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Abstract

Precipitation sampls were collected in Chonju—city during October 1994 to September 1995 and were analysed
for major ions (Na*, K*, Ca’*, Mg?*, Cl~, NO;~, SO427) and trace metals (Al, Cd, Ni, Pb, Sr, Zn) in addition to pH,
in order to understand the chemical characteristics of acid rain and to estimate the origin of the determined ions.

Most rain showed a neutral or alkaline character, and only 35% had a pH lower than 5.6. SO~ and NOs~ are
identified as the primary contributors to precipitation acidity in this region. Neutralization of precipitation acidity
occurs as a result of the dissolution of alkaline compounds containing Ca?*, Mg?™ and K*. SO.2~ and NOs~ pre-
cipitation concentrations exhibit a seasonal pattern in which higher concentrations are observed during spring
months and lower concentrations during summer months. However, the seasonal behavior of H" concentrations
differs from this pattern, in that the highest concentrations occur during autumn months, owing to the different
influence of neutralization processes. In all rain, SO42~ concentration exceeded NO;~ concentration. The contribu-
tion of maritime sources to the total SO,?~ concentration was very low or negligible. For rain strongly affacted by
yellow sand, Ca?*, Mg?* and K* ions show a sharp increase in concentration, reflecting the increased amount of
dust and soil suspended in atmosphere. At the same time, SO,2- and NO;~ concentrations are at their highest levels
while H" values are not comparably elevated, presumably beacause much of the acidity has been neutralized by
alkaline substances. The seasonal variance of trace metal concentrations in rainwater is similar to that of major
cations. The annual wet flux of acidic pollutants and trace metals was calculated to be as follows: NOs™; 2.32 g/m?,
SO427; 5.34 g/m?, Al; 6.30 mg/m?, Cd; 0.62 mg/m?, Ni; 4.08 mg/m?, Pb; 9.76 mg/m?, Sr; 5.94 mg/m?, Zn; 111 mg/m?.

Key words : wet precipitation chemistry, acid rain, wet deposition, trace elements

WEl= dgirled 14 5 7P FEEe 3Ee
1. M 2 AN dog)= AL A o} ol 25t

: A FAE FA-EFA-AEA 5 GUA
AbdAbs]e] ke & Qzre] EEel ofs f A ZghAel s7A oJS o|AY|T 9L Wul

ox
o
M
2

o4

(e

J. KAPRA Vol. 13, No. 5(1997)



32 gl - AAY

o}y &} (Camuffo, 1992; Casado et al., 1989; Cheng et
al., 1987; Mosello ef al., 1985; Binns, 1985; Melack et
al., 1985), d|7] . 4538 AA7 o|FdReE ol

3 2 cdde] 29U wiEA A F¥HA @]

Wl M2 w712 ¥AS AT A
A o] 9l (Samara et al., 1992; Raynor and Hayes,
1982) A& A491e] A2 FH 2 Qv 5
3 fElvele 2 AT AANE =43k
158 FHRAE o)FT v FFFH JdFI}
el AdH el FatE Ao ot I ®atb opw}
AdEEelA FraEE W7l EAe] el o
T 3= AGHIL Qo] olel Azt AAAAL 4
H3 A o] 2T gl

Ao Bebd AE 2AFE eddlel W o
T+ oF 206 39t AA 4= F83 AR
s pese] Ao F il AR
A A7) Foll EHE BAHE F AAs
Eol 7oz ¥ A v}(Sansui er al., 1996; Camarero
and Catalan, 1993; Samara et al., 1992; Dikaiakos et
al., 1990; Schindler, 1988; Volker, 1988; Munger,
1982). 2=jv} 7 AdEel A5 A 2
9 ool o8 o of3s WAl gle] Ak
AAEHEL o)e4E H F9H FgHe dHME
oty = &3] o]siH A 4 ot

Felvel 9] A9 d3kg spofslr] $8ked
197003 FHHFE ZrpAd 2ol digk A Ao
A AAFI glev(elgd &, 1996 FEF 5
1995; o] FA &, 1994; £719 &, 1992; <]q13] %,
1989; A1) 5, 1986) o) ¥-+-0] WHH 2 A7)
o AAHA ZAsh AT AR FHo|
2 g3y 3l

T =TS AFAGAA A5 2S5
o3t e 71 ) F8 o d9Ss A
22 stetg 4 ol AgAq FARS LS 4
g 712 A8E FHY FHoE A 199434 H
o] AHE AR AP JYe A4 A 3}
A 9 FAU4 e AT () 5 1995)9]
gRFolch £ ellde 1994d 1044E 1995
d 9Y7A] A;E A Foll FHE ol xS
ZAbste] o] Ay o] B3t EAQS 3P
o] F2] AE}AE vhgoz AYTE AT

Fo Y44 g wiEdel 98 2@t

olrt
fri ol

N

o7 wdatsxl A 13 QA4S 5

,.
oz

2. ANEAAH A MY

2.1 MANHe BPZY
AFA G e Falo] Abe
Yo} Qor) A BEF 3
mme| ¥, F FFe AL HA¥
249 dEEoR o £

fu
i
i
_‘95,
£
b
I

T
N
fu

=3
AFE ZHHEA7 £AF gloen FH gF
1

4

o A4 AE sl 224, A48 Jg 13

24, BAANY 5oz DeAA %} ApAE A 2l5

T AEE 2FE QAR drede fUse
o]

AfBa £ 2HETRe] Ao} g A )
AMe wlad G N2 fAsT ek

73 A A4, 1995).

2.2 ABxi#H

A8 glubge] A& Y B 5 S AF3]
A 43 Y HtEE AenhE Aedr] s
AEdgn Adfed FFAEE A Sl AA
1me] Fep=EA] 7re] M71E AX]sle] AA|E}
Aot A7l w3 ALH FRrepz 93 A3

+ AA s e A el 33k
< 7Psg HAasslr] $8AM vb 2] Az H
Z27] 1~2mm®] 7o 43R gdgren] o o
F9] 74 vyt A q7kA] ety vr)h 1
A F FA g7 $A APAE puksln 4
F Fo 23gd =AE AAs] Y8 045um
o] what AR 2 A5 AT H AJRE o]
EALH TALL EAM L2 o] HAHI AHA

S g F 9A Easid b 5, 1995).
ol EAME Al A#3 AEE HAE 100
mle] E2|odAA el YT BH F o] 29 F3
o|it AAe o3t &AL WAIFY] Hhed 2 A
Ab 1~292-& 7l5te] pH 2 o]3l2 AP 3IAZ] F
wEste] BEAAI7A] @A (F 4°C) Easigo) &
o] EML AlfE A%t ARE IR 100ml
2] ZelddalA We @3 Y-l ¥ His]
Aot & Aks " AU B A8 AF
7l 988 F @AM AFH S0mle] FHE o



Boted TAUL WA RES WFAA 2 AL
F WBsted 94| 4°ColN WA BB

23 BAgE o @

A 8.8 pHE A 83 A4 A] OrionAl] portable
pH meterE o] £3}ed wiE ZA3|H . hpSF Fol
23] A9 Na', K% Mg 9 Car's) 4934 Al
Ca, Cut, P ) Zon el wlH L )2 A
QAE NLEio] oFsted ICP-MS (VG PRISM
2 3 skele) ¥2e) ARE WAEE 2o
2 2AsR) B2 Fuges 2ARA o3}
ol Wl Algel] HsiAE of Suf A2 53
NEEZ ol43to] A3, I, NOy ) S0 5
o gole ¥Ae WEdtm FAAYT FEA P
o Ax]¥ Ion Chromatography (Dionex-120)E o]
Foto] AR £ BFAA) BT H2T
71e] dA e g HARE 47] 93t Hed
BE pARS ARA(8"0) 2 4 (0D) THUA
HE A AL AT e V2T
gAld Al el 2 Fste] HFFA7] VG ISOTECH
PRISM I ol 43} ¥Aelslon) 24The B5
-5 (SMOW)el| oigh HEEHX} 0Dswow (%)
9} 8"Osmow (%)2 Feb AT (o] FA T A5,
1994).

oE

3. WH o 1

3.1 7|che) gy s

Sl F4E et slwe =4 33
F UEelA LAEE HEAHE A7 dg s
AelA AR AP FeIRes e 4 3
o olelat Fl% wARAL Aok A T Ak
9 44 FAU4Y) Ao Pl S
THHE S 2 AR &HFRH FHHLZ,
1988; o] FAlz} A4, 1994). &, WHA Azx7|<
& 1 d7}t(deuterium excess, d=6D-8820)¢] 10 ©]
Aol Wb FFA FE7IEE 10 o]3HE Ho e
2} akA W A TN ASE 2 VD
o wABAE sk o] F4% FEE A)
T 24717 B ASH BFAY Bhe) A
a9} S FHYANE 27 — 144~ -30%9} -
920~ -5.0%2] HHYE Hylom o|ZHE AAE

AEANA A4 A4 Han 24 373

Table 1. Oxygen and hydrogen isotopic ratios in

Chonju rain.
Date D (%) 3180(%) a*
1994/10/16 -37 -58 9.4
10/19 ~13 -3.0 11.0
10120 -40 - 86 28.8
11/18 -61 -93 13.4
12/ 9 -49 -84 18.2
1995/ 1/ 3 -92 -14.4 232
2/12 -84 -134 232
3/16 -60 -179 32
411 -59 -97 18.6
4/22 -28 -52 13.6
5/10 -33 -57 12.6
5/14 -5 -25 15.0
520 -36 -33 -96
6/ 3 -62 -77 -04
7119 -44 -3.0 -20.0
8/ 1 -60 -85 8.0
8/24 -42 -6.1 6.8
8126 -58 -75 2.0
8/30 -70 -95 6.0
9/ 1 -73 -9.9 6.2

* 4=8D-85140
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Fig. 1. d-values of rainwater collected in Chonju city.
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Fig. 2. Variations in the precipitation amount {(a) and
pH value (b) of rainwaters in Chonju city.
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Table 2. pH values in Chonju rain. Table 3. Analytical results of rain in Chonju. (meg/)
Season Mpi* SD Min Max  AR%** Characteristic VWM* SD Min Max Y.S#*
Annual 5.52 0.68 445 6.89 35 H* 2.99 8.04 0.13 355 1.35
Spring 541 0.61 4.83 6.54 38 Na* 52.0 753 1.94 246 346
Summer 5.82 0.57 5.30 6.89 17 K+* 20.2 26.4 0.75 142 70.7
Autumn 5.29 0.65 445 6.11 60 Mg?* 15.3 29.8 0.62 142 172
Winter 5.60 0.56 5.07 6.18 33 Ca?* 97.6 195 5.28 598 1299
) . Cl- 24.1 75.6 11.2 218 556
*Volume weighted mean Mpy=-log(Z{H*; X Q;}/ZQ;)
**Frequence % of acid raian NOs® 418 54.0 6.45 195 290
SO 123 241 10.4 1031 1312
HCO; *#* 347 62.4 0.00 194 246
o/ 1.21 0.58
7
& b . * Volume weighted mean  ** Strongly affacted rain by yellow sand
***Calculated by [HCO37]={4.45 x 10-7(1.028 X 10-5+[Ca?"+
. [}
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Fig. 4. Relationship of the precipitation amount vs. 100F b

pH value of each corresponding sample.
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Fig. 5. Relationship of the length of the rainfall-free
period before sampling vs. pH value of each
correspoding sample.
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Fig. 8. Variations in the concentration of trace ele-
ments in Chonju rain.
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AR2] Azt A4 ZFskgEe- Al 6.30mg/m?, Cd 0.62
mg/m?, Ni 4.08 mg/m?, Pb 9.76 mg/m?, Sr 5.94 mg/m?
2 Zn 111 mg/m2 o2 AFEE 9ok
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YA4E o SuP HALAL AAEA 2
A% ohest 2 2A4E 3ok

H* =0.45+0.005 C/+0.115 NO;~+0.022 SO4*~
—0.026 Ca?*+0.004 Na*—0.093 Mg**-0.126 K*
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Table 4. Concentration of trace elements in Chonju
rain. (ug/h

Element VWM* SD Min Max Y.S**
Al 62.9 83.0 2.1 313 177
Cd 0.62 1.82 0.1 8.63 2.69
Ni 4.07 11.5 0.25 36.1 46.7
Pb 9.75 35.6 0.5 172 33.6
Sr 592 17.5 0.16 27.8 84.7
Zn 11 174 13.8 631 260

* Volume weighted mean
** Strongly affacted rain by yellow sand
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Table 5. Correlation matrix of ionic species concentrations in Chonju rain.
H* Na* Mg+ K* Ca?* cl- NO;~

Na* —.0934

Mg2+ —.0361 0.9678

K* -.1172 0.9411 0.9015

Ca?* —.0957 0.9454 0.9746 0.8650

Cl- —.0619 0.9455 0.9787 0.8601 0.9794

NO;~ 0.2310 0.8139 0.8706 0.7800 0.8305 0.8234

Nory 0.1423 0.7999 0.8814 0.7273 0.8841 0.8709 0.8178
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Fig. 9. Wind rose diagrams of the concentration of
H*(a), total cation (b) and total anion (¢c)
in Chonju rain (’94. 10~’95. 9).
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