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Abstract

The amount of inorganic ions such as Na’', K, Ca®, Mg®, NH,', Cl', NOs, and SO in
the precipitation at Chongwon area were analyzed during the period of February 1991 -
June 1993. Ammonium ion was analyzed using Nessler and indophenol methods. Cations
were determined by atomic absorption spectroscopy, and ion chromatography was used for
anions. For the entire period of study, there was no particular ion which has significantlzy
high correlation coefficient with hydrogen ion. The correlation between NOi, and SO,
was 0.6, which suggests that these ions may be from the same source. Most cations have
high correlation with each other. In the seasonal analysis, the nitrate and sulfate ions have
high correlations with the acidity in the fall and winter. The rain waters of Taeahn area
showed usually high concentrations of the ions, even though the pH was much higher than
that of Chongwon area. It is considered that the ions came as neutral salt in Taeahn,
while NOx and SOy contributes largely to the acidity of rains in Chongwon.
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Fig. 1. Location of sampling site in the rural area of
Chongwon, Chungbuk. A wind rose indicates
frequencies of annual mean wind.
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Table 1. Inorganic Components in the Rainwater of Chongwon Area (1991)

Date pH H+ NH4+ Na+* K+ Ca2+ Mg2+ C1- NOj3 S042-
3T3.8 T07 B5TT] 1043011 12575 ITAT T8 373 ST00] 220.00[ _ 349.66
5100 1.52 33.90 17.60 .00 3.03 357 5.43 128 17.74 5671
31.2.10 7,50 §3.10] _700.46] 11261 19.48 537 33.35 6206 11280 32688
5111 7.06 §7.10] _411.96 3.5 593 773 17.13 30.7 T334 349.78
51.2.14 383 413 33.50 2371 T.00 1030 15.81 8.46 5.63 1164
01327 33 23.98 1658 0.00 773 G17 14.72 7337 30.06]  89.33]
51.3.16 3.50 15.14]  1720.30] 35207 3547 13.18 03| 276.43]  298.34] 1086.87]
51318 344 153 77.67 19.03 307 8.56 17.56] 11.28 T7.74 §0.38
313,91 110 3337 1436621 15333 7383 10.43 37.49 LX) T 64543
97.3.96 375 1778 13.90 3113 13.96 88.36 37.10 3360 12.90 52.05
51.4.99 342 O] 276.38 3437 37| . 0.46 737 3357 13.54 16.66
5156 338] 41687 1241 37.57 1.13 7.58 18.02 31.03 16.13 8328
91.5.7 4,20 63.10 72.05 38.43 1.56 6.01 14.47 25,39 2747 71.04
91.5.25 4.73 18.62 615.23 9.61 0.56 5.10 11.28 8.4 24,19 4997
1.6, a1 0.9]494.96 2837 539 11.02 33.36 7831 35.48 9785
31.7.17 335 eI 188.43 17.40 10.23 376 14.57 7530 30327 149.01
91.8.06 3.03 8013 327.01 3175 1275 1734 149 31.03] " 200.64]  208.00
51.8.30 724 3734] " 600.60 T755 30.46 37.13] 10479 SA88[ 32253 4164l
31.9.3 300 100.00] ~ 238.33 T7.40 T2.79 3.03 39.94 75.49 70.0 333.13

5T.10.13 1.0% 123 48231 TR0 TeT 28] ATI33[ 798.40]  902.68 T1.29] 1936.20
31110 T4 114.82]  600.60 73.03 15.81 A3 T3 10009 338.66]  582.07
91.11.19 4.39 40.74 188.45 60.90 23.02 21.30 99 80 73.34 12579 208.2
91.11.23 3.83] 147091 166.28 56.55 17.90 20.57 74.85 . 83.86 353.95
31.12.8 18] 165.06]  836.82 86.00 §3.04 GA.17]  190.80]  126.04] 3805 516,00
37.12.10 42 1800 77.60 36.10 279 .03 3403 3.0 3350 120.76
31.12.93 159 3370 pERT] 148 767 163 .08 1503 30.96 79.12
Atk NHy o] &e Z7)E Nesslerd (Jeffery et Z 1992 595E 19939 6H97RAE e RE

al 19839)& AMgstdoy EMX7F ARt =%
7} W &4 1=t Indophenol®d (Lodge, 1988)%
AHEEth o) W Nessleriror & o 9z
3 7)golng ZF9 njFde NH, o&& 9
A4 AFE Rez A4Hn. Lol
Dionex 2000i Ion Chromatography& AMg-3te] &
A&l Suppressors AMMS-II membrane©]
AgEAT, LB 17 mMe  NaHCOs¢
17mM¢] NaC0sé &F &0 A4HAR &
< B3 20 w2 ot dojele 33 WHE 23
gt P FHsAoh

FE H4TY A 19919 297 ¥ 19939 64
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Table 2. Inorganic Components in the Rainwater of Chongwon Area (1992)

Date pH H+ NH4* Na+ K+ Cal+ Mg2+ Ci- NO1y- SO42-
92.1.3 3.86 138.04 886.82 1740 38.36 9.03 24 95 73.34 27415 749.53
92.1.6 4.33 46.77 37.14 13.05 2.56 4.94 24.95 22.57 35.48 112.43
92.1.7 4.29 51.29 53.21 8.70 5.12 4.94 29.94 56,47 35.48 127.00
92.2.13 6.135 0.71 13857 126.14 12,79 41.72 180.62 507.76 88.70 312,30
92.3.5 4.69 20.42 39.35 38.70 7.67 4.11 19.96 141.04 14,51 52.05
92.3.18 6.08 0.83 49 .88 OIS 5.12 17.28 89.82 73.34 29.03 114.51
93.3.22 4.44 36.31 17.74 2.61 5.12 1.65 9.98% 112.83 11.20; 24,
92.4.1 3.61 ~245.47 94.22 8.70 3.12 13.16 74.85 47.95 132.24 208,20
92.4.8 3.95 112,20 31.04 8.70 2.56 4.11 9.98 366.71 25.80 124.92
92.5.25 4.67 21.38 6/.78 2.48 4.99 53.49 47.00 11.28 32.58 129,38
92.6.4 1.96 10.96 52.22 0.00 3.32 17.96 7.24 27.64 17,74 477
92.7.10 4.72 19.05 96.11 313 22,30 18.06 14.81 39.83 38.71 130.42
92.8.26 4.58 —26.30 11,28 2.48 0.92 0.00 3.79 14.67 3.06 16.88

92.9.23 4.61 2455 13.33 4.09 1.97 0.00 1.89 2821 1.94 15.21
92.11.19 4.32 47.86 2222 3.13 2.35 6,34 16.38 30.47 11.29 31.67
92.12.6 3.82 151.36 33.33 127.00 2.30 27.84 57.20 64.32 63.87 130.00
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Table 3. Inorganic Components in the Rainwater of Chongwon Area (1993)

Date pH H+ NH4* Na+ K+ Cal+ Mgl+ Cl- NOy- SO42-
93.2.11 7.80 0.02 104.72 357.39 309.23 1160.50 &TTS 2()3.38 3519 48.13
93.2.16 6.77 0.17 67.06 27.83 8.21 —332.00 38.68 20.85 5.97 295
93.2.18 4.74 18.20 25.06 21.74 14.36]  60.50 9.05 34.37 7.10 22,71
93.2.20 4.86 13. 16.61 39.13 20.26 14.00 4.12 14.65 6.61 26.46
93.3.14 5.00 10.00 43.17 106.96 14.36] — 44.00 21.40 25.63 19.52 38.54
93.3.24 4.62 23.99 49.89 36.96 5.64 16.00 6.58 23.10 18.55 60.(
93.3.31 6.10 0.79 326.17 218.26 75.13 1164.50 208.23 106.76 286.94 1220.
93.4.1 5.80 1.58 29.22 3.04 0.77 8.00 3.29 52. 4.68 12.71
934,10 6.30 (.50 150,78 345.22 18.21 —582.00 205.76 332.96 93.35 451.4
93.4.22 6.60 0.25 128.33 75.22 22.56 365.50 93.00 337.18 45.32 17479
93.4.37 5.80 1.58 38.33 31.74 11.79 100.00 33.74 14.65 79.19 161.67
93.5.12 4.60 25.12 93. 10.00 3.59 17.00 5.76 11.83 24.68 84.17
93.5.16 4.00 100.00 21.11 12.17 1.03 5.50 4.12 14,93 15.48 37.29
91.6.1 3.94 114.82 10.11 9.13 1.54 16.00 1.65 16.06 19.52 36.67
93.6.12 6.06 0.87 93.00 16.52 6.92 6.00 247 16.34 18.23 57.50
(1) 2 22 xY GoleE 3 op

ABAG7 a0 AR olee
¥ oleste) FBA4 7MY 2m YEF o3

2 AFgME 5 FYT BUE 99 HE OF7te] ABAAE 7IAEE A4 ojge F2
54 BAsd o ABBVAE 2AEYEY FF NHNO:Y 982 %] 92 FHLEL ol o
479 g9 4% Table2 Table 17H 3°0 A o] EEolo]H vEY EY FozHH oY
A FolFch 7 oj2E Y A¥AAT 3 ZR0] U Ao ohirt BZET A o
Table 49 ebH AT & F4 oS AT A9 EE o|2EHR F

Table 491 Yo} e WE &9 o259 4# e ARAAE 7HA 2 Yo} ol WA 2L EF
BANME F4 o]& TE 2 ARBAS B g 2L AW BAESERE o] o]o] FUHRA
o FE E78 9 o] AU Fol2 Fo L 5AE B 0 g4 ol AL UEF
HE AL o] 20| F7t B FRAAE BT oj&yt} ZFolut vl o|2EH O E2 A
913, gole Fo|ME Z# ool I L $ BAAES 71AY. ol AL o] A Qo] nirhst Hi
o AABAS B FU} ol HE 9 F7) Qold U§F Auto|mz 4279 FHHvE 7|
Zho] gEE FA49 o FHZ fFYH2 I3 Wz So] &% KClojt MgChel dejz HE
AR B A o] Lo] HIEY A xe] 4TS 7| o Zgithe AL w3 Fuh
Adn ML £ A& Aot Fol2E9 AE F29 dREF L& A3

AN o] &3t B4 o] 2 Alele] A@ASFIL 06 = gAZ H2Y AadArt £ ooix
oz 49d Fio ¥4 EF=RH #UHNY Fol 259 HUde] BY BHogE AL ¥s
3 FEAY F At 2 F ol ¢EF ol *=

Table 4. Correlation Coefficients between Ion Concentrations
H+ | NH4+* ] Na+ K+ Ca2+ | Mg2+ | CI- NOj3 | SO42-

H+ 1.00

NH 4+ 0.08 1.00

Na+ -0.13 0.47 1.00

K+ -0.11 0.16 0.29 1.00

Cal+ -0.23} -0.02 0.65 0.45 1.00

Mg2+ -0.07 0.16 0.34 0.90 0.48 1.00

CI- -0.12 0.20 0.40 0.75 0.35 0.84 1.00

NOj3- 0.26 0.73 0.39 0.03 0.13 0.19 0.09 1.00

SO42- 0.06 0.63 0.45 0.68 0.36 0.77 0.66 0.60 1.00
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Table 5. Correlation Coefficients for Spring Rainwater

H+ | NH4*| Na+t K+ Ca2+ | Mg2+| CI- | NO3 | SO42-
H+ 1.00
NH 4+ -0.11 1.00
Na+ -0.221 0.61 1.00
K+ -0.231  0.59] 0.77 1.00
Caz2+ -0.221 -0.01 0.54] 0.68 1.00
| Mg2+ -0.17 0.04] 0.65 0.58 0.88 1.00
Cr -0.11 0.24] 0.54] 036 0.32] 043 1.00
NO;- -0.05 0.79 0.73 0.84] 047 0.49 0.28 1.00
SO42- -0.13 0.68 0.81 0.93 0.65 0.62| 0.38 0.94 1.00

Table 6. Correlation Coefficients for Summer Rainwater

H+ | NH4*| Na+ | K+ | Ca2+ | Mg2+| CI- | NO3 | SO4?-
H+ 1.00
NH4+ 0.01 1.00
Na+ -0.01[ 0.95] 1.00
K+ -0.03] 0.56] 0.39] 1.00
CaZ+ 0.26] 0.46| 0.32] 0.57] 1.00
(Mg2+ 0.06] 077 069| 0.60] 0.67] 1.00
CI- 0.06] 0.74] 0.56] 083] 0.80] 0.90] 1.00
NO;3- 0.39] 0.77] 06I| 0.62] 0.62[ 0.80] 0.83] 1.00
S042-| 0.25] 0.81] 0.66] 0.76] 0.64] 0.89] 0.92] 0.95] 1.00

Table 7. Correlation Coefficients for Autumn Rainwater

H+ | NH4*| Na+ K+ Ca2+ | Mg2+| CI- NO3- | SO42-
H+ 1.00
NH4+ 0.19 1.00
Na+ 0.17 0.81 1.00
K+ -0.48 0.50 0.52 1.00
Ca2+ -0.45 0.54 0.56 1.00 1.00
Mg2+ -0.43 0.57 0.62 0.99 1.00 1.00
Cl- -0.47 0.53 0.56 1.00 1.00 1.00 1.00
NOj3- 0.53 0.68 0.54] -0.26| -0.21] -0.16] -0.22 1.00
S042- -0.28 0.69 0.67 0.97 0.98 0.98]. 0.97] -0.04 1.00
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Table 8. Correlation Coefficients for Winter Rainwater
H+ | NH4+| Nat K+ Ca2+ | Mg2+] CI- | NO3- | SO42-
H+ 1.00
NHgq+ | 0.65] 1.00
Na+ -0.01 0.17 1.00
K+ -0.13 0.06 0.85 1.00
Ca2+ -0.31] -0.13 0.81 0.94 1.00
Mg2+ 0.12 0.18 0.67 0.59 0.52 1.00
Cl- -0.12 0.10 0.51 0.29 0.25 0.78 1.00
NO;3- 0.74 0.81 0.16 0.14] -0.07 0.52 0.20 1.00
SO042- 0.76 091 0.09 0.02} -0.19 0.39 0.25 0.94 1.00
Table 9. Correlation of NOx and SOk ions with acidity
Spring Summer Fall Winter Total
NOj- -0.05 0.39 0.53 0.74 0.26
SO042- -0.13 0.25 -0.28 0.76 0.06
NOx+SOy -0.11 0.32 -0.18 0.76 0.12
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Table 10. Differences of Ion Concentrations between Chongwon and Taeahn Area

Date | Places H* NHq4' Na* K+ Cal* Mg+ Cr NOy S04
37,335 | Chongwon 7138 5178 X1 159 3130 4700 138 TYIR] 12938
§7.5.95] Tacahn X! 5100 8304 312 7824 3761 3598 397 105.43
Difference® 074 0.16 097 003 032 0,13 70.50 0.57 0.19
57.6.4] Chongwon 1096 Ly Wvy] 0.00 132 756 724 7760 T7.74 750
97.6.4] Tacahn 26 50.00 15.00 738 717 39.30 BT 16 T4.58
Bifference 0.80 (1X%] 1.00 0.8 0.04 0.3 .04 0.05 0.27
[573.7.T0] Chongwon | 19.05 36.11 113 72.10 T8.06 28T 10.53 TBIT]  130.42
3.7.00]_Tacahn 734 D187 13833 73353 37.30] 10001 7676 97.58] 146.88
Tifference 0.88 0.05 ~0.08 -0.05 -0.81 0.85 0.59 -0.60 ~0.11
7.8.26] Chongwon ] 26.30 1138 748 002 0.00 70 1267 1.06 6.8
93.8.96] Taeahn 871 T1.67 0.43 1.46 1.30 8.58 10.72 332 571
erence 0. -0.03 0.81 037 T00 0.43 0.27 0.47 0.6
53.0.33] Chongwon] 24351 13.33 709 1.97 0.00 189 2821 194 1531
539.34] Tacahn 10.23 12.22 370 0.90 1,30 3110 14.03 177 0.00
Difference 0.38 0.03 ~0.38 033 -1 00 0.63 0.47 0.08 i
D3.11.19] Chongwon ] A1.R6]  32.23 T13 735 16.38 1047 1139 1.6
93.11.19] Tacahn 143 61T 197.00 3 m B 325.19] 135176 70011 19333
Difference 0.97 038 0.98 .02 ~0.96 -0.07 .93 0.84 07
97.12.6] Chongwon 3136 T3 1.0 730 7784 3730 5337 33871 130.00
93.12.6] Tacahn 0] 11333] 38361 38.53 97.16] 210.18] 36133 38.30 5702
Difference 0.99 071 0. ~0.04 071 ~0.74] 082 0.40 0.25

*Difference=(Chongwon-Taeahn)/Bigger(Chongwon,Tacahn)
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Table 11. comparison of Correlation Coefficients between the Ion Concentrations in Rainwater of Chongwon and

Taeahn Area
Chongwon Area
H+ { NH4*| Nat K+ Ca2+ Mg2+ Cl- NO3- | SO42-
H+ 1.00
NHg4t | -0.23 1.00
Na+ 0.98] -0.13 1.00
K+ -0.24| 0.85} -0.18 1.00
Ca2+ 0.16] 0.60} 0.23| 0.16 1.00
Mg2+ 0.71 0.25 0.72] -0.04| 0.80 1.00
CI- 0.82 0.07 0.84] 0.18]| -0.01 0.44 1.00
NOj3- 0.71 0.51 0.78] 0.34| 0.64f{ 0.85] 0.73 1.00
S042- 0.39 0.76 0.46] 0.55} 0.81 0.80| 0.43 0.90 1.00
Taeahn Area
H+ | NH4*| Na+t K+ | Ca2+ | Mg2+| CI- | NO3 | SO4%
H+ 1.00
NH4* | -0.15 1.00
Na+ -0.17 0.91 1.00
K+ -0.25 0.94{ 0.93 1.00
Ca2+ -0.31 0.53 0.56] 0.37 1.00
Mg2+ | -0.28| 0.25 0.45{ 0.191 0.91 1.00
Cl- -0.241 0.09 0.30] 0.03f 0.85| 0.99 1.00
NOj3- -0.15 0.61 0.38] 0.34{ 0.77| 0.45] 0.37 1.00
S0 42- 0.14| 0.52 0.46| 0.27 0.87| 0.72] 0.66| 0.84 1.00
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