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Abstract

Precipitation samples were collected by a wet-only automatic acid precipitation sampler at
Kangwha island on the western coast in Korea, through January until December 1992. pH, electric
conductivity and the concentrations of major water-soluble ion components such as NH.', Ca™, K',
Mg®, Na’, NO;, SO and CI were measured. From the result of checking the validity for
assesment of pollution level of precipitation samples by pH using correlation analysis between pH
and major components, and t-test of chemical composition between acid rain and non-acid rain, pH
proved to be not satisfactory for its pollution level. A more comprehensive method is therefore
required. In order to estimate the monthly analytical result of chemical composition of precipitation
samples comprehensively, a cluster analysis was used among the various multivariate statistical
analysis. As a result of making a cluster analysis for separating the monthly precipitation samples
into homogeneous patterns by setting the concentrations of nine major water-soluble ion components
as a variable, three homogeneous patterns were obtained. The first pattern was a group of months
having average ion concentrations, the second a group of months having low ion concentration, and
the third a group of months having high ion concentrations. Thus, it was indicated that the
pollution level of precipitation was higher on February and lower on May, June, August and
September than the other months. As a result, this analysis method could be estimated the chemical
composition of precipitation regionally as well as monthly.
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Fig. 1. A map of sampling site.
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Fig. 2. lon balance of precipitation samples at Ka-
ngwha.
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Table 1. Chemical analytical results of precipitation samples at Kangwha.

(*91. 12. 31 ~ '93. 1. 4)
Sampling PH  ECobs NH C&' K' Mg Na* < SO Noy RF T-C T-A
period #S/cm mg/L mm meq/L
T O e — —em e —em s .
1.11— 1.21 431 409 164 045 051 014 028 052 487 312 4.0 0.20 0.17
121~ 201 —=-= —mm= oo oo e ettt el ettt
X i T — e — e m———
211— 221 598 1411 304 374 319 195 1549 2322 1533 666 65 127 108
221— 301 398 808 170 142 058 061 375 651 999 450 8.0 050 0.46

301— 311 580 168 094 039 049 0.07
311—- 321 419 446 182 142 034 018

3.21— 4.01

080 074 365 137 7.0 013 012
078 129 707 374 9.7 0.29 024

401—- 411 501 223 141 039 024 014
411— 421 625 609 149 297 049 073
6.73 1259 318 735 097 1.10

4.21— 430

062 116 428 168 205 015 015
425 659 961 402 6.0 049 045
445 566 2117 9.04 6.0 0.85 0.75

430— 511 458 136 050 012 012 005
511- 521 425 363 125 076 025 013
521— 601 591 405 238 139 045 034

040 055 199 080 990 0.08 007
054 075 583 220 160 020 018
088 121 847 360 9.0 0.28 027

6.01— 611 585 224 134 050 111 0.16

086 149 391 140

11— 621 ——== == o oo —oee il IS
21— 7Ol  —=== == - e oo ettt
701- 711 435 416 260 044 057 012 079 122 779 274 510 027 024
711- 721 747 2030 691 026 383 050 446 799 960 081 175 073 044

721— 731 722 918 663 022 144 031

157 229 280 222 345 051 016

731— 811 520 57 004 001 010 0.02
8.11- 820 534 120 045 018 014 004
820— 829 449 193 026 020 014 004

039 074 113 049 965 003 005
039 047 224 136 1490 0.06 0.08
049 058 182 105 595 0.08 007

829— 913 444 253 092 033 030 009

9.13- 921 --—-

921— 930 501 49 019 020 021 0.00

084 158 38 138 475 016 0.15

030 063 0.79

930—-1011 584 207 197 035 037 004

10.11-10.21

1021—-1102 589 713 250 155 087 0.656

040 067 442 236 95 016 015

423 846 1136 5.21 75 048 056

11.02-11.12 469 528 131 087 060 059
11.12-1121 441 311 086 051 039 015

11.21-1201  ----

392 791 699
1.26 220 411 194 365 0.19 018

12, 1-1212 429
12.12—-1221
1221— 1.4 421 721 151

403 084 049 039 0.10

3656 702 895 374 185 041 044
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Fig. 3. Electric conductivity(EC) balance of preci-
pitation samples.(Here, ECoos is the EC
value measured by electric conductivity
meter and EC.a is the value calculated
from the ion components in precipitation

samples)
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Table 2. Matrix of pearson correlation coefficients for analytical parameters of precipitation

samples at Kangwha(N=24).

pH NH.* Ca** K* Mg®* Na® cr S0& NOy
pH 1.0000
EC 03016
NH,"  0.4039 1.0000
Ca®t 05769+ 06850+«  1.0000
K* 0.3800 06235+ 05238+  1.0000
Mg®™ 04407 06845+  0.7720++ 08771+ 1.0000
Na™ 03458  05636x 05950  09245%+ 09620%x  1.0000
ar 02054  05473%  05409% 09009+ 09455%x  0.9900++  1.0000
SO& 04361 0.8652+%%  0.9134%* 06313+ 0.8427+* 06892+ 06693+  1.0000
NOs 04275 08638+« 09034** 06175  08252+x 06713+ 06484+ 09815+  1.0000

* g < 001, » o < 0.001
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Table 3. Results of T-test to pH and chemical components of precipitation samples at Kangwha(N=24).

pH NH* & K'Y Mg Na* ar sof NOs
mg/L
Acid Rain (N=16) 455 1.08 054 036 018 121 219 481 207
Non-Acid Rain (N=8) 6.03 2.11 2.28 099 0863 392 6.01 974 421
Prob>| Tl* 00001 00088 00086 00141 00173 00500 00774 00123 00127
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Table 4. Monthly volume-weighted mean of precipitation samples at Kangwha('92,1-12).

Sampling pH H" NHy c&" K* Mg Na* O S0 NOs RF T-CT-A c/a
month mg/L mm meq/L ratio
92 1 431 0049 164 045 051 014 028 052 487 312 40 020 017 120
2 423 0058 230 246 175 121 901 1400 1238 547 145 08 074 114

3 442 0038 145 099 040 013 079 106 564 275 167 022 019 117

4 520 0006 175 215 042 043 200 29 838 347 325 034 031 109

5 455 0028 073 0290 016 008 045 062 29% 118 1240 011 010 116

6 58 0001 134 050 111 016 08 149 391 140 1295 018 015 123

7 43 0045 260 044 057 012 079 122 779 274 570 027 024 112

8 48 0015 015 009 012 003 043 066 146 076 1700 005 006 085

9 479 0016 037 023 023 002 043 08 154 057 1930 008 007 Ll4

10 58 0001 220 088 059 031 209 411 748 362 170 030 033 091

11 447 0034 097 060 044 026 194 372 48 202 490 024 024 099

12 426 0054 104 059 052 023 177 336 632 243 615 025 027 094
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Fig. 4. A dendrogram for the monthly chemical
composition of precipitation samples.

FIozln g s A11d A1 %

0. 04461 ’

Table 5. Loss amount of imformation according
to cluster analysis.

L cumulative increasing rate

Step %‘i“:qﬁfg Sermipartial partial of Semipartial
R-squared R-squared

1 0.00023 0.00023
2 0.00225 0.00247 9.98
3 0.00330 0.00597 156
4 0.00443 0.01040 127
5 0.00547 0.01588 1.23 *x
6 0.01426 0.03013 2.60
7 0.01462 0.04475 1.03
8 0.02520 0.06996 1.72
9 0.04460 0.11457 177 =
10 0.16980 0.28436 3.81
11 0.71564 1.00000 4.21

* %k A large and small classification according to
Semipartial R-squared.
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Fig. 5. A dendrogram for the monthly chemical c-
omposition showing classification to clus-
ters.
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Table 6. Average and standard deviation of monthly chemical composition according to each class.

Group H NH.* ca’t K* Mg?* Na“® NOs~ S04 Cl-
A AVG 0.033 167 0.87 0.49 0.23 1.38 288 6.48 243
n - ©.019)" " (0.55) (0.56) (007 (0.10) (068 (052) (1.33) (1.35)
Al | 0.04 156 0.72 0.46 0.14 053 293 525 0.79
[21 | (0.005) (0.09) 020 (0.05) (0.00) (0.25) (0.19) (0.38) 0.27)
A2 | 0045 2.60 044 057 0.12 0.79 2.74 779 1.22
[1] - - - - - - - - -
A3 | 0004 1.98 152 051 0.37 204 354 7.93 355
21 | 0002 (0.23) (0.64) (0.08) {0.06) (0.05) .07 (0.45) (0.56)
A4 | 0044 1.01 0.60 0.48 0.24 1.85 222 558 354
21 | (0.010) (0.03) (0.00) 0.04) (0.02) (0.08) (0.20) (0.74) (0.18)
B AVG 0015 065 0.28 041 0.07 054 098 247 091
[4] (0.010) (0.45) 0.15) 0.41) (0.06) (0.18) (0.33) (1.02) (0.35)
Bl 0.015 1.04 0.40 0.64 0.12 0.66 1.29 343 1.06
[21 | 0013 (0.30) (0.10) (0.47) 0.04) 0.20) (0.11) (0.48) (0.43)
B2 | 0016 0.26 0.16 0.17 0.03 043 0.66 150 0.76
21 | 0001 0.11) 007 0.06) (0.00) (0.00) (0.10) (0.04) 0.10)
C AVG 0.058 2.30 246 175 121 901 547 12.38 14.00
(1) - - - - - - - - -
AVG 0.029 1.38 0.81 0.57 0.26 1.74 246 563 2.89
[12] (0.020) (0.73) (0.71) (0.43) 0.31) (2.29) (1.39) (2.99) (3.58)

[ 1: Number of objects within each class.
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Fig. 9. Concentration ratio of C group and annual
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Table 7. Characteristics of each group.

Group Month Characteristics

a group of months having

A 113471011,12 . .
average ion concentration

f havi
B 5689 a group o moths aving
low ion concentration
c |o a group of months having

high ion concentration
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