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Abstract

The rain waler samples were collecied al Chunchon and Seoul by using wel only automatic sampler from
January 1996 through December 1997. The daily base rain water samples collected over than 95% rainy evenis
during the whole period. The samples were measured both pH and conductivity, and were analysed major ionic
components. SO,°7, NO;~, Cl-. NH,*, Ca?t, Mg?t, Nat and K*, by ion chromatography In 1996, about 77% of
sampled rain water showed below pH 5.6 and the 60% of rain water was lower than pH 5 0. The volume weighted
average pH was 4.7 at all sites. Tn 1997, the volume weighted average pH was 4.6 and 4.9 ai Seoul and Chunchon,
respectively. Among the ram water samples, 87% and 55% of samples showed below than pH 5.6 and 5.0, respec-
tively. The pH value of Chunchon was significantly (p<C0.03) lower than Seoul at the rain samples for less than 20
mun rainfail. However conductivity of the rain samples were 20.9 uS/em for 1996 and 27.7 pS/cm for 1997 at
Seoul, and 19.1 pS/em for 1996 and 14.1 uS/cm for 1997 at Chunchon. Hy80: and HNO; contributed 65.9% and
29.6% of free acidity at Seoul, respectively The ratio of [NO;~]/[nss—80,* ] were 0,43 at Seoul and 0.51 at Chun-
chon for rain samples for less than 20 mm rainfall.

The annual wet deposition of Cl-, NOs-, SO, H*. Nat, NH,", K~ Mg2™ and Ca?*, respeclively, 568.8
kg/km?, 14893 ke/km?, 3184.8 kg/km?, 20.9 kg/km?, 249.4 kg/km?, 1091.2 kg/km?, 189.8 kg/km?, 90.2 kg/km? and
7024 kg/km? at Seoul for 1996; 656.4 kg/km?, 2029.7 kg/km? 3280.7 kg/km?, 27.2 kg/km?®. 229.4 kg/km?, 1063.9
kg/km?, 106.9 kg/km?, 78 2 kg/km? and 645.3 kg/km? at Seoul for 1997; 116.9 kg/km?, 983.3 kg/kar?, 1797.0kg/kan?,
214 kg/km?, 83.2 kg/km?, 648.1 kg/km?, 78.0 kg/km?, 22.2 kg/km? and 368.8 kg/km? at Chunchon for 1996; 100.2
ke/kmz, 1077.6 ke/lkm?. 1754.0 kg/km?, 13.4 ke/km?, 146.0 kg/km?, 602.3 kg/km?, 88.8 ke/km?, 16.2 kg/km? and
206.8 kg/km?® at Chunchon for 1997.
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Table 1. Analytical conditions of lon Chromatography.

Cation Anion

P NH:T, Ca?T, Mg*", S04, NOs~, Cl-
Analytical ion K+, Na*
Separation column  CS12 AS4A
Guard column CGl2 AG4A
1.8 mM NaCOs™

Eluent 20mM MSA 1.7 mM NaHCO;
Regenerant SRS 25mN H:50,
Eluent flow 1.0 ml/min 2.0ml/min
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Fig. 1. Relationship between pH and rainfall of studi-
ed rain samples.
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Fig. 2. Relationship between pH and conductivity of
studied rain samples.
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Table 2. The ratic of equivalent concentration of ionic species in rain samples with particular pH value and

rainfall.
Rain E.C. NO;y 502~ NH.t Ca?t NO,~ NH,~ NH,* -+-nss—Ca?™"
Date pH fall
(mm) (uS/em) E.C E.C. EC E.C. nss—802  ngs-Ca?  NOs~ +nss—S50.42"
05/14/97+ 3.56 10.3 1520 0.58 227 096 0.20 0.26 4,79 D4l
01131097 1.86 44.2 1120 2.01 L.20 210 0.59 1.47 3.60 (a9
10/25/96¢ 4,20 270 184 0.57 143 090 0.37 041 251 064
Avcrage 1.03 1.86 132 038 0.58 3.63 0.58
G/ 167960 7.26 210 470 0.51 2.54 150 331 0.21 0.36 243
07020967 715 18.7 327 1.04 384 4,05 112 0.28 3.62 105
06/21/96> 6,64 11.5 9.0 1.09 3.18 319 258 0.33 1.24 136
09/02/97 640 332 22.9 1.66 34 245 0.92 0.57 2,78 0.73
Average 1.09 318 2.90 248 .35 200 1.39
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Fig. 3. Frequency in pH of rainwater collected at
Seoul and Chunchon from Jan. 1996 to Dec.
1997.
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Fig. 6. Relationship between calculated and measur-
ed electric conductivity of rainwater collected
at Seoul and Chunchen from Jan. 1996 o
Dec. 1997.
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Table 3. Mean, minimum and maximum
from Jan, 1996 to Dec. 1997.
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pAiSke] BAZ Jehln ok pAit —log[nss-
SO+ +NO )= Hlaj 9719 fﬂ—mmﬂ} Aol ¢
o] BEF Fhelexl ZAsg 4ke] e 2 Ak
& A% A% piE rigd 239 79 & 4%
o] 1:14ef] 7l7be] E=Z: a8 502 NOy-7f
H™g Ashd g2 s wlde] AT L]
el A HejA4= S0 1) NO: 7} HY o 9]¢ o}

values of ionic species in rainwater collected at Seoul and Chunchon

R .
el i BC €0 NOy o SO&T HT O Nal o NHY KT Mgt Cet
mn pS/em ueg/l
Seoul
Mean 210 4.7 20.9 148 225 609 193 9.9 56.0 44 6.7 3L.8
1966  Mm. 0.3 42 T2 2.3 6.2 15.1 0.1 01 48 a6 1.3 7.0
Max 128 4 72 1970 2968 4272 7467 575 2225 5227 96.0 98.1 703.8
Mean 167 4.6 207 215 38.1 795 264 1.6 68.6 1.2 7.5 37.5
1997  Min 10 3 3.0 4.3 3.0 88 0l 0.4 4.5 0.3 0.5 29
Max 929 71 1810 1793 2246 5543 2754 1684 4867 301 60.1 4491
Chunchon
Mean 174 47 156 34 16.2 383 220 37 36.8 20 19 138
1996  Min. 0.2 3.8 4.3 0.3 1.1 69 0.02 0.03 1.6 0.2 0.1 0.5
Max.  I08.0 7.8 2000 2072 3356 706 0 138.0 1339 5610 85.9 1407 9946
Mean 214 49 14.1 29 1.7 372 13.4 63 34.0 23 14 07
1997 Mm 13 43 47 0.1 29 7.6 0.4 0.1 5.5 03 02 07
Max. 910 64 1460 751 3207 6299 507 78.1 4306 228 425 3719

9397 8534 A 15 A 2%
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Fig. 7. Compatison of pH and pAi of rainwater collected at Seoul and Chunchon from Jan. 1996 to Dec. 1997
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Table 4. Amount of wet deposition at Seoul and Chunchon from Jan. 1996 to Dec. 1997.

Ranfall Cl- N5~ 502 H+ Nat NH,~ Kt Mgt~ Ca?*
Month
mim kg/km? - month
Seoul

Jan 12.4 11.9 22.1 60.8 0.3 6.0 13.2 1.9 1.0 17.1
Feb. 0.3 20 0.0 122 0.0 0.7 12 1.3 0.4 32
Mar. 26.2 160 59.8 10018 0.0 6.9 354 9.4 25 293
Apr. 20.2 17.2 82.6 2204 0.0 9.3 57.8 0.6 4.3 112.9
May 543 374 146.0 3104 0.9 4.9 95.0 9.6 3.6 43.0
Jun, 168.4 39.8 305.5 338.7 4.7 47 206.3 159 4.1 88.2
1996 Jul. 569.0 216.6 463.9 1335.9 9.8 1217 425,1 108.5 42.8 214.9
Ang, 122.6 66.6 204.5 382.9 4.0 237 1220 82 T4 37.6
Scp. 6.4 4.0 142 40.4 0.0 07 166 00 0.0 1.7
Oct 41.6 239 38.7 96.6 0.8 99 371 85 7.7 23.9
Nov. 60.8 120.6 136.1 2558 0.3 47 1 7513 153 14.8 83.0
Dec. 8.0 127 6.9 300 00 136 43 0.4 1.5 426
Total 1090.2 568.8  1489.3 3184.8 209 2494 1091.2 189.8 90.2 7024
Jan. 11.5 381 813 205.8 01l 178 41.7 6.0 5.5 54,7
Feb. 5.7 27 12.9 19.6 0.3 03 03 02 02 14
Mar. . 14,1 3.8 12.6 39.2 0.4 13 6.7 0.5 0.3 4.0
Apr 457 288 164 4 245.8 11 7.2 323 8.6 8.4 66.9
May 250.4 597 2565 661.3 64 182 127 2 16.4 %6 75.6

Jun. 87.6 - - - 34 — — — — —
1997 Jul. 2533 127.9 799.9 932.7 9.0 50.6 419.1 2212 159 104.6
Aug. 103.5 1227 198.0 321.5 1.8 50.8 163.7 15.6 153 1114
Sep. 72.0 139.5 161.5 264.5 13 223 541 6.1 43 0.2
Oct. 474 72.1 195.0 3743 10 363 103.3 19.8 103 81.8
Nov. 76.7 32.2 1266 177.4 1.2 15.4 60.1 0.1 5.8 T4.6
Dec. 1.9 28.9 209 38.6 1.1 10.9 252 2.3 2.7 20.9
Total 10019 6564  2029.7 3280.7 27.2 229.4 1063.9 106.9 78.2 645.3

Chunchon

Jan. - — — - — — - — — —

Feb. - - - - - - - — — -
Mar, 50.9 17.5 552 87.6 0.9 73 235 61 1.7 24.0
Apr 57.6 20.1 98.0 2632 1.1 13.2 75.8 21.6 4.4 140.0
May 224 13.2 770 120.8 05 6.5 36.3 10.0 2.6 52.0
Fun. 2213 2549 3252 571.1 39 15.7 2754 201 5.0 94.3
1996 Jul. 4209 18.1 208 4 403 6 20 229 110.2 123 3.2 8.1
Aug. 80.3 10.0 526 102.5 0.9 38 43.2 3.1 1.0 12.5
Sep. 23.7 35 50.9 75.1 09 26 24.7 1.7 21 20.1
Oct. 69.7 74 73.1 129.6 37 8.6 36.9 2.1 1.5 10.2
Nov, 22.1 1.3 42.7 43.6 0.7 3.6 22.2 09 07 7.6

Dec. - - - - - - - - - -
Total 974.8 116.9 983.3 1797.0 214 83.2 648.1 78.0 222 368.8

Jan. - - - - - - - - - -
Feb, 28.9 51 52.3 97.5 11 3.0 228 24 0.6 131
Mar. 14.7 3.0 22.8 43.3 0.2 2.0 113 2.1 0.5 7.9
Apr. 41.5 10.1 175.6 221.1 1.6 6.8 70.9 8.5 39 48.2
May 251.0 120 183.1 341.6 2.2 129 1297 134 1.9 16.8
Jun. 102.3 5.2 111.1 183.0 0.7 28 861 2.7 0.6 130
1997 Tul, 1504 16 8712 152.8 09 34 69.9 4.6 0.1 4.5
Aug, 1549 30.6 1699 2191 15 216 724 2 2.5 24.6
Sep. 96.0 9.4 71.5 138.2 2.6 176 328 8.3 1.0 15.8
Oct, 28.3 15.7 125.0 227.2 1.0 30.6 718 18.4 3.8 49 4
Nov, 8413 1.2 54.1 87.0 0.9 303 25.1 6.3 0.9 8.4
Dec. 29.4 0.4 25.0 41.0 0.5 151 9.5 7.6 04 51

Tatal 982.7 1002 10776 1754.0 134 146.0 602.3 38.8 16.2 206.8

a7 ek 415 A2 5
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