Q ZHog gelgdnt,

I ale r[o

Bl
o oig
O 2 ofN ad afl i o

W7l sde AL ol%e e TRHQ V.2 2

A7t o Foiror & o How B

 dA A% 4% Beot dg o= Azxden 2aolREdlA 19969 10€
Bl ¥E 19979 52741 uEARE Adn
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