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Hydrochemical Characteristics of Spring Water
in Cheju Island
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AT, =28, XE, S, A ES T S4B ol A3, AIEEE, AL A
3E, BAE, AFE, 3AE, Y3lE, THE, SEL dFE Y gl 2do] 2FQ SHTER
EREgch £X7We AV EER, pH, A4 AL, FehAlo] -2 Zhardko] HtE uf 1 FE7T F713
fom, YEF, ddo|E, Fio]| &2 ko]l Ws o 1 w=v) 24 ar, Z4Ed vhls, ZEd
ggfo] wlulsldet. Pipere] 4HztriololnaglE F3k ZAAY {3 FAELE Ed 2AAAYL
Sodium or Potassium type®} bicarbonate type®] & o]F9 1, FA7EA -2 Sodium or Potassium typed}
No dominant type®] 78 AJslgd o, AX| A& No dominant typed} Sulfate or Nitrate type] T+,
#}|QFR) -2 Sodium or Potassium type¥} Chloride type 3! No dominant type] B33 £X478 dAslxz
gt F AFE L-d,E fYasrt & 14 g FAZER G A+ bicarbonate typee] A48 A =
Aol AAY A sfetAd e g §E5 A non-bicarbonate type ] 2] A 2 WA= o7t it

Abstract : This study purposes to elucidate the characteristics of local water quality and the evolutional process of the
spring water have been studied with the samples from 55 selected springs, from the coast region to the Baegrogdam, a
caldera lake of Halla mountain in Cheju Island. Results of hydrochemical analyses in the 55 spring water show that
Gwaneumsa is pollued with high hydrogen concentration, and spring waters from Yuswarmchun, Jangsumul,
Dukjisemmul, Sinch'onk'nmul, Youngchunsa, Woonyangchun, Harwontongmul, Dongheamul, Seakdalsengsu,
Andukkyekok, Dotmul, Konmul, Harkangmul and Jungkeummul are polluted by the pollution sources from the surface
surrounding ground. Spring waters of Samyang3suwon, Meungbusa, Sernurungmul, Tosanmul, Jungkeummul,
Kwakgimul, Aewolharmul, Konemul and Nokgomul are also polluted from the sea water intrusion. The electrical
conductivity, pH and the concentration of nitrate nitrogen and bicarbonate increase when the precipitation increases, but
the concentration of sodium, chloride and sulphate decrease when the precipitation increases. The concentrations of
potassium, magnessium and calcium are nearly independent of the precipitaion. Quality characteristics of spring water
show complicated group of spring water through piper's trilinear diagram. The high mountain region consists of groups
of sodium or potassium type and bicarbonate type; the middle mountain region consists of groups of sodium or
potassium type and no dominant type; the low mountain consists of groups of no dominant type and sulfate or nitrate
type; the coast region consists of groups of sodium or potassium type and chloride type or no dominant type. These
characteristics indicate that the spring waters are changed from bicarbonate type in the high and middle mountain
regions into non-bicarbonate type in the coastal region, as the precipitated waters flow downslope.
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oAFA, 44, Bvil=, A, AE 59 4984345 (perched
spring)$} A8} 2 1 E8 X|3kr) 2| A A Lu)E o}
2 et o R fEdte Seun HelA Ho] g2 74
€& (basal spring)Z TEF & UH(FEAZTFA}, 1973,
o], 1992).

FHEETE 85| Ha EHoln] 7 EXAE I} F2
Aol Zah} 9ol 2ol Ho) o) F5F LEF
o]FojA i, 7IHEEFE o) YX|sHHA] Fake 9l
AN 2 FGE A - PHoE w1 9lon, Fgo] 23 =7
W TR 4552 o)Fo)A) ti(choi, 1990). 121
BFHR e Bl F3938A) A AAXA &4
2, AE E AR B2 sHgEsE 98 g3 ok
(], 1992). AFE RA5t5 A2AFe) 2 AFE AFTe] A
oA T} AlA A BFA 2 FEeH= D179 BAL 7}
Agkot g8 ARG} Q1 BHAAY Xk ] Frialg
o2 Q% 71E BAFY $5F9) AANE 24 FA9 e
249 37 2 sy n9REFE 2 ol fHAgM g}
A A FHR QviE 5, 1992, 1993; 4 =, 1992; 7
5> 1994; © 5, 1995; 6 5, 1986, 1989; &, 1994; &, 1986;
& 5 1989; 8k, 1991). w2t B A7s ned2 83450 4
AEAE detslr] Yty et WEg G535004 vt &
Aol o)|27174A] AEEE AFE AR s, FARN S A4
st Wi d 3 YEEY 1R o2 £2] 2EAT 2 oY
AR 383 AYG3A $AEN S setated 248 T4

ATX|odel e

Ay o x=

AFEY APL gurel Ao wat sf¢trel A st
5 oF 200 m7kA]| 9] #EA R T, 200~600 m Abo]e] FAkzt
A, 2 oAl A et HFFE-IZR 9 SepibA] Soz 3
THE, g5 AR Ay st de A Y 9
Aol F1 FetA7E B BES AAFHAL R, 1993).

AL HEEARN FSF, 2EYF, 2HAMNFY
AMEEE B SAGEEHAY, APTez TAF ga o
Bl =F2E UEUYA] ZR1YE 3739 $-3lete] £ Egto
2 2AsY AR Tge] B A F FAR R A &
AHAATH B AFA Alehe 2 oA skt e] A
He 2oz Bol AU gAUYFI & T 7AHE o]FE A
o7 FARPATHE, 1991).

FAE AFEY A¥ 2 AFEA we} Solg g
Ehdich. 2 2o 32 diAR Felila S S B4y
2 3to] o 609719 tadtio] B B BFan B &
- ARAGe A= Bt wge] F3) Wekslth(, 1991).

&4 FH-(head water)d2)e] MFuE 1,400~1,600 m
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oo e e fRae 2ud $550 WY TEe B
st fr7t Atz AFee] AAL ol T3 glon], B9al U

@] 542 23 ik Arl% B
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Figure 1. Monthyl variation of precipiation from May, 1994 to
May, 1996.

GRAOBE F2H, 24, 214 5ol Yo 5L BE
AFAY 85 1 598 T 9o
U5

AR D FeHe A, 14 315, AR, A7) ATE A
A 1994. 5~1996. 594 =AY zgo|tH(7|AH, 1994~

1996). ZA717EE%e] -2 Figure 13} 2+o] '95d 7€0]]
Ha 581 mmE A ZLFS 297, '943 69, 84, 953
59, 84d] ZIZ} 226.4 mm, 345.3 mm, 224.7 mm, 240.7
mmE & Yo vjstd B YEton, '95d 124 16.2
mmZ 7HF HY3, 943 119, 12€, '953 119, 963 29
o] Ztz} 23.3 mm, 29.2 mm, 33.7 mm, 26.9 mm% 40 mm 1]
ol en, 53] &% o] U™ 959 79RE 964
5Yrto) Z47) JIolE BT 29.6 mmo) AT Bo) FA)
AE 8Hpe] £E2FE A4 E 9L M.

19943 SYHE 1996\ 547X 2 145}t A5 &
¥E 29 AFA G0} 2,920.0 mm(LHTF 116.8 mm), HAE
A o] 4,057.9 mm(YLHF 162.3 mm), JAHE o] 37614
mm(YF 150.5 mm), 324t 2E=| o] 1,792.2 mm(YH
717 mm)2 MAZAFe] HRE 2P n, 2NN AAS B
Fom, A AA FF 24T 3,1334 mm(YH T 125.3
mm)E R}

HHd
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7A€} 1995 3YRLE] 5871 10/1Lel A 2A}tg o,
A& NHGAE T WELGSFIRE 08 8150 o]=2
2\ &7t B2 SAEH AL Ao
5578 Aol A A5aHch(Figure 2). &2 A7 HAER
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Figure 2. Study area and location of spring water sampling site.

A2 Wkt & ZA] o] 2R (Na', K, Mg;, Ca)2 9AF
33 =A(PYE UNICAM SP9)Z z}Z} 589.0 nm, 766.5 nm,
285.2 nm, 422.7 nmol| A} £3589 3, &0l & ClI'& More
(A2 HAW), NO;-N= 2| d2EFH, SO & Ton
Chromatogra-phy(DX 100)E o]&3lo] ¥A3l%.ov, HCO,
& FRERERE: RO 3t B THE A, 1991).

Al

Aot o nE
Sa4e IEY $ASY
B AFME il HAA-g FA0R dle] nke ©E &
£59 FAENSE 73357 Yl dFAGE AAFEILA

(600 m o)), TARFAH(200~600 m), A hA]H (10~
200 m), LA (10 m o]a}) o= FR3te o]F A G A Z
z+ 970, 670, 1670, 2405 & 557 A Aol AEZ 53}t
AAER, T20|SFE, YEE, ZF, vlavls, ZF, 94
o], A AL, Fito| 2, T 2T 10718 5-S 2435}

Jc}(Figure 2, Table 1).

B8 B3 ue} 1 A}go]
8-50] 500 ppm ©]3}o|H 2]
- 4= glon, 1,000 ppm
33] v Bro Ay S5z
Th(3h, 1982). HIE-& TDS7t v Mol B

50ppmo]3to]i} tF3ellA] Alzto] Fo= AL} S HEE

=W TDSE Z718tH(A |, 1990, Barnara and Harry, 1984).

A7A A SN TDSFHE Hit nakx Gl 35.3~66.4
ppme| HWHE Holi, NEGFFEA - 35 ppmOE A
A5 vepdon, #eAl 83859 A 79 ppmo 2 HAAE
BSArH(Table 1). FAA G L FF 61.8~145.5 ppme] B9
& E3len, 4vA7t 60 ppmo = AR E, fFrgale] 164
ppmo @ HXE vehin, AR =D JF 80.7~351.3
ppm2l U A4 o) 66 ppm O R HAXE, 34 LE0)
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3555.7 ppme] MR, S EFde
L8 Zo] 4651 ppmo 2 HIX
AR o= FE7t oA A
29EH] FUHWEA TDS7H

TDSzte] 500 ppme F3}s}e]

XL

HAL M=RPE, EAE, AFE, I

Axa A,

HI|HINMEE(SEC)

Askg el Ao SECRLS &3i=e] e
kol whe} 1 gho] YepArh. 1B g SEHog &
2 3 A7 AEE} vl B Bolr BE 1889 &7
2 o]2o] Wo] EAFH ArPAREE wolxth HlE
SECZ2 tiats] wor odd Asley sigrt A5 A8
T A7 AEEZS s oh(H, 1990; Barbara and
Harry, 1984).

TAHEINA S &H Q) 9 SECLE B 9.3~63.8 uS/
cm®] W E Ve on, WEG G-I A7t 9 pS/cmz F
MAE, BEAL SHFoNM7L 85pS/cmE HUAE B,
HEALE A 9Jsta AAY 857t 50 pS/cm o dte] e gk
4 Bt FANAGL FTF 55.5~201.0 pS/cme] HY =2,
ARAL £3157) 53 puS/ecmE H AR E, Fr5gHo] 234 uS/
cnZ HuXE BRItk HA YR HL HiF 88.5~558.6 uS/
cme| "I Z, ZAHTAYL A 63 uS/cm= HAXE,
2L 667 uS/cm=z ATXE B, o] X HL ¥ A
Aol oz e o] A= QlSS ovditt. A G
109.9~6126.9 pS/cme] HHAZ EFHgo] 60 pS/cm
HA A&, A =FEo] 8030 uS/cmz HNAE B FMo
gt FFT V1€ £EFAYLE AR LS 9
(Table. 1).

E53] sidA Gell ARt AFA3FAA o s 7Y St
SEC &3 A% sj 2tge AP JPE7] o] '94d 59
ol 38 SECE-2 3,870 pS/cm o]do]RE Zlo| sfjabday
o] AXE Tl 944 114 o]Fo & SECZLo] 210 uS/cmZ
A3 A3 ASE & 5 ASd

Figure 32 ZAIAY 83149 My MHEEY} 74-3Fae]
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Table 1. Concentration of TDS, SEC, pH, Na" K’ Mg”, Ca” CI SO,* NO; -N and HCOj in spring water

Element TDS (ppm) SEC (uS/cm) pH Na' (ppm)

Station Min  Max Average Min Max Average Min Max Average Min Max  Average
H1 Baegrogdam 35 36 35.3 9 10 9.3 5.8 5.8 5.8 0.53 0.55 0.54

H2 Yongjingak 44 45 443 25 27 257 74 7.6 7.5 2.05 2.11 2.08

H3 Wiseorm 41 41 41.0 19 20 19.7 6.1 6.3 6.2 1.98 2.01 2.00

High H4 Yungsil 53 56 54.4 41 45 43.2 72 7.6 7.3 2.60 2.85 272
(>600 H5 Oremok 53 55 53.6 40 44 417 74 77 7.5 2.68 320 298
m) H6 Chunwangsa 52 55 534 39 44 41.2 6.9 7.4 7.2 2.74 3.84 321
H7 Gwaneumsa 57 79 66.4 48 85 63.8 87 101 9.3 4.00 5.08 446

H8 Sungpanark 51 56 54.0 37 46 42.3 7.1 7.3 7.1 342 3.75 3.65

H9 Namguksunwon 44 52 46.5 24 38 29.2 6.5 7.1 6.7 1.78 220 2.04

M1 Sanchundan 64 67 66.0 60 65 63.3 6.9 7.4 7.1 5.81 7.19 6.73
Middle M2 Myeongdoarm 77 83 809 82 93 88.7 72 7.6 74 6.61 6.86 6.74
(200~ M3 Jealmul 81 89 852 89 103 96.2 7.5 78 7.6 7.84 851 8.19
600 m) M4 Donnecako 71 91 76.7 71 106 81.6 72 7.6 7.4 4.12 6.57 4.86
M5 Wonmansa 60 64 61.8 53 59 555 6.6 6.3 6.7 5.19 551 5.32

M6 Yusuarmchun 128 164 1455 171 234  201.0 6.9 7.7 72 10.71 17.90 12.05

L1 Keumsansuwon 121 178 1459 159 257 2019 7.3 7.8 7.4 15.81 23.32 20.03

12 Youngchunsa 173 230 1942 249 348 2858 74 78 75 1342 17.00 14.75

L3 Jungbangsuwon 82 109 90.8 91 137 1058 6.7 7.4 7.0 5.87 8.07 6.79

14 Chunjiyon 6 110 972 98 140 1172 74 77 7.5 5.95 7.35 6.64

L5 Burhwansosmul 88 119 1029 101 155 1272 7.3 7.7 7.5 591 7.97 6.85

16 Woonyangchun 144 230 1795 198 348  260.2 69 72 7.1 9.60 12.72 10.89

Low 17 Kangjungsuwon 66 101 80.7 63 124 885 7.6 7.8 7.7 4.62 6.37 5.37
(10~ L8 Bebhwasa 111 147 1282 142 203 1709 7.0 7.5 7.3 9.58 15.20 10.96
200 m) 19 Harwontongmul 259 381 3406 399 610 540.1 6.6 7.1 69 1992 22.40 21.62
L10 Dongheamul 116 258 1619 150 396  229.6 7.1 74 72 8.50 14.80 10.72

L11 Sackdalsengsu 175 248 2160 252 379 3235 7.0 72 7.1 10.53 14.14 12.46

L12 Andukkyekok 260 337 2911 400 534 4541 6.6 7.0 6.7 15.56 3458 23.25

L13 Donmul 296 414 3513 463 667  558.6 6.7 74 7.0 19.34 26.80 24.04

L14 Jangsumul 163 211 1804 232 315 2616 6.5 7.3 6.8 19.69 23.06 21.06

L15 Kusimul 153 201 163.0 214 297 2315 6.5 7.7 72 16.02 19.79 18.99

L16 Dukjisemmul 206 265 2290 306 408 346 7.1 7.3 7.2 15.24 15.24 15.24

Cl  Sanjimul 107 113 1104 135 144 1401 7.1 74 7.2 9.54 10.88 10.30

C2 Samyang3suwon 151 2257 7854 210 3870 1313.0 7.5 8.0 7.7 28.84 416.19 145.57

C3 Sinch'onk'nmull 251 1497 7017 384 2550 11675 7.5 7.9 7.7 3478 351.60 149.30

C4 Sinch'onk'nmul2 316 1486 7504 498 2530 12523 7.6 79 7.7 53.57 345.60 161.13

C5 Meungbubsa 1868 2763 2245.0 3195 4750 3849.5 7.5 79 7.6 457.89  697.00 558.53

C6 Sernurungmul 1935 4651 3555.7 3310 8030 61269 7.5 79 7.6 48421 123181 930.32

C7 Tosanmul 318 720 531.0 501 1200 871.1 7.5 79 7.7 67.08 145.17 108.31

C8 Gongchunpo 105 212 1201 130 317 1569 7.1 7.4 72 6.74 14.50 7.80

C9 Dot mul 225 258 2394 339 396 3640 6.8 7.3 7.0 19.16 2152 20.03

C10 Harkangmul 233 273 2487 353 423 3806 6.7 7.4 6.9 21.84 25.14 23.09

C11 Sineukmul 115 125 1203 149 165 1571 7.1 7.5 7.3 795 11.92 9.59

Coast C12 Serlimsuwonl 98 145 1157 118 201 1497 7.1 9.6 7.6 833 12.15 9.83
(<10 m)C13 Serlimsuwon2 87 131 1106 100 176 1405 7.0 7.2 7.1 6.94 1046 8381
Cl4 TJungkeummul 334 4127 25244 529 7120 43347 75 7.8 7.5 53.70 97450 606.25

C15 Hallimsuwon 125 151 1391 165 210 189.6 77 82 7.8 11.48 12.27 11.92

C16 Moondumul 146 177 161.3 202 256 2286 7.4 7.6 7.5 11.98 1320 12.45

C17 Kwakgimul 186 834 3798 271 1398 608.2 77 8.2 79 27.08 179.00 74.04

C18 Aewolharmul 145 1469 4177 201 2500 6742 7.5 8.0 77 1745 345.70 88.40

C19 Konemul 121 2050 895.1 159 3510 1503.9 7.6 79 7.6 15.51 402.03 17842

C20 Nokgomul 115 556 2384 148 915 3628 7.5 7.8 7.6 996 109.80 38.18

C21 Weadosuwon 64 132 93.1 60 178 1099 7.6 84 7.8 3.46 9.52 6.28

C22 Kumungmul 86 108 954 97 136 114.2 7.3 7.6 7.4 5.75 7.13 6.42

C23 Oleamul 125 490 2384 165 799 3622 7.3 7.5 7.3 8.37 86.77 3421

C24 Magunmul 109 149 1293 138 207 1733 7.2 7.6 74 9.60 11.22 10.46
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Table 1. Continued

Mo
o
i
iz
o

Mo

Element K’ (ppm) Mg™ (ppm) Ca™ (ppm) Cl” (ppm)

Station Min  Max Average Min Max Average Min Max Average  Min Max  Average
H1l Baegrogdam 011 015 0.13 025 028 026 025 027 026 1.29 1.33 1.31

H2 Yongjingak 070 080 0.75 044 047 045 051 055 053 3.59 3.68 3.63

H3 Wiseorm 025 028 027 0.55 060 058 047 049 048 2.77 2.79 2.78

High H4 Yungsil 045 089 0.64 037 133 087 128 243 203 1.18 5.98 411
(>600 H5 Oremok 0.17 1.04 0.56 070 094 083 113 165 134 2.32 5.31 413
m) H6 Chunwangsa 034 110 083 034 091 059 075 150 1.08 241 7.09 4.30
H7 Gwaneumsa 116 1.64 143 056 076 0.65 146 537 312 3.65 7.32 5.20

H8 Sungpanark 043 148 1.07 012 052 036 0.04 162 098 1.97 461 3.28

H9 Namguksunwon 0.03 050 020 020 045 029 099 322 1382 290 3.06 3.01

M1 Sanchundan 200 251 234 021 030 024 120 160 145 7.74 10.82 9.50
Middle M2 Myeongdoarm 0.50 070 0.61 236 274 253 185 339 277 9.65 13.00 11.52
(200~ M3 Jealmul 216 241 229 1.35 181 140 164 379 280 6.94 11.05 9.13
600 m) M4 Donneako 111 210 141 148 369 213 194 384 283 4.29 12.81 6.64
M5 Wonmansa 1.59 171 1.66 048 052 050 132 146 1.38 4.47 621 5.49

M6 Yusuarmchun 484 632 548 453 564 509 6.02 786 7.50 16.13 19.67 17.47

L1 Keumsansuwon 277 360 313 398 6.17 491 230 715 443 15.33 34.33 23.65

L2  Youngchunsa 1.77 232 201 858 11.32 9.59 547 1191 952 21.32 29.07 24.06

L3 Jungbangsuwon 111 2.07 145 199 308 232 271 590 371 8.44 9.47 8.89

14 Chunjiyon 1.35 203 189 185 336 256 359 598 459 7.12 10.84 10.10

15 Burhwansosmul 1.14 214 191 221 431 3.02 38 662 5.06 743 13.72 10.48

L6 Woonyangchun 416 571 4.88 6.54 1122 840 7.30 1448 1025 14.46 28.36 20.21

Low L7 Kangjungsuwon 127 171 146 118 282 189 206 483 312 6.23 8.69 6.96
18 Bebhwasa 1.01 6.15 2.89 314 1026 4.67 588 1019 792 10.62 13.36 12.02
2(0100;1) L9 Harwontongmul 226 292 271 1744 2825 21.89 2404 5280 3696 32.96 50.01 43.38
L10 Dongheamul 110 240 1.86 411 1496 796 697 21.60 11.66 10.05 32.61 17.29

L11 Saekdalsengsu 116 162 134 1187 1492 13,50 17.81 20.69 19.34 16.59 27.78 22.60

L12 Andukkyekok 690 3021 1624 12.82 2692 1860 24.02 3244 2775 33.08 48.51 39.32

L13 Donmul 543 1215 9.05 1140 1892 14.75 15.08 38.56 2694 18.08 55.30 35.82

114 Jangsumul 201 269 227 463 762 568 268 783 6.16 23.85 47.10 31.73

L15 Kusimul 226 3.04 288 367 820 462 640 7.00 6.60 26.02 49.43 30.96

L16 Dukjisemmul 256 256 256 10.70 1070 10.70 12.34 12.34 12.34 29.07 29.07 29.07

Cl Sanjimul 239 334 280 275 337 3.02 458 6.02 540 10.83 16.18 13.35

C2  Samyang3suwon 340 2580 10.20 399 8780 2896 1.60 2860 987 2359 120393 379.29

C3 Sinch'onk'nmull 344 1558 7.83 9.89 4620 23.63 680 3682 17.45 62.18 703.33 304.86

C4 Sinch'onk'nmul2 455 1624 904 1020 4980 26.64 6.15 1519 986 9297 640.00 34297

C5 Meungbubsa 2095 26.71 2423 61.65 101.50 78.14 21.33 2501 2346 864.64 1740.74 121545

C6  Sernurungmul 20.80 4743 3591 6640 174.08 13094 20.00 65.11 4953 1027.34 2420.09 1904.25

C7 Tosanmul 458 6.64 567 855 2760 1861 539 1987 13.04 117.18 309.52 21875

C8 Gongchunpo 013 1322 211 342 585 377 584 11.05 6.59 8.23 53.78 14.71

C9 Dot mul 201 470 3.09 9.62 1342 1243 13.10 2098 17.03 30.61 32.02 31.23

C10 Harkangmul 392 528 499 604 1430 958 1320 1980 1795 32.13 50.42 38.84

C11 Sineukmul 1.79 393 283 306 472 379 320 563 449 11.65 19.31 1393

Coast C12 Serlimsuwonl 1.50 337 228 2.51 517 366 247 626 396 7.65 22.79 13.25
(<10m) C13 Serlimsuwon2 194 381 276 199 441 335 067 587 357 6.48 19.46 13.07
Cl14 Jungkeummul 5.10 6650 3325 1290 157.50 9528 9.40 59.00 38.68 90.76 2136.84 1291.61

C15 Hallimsuwon 317 372 350 479 578 533 437 575 5.09 13.55 17.37 15.64

Cl6 Moondumul 277 346 322 596 922 756 210 8.06 512 6.93 24.30 15.85

C17 Kwakgimul 377 910 5.20 529 19.00 962 437 780 537 57.17 351.66 14751

C18 Acwolharmul 343 2020 6.38 418 3590 10.15 3.82 1270 5.69 27.05 680.64 166.36

C19 Konemul 272 2746 1275 274 4712 2085 2.30 2354 1069 1894 975,55 373.52

C20 Nokgomul 239 855 413 349 1480 6.77 424 815 537 12.86  226.88 73.52

C21 Weadosuwon 056 262 154 1.35 461 266 177 6.65 3.82 5.32 13.02 898

C22 Kumungmul 125 2.07 164 221 337 276 250 478 3.80 7.83 10.12 9.00

C23 Oleamul 228 6.10 3.68 493 1487 799 6.16 866 7.14 11.88 186.58 68.65

C24 Maginmul 214 260 235 340 6.37 4.88 110 859 497 13.36 20.90 17.27
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Table 1. Continued

AFE §2%59 Sty 54

Element 8O:™ (ppm) NO;N ) HCO; (ppm)
Station Min Max Average Min Max Average  Min Max Average
H1 Baegrogdam 0.00 0.00 0.00 0.00 0.00 0.00 1.84 1.88 1.87
H2 Yongjingak 0.00 0.00 0.00 0.00 0.08 0.04 6.44 6.58 6.53
H3 Wiseorm 0.00 0.30 0.10 0.00 0.09 0.04 4.44 457 449
High H4 Yungsil 0.00 2.32 0.41 0.16 0.30 0.24 15.26 18.69 17.53
(>600 HS5 Oremok 0.00 0.00 0.00 0.11 0.19 0.14 14.47 21.32 18.11
m) Hé6 Chunwangsa 0.00 1.60 041 0.00 0.32 0.08 0.41 18.16 11.81
H7 Gwaneumsa 0.63 2.57 1.83 0.34 0.50 0.43 15.53 2895 22.03
H8 Sungpanark 0.00 2.17 1.08 0.00 0.80 0.20 13.42 21.32 17.61
H9 Namguksunwon 0.00 2.46 0.39 0.05 0.13 0.08 5.79 18.16 11.82
M1 Sanchundan 0.00 0.00 0.00 0.25 040 0.33 21.32 27.63 25.05
Middle M2 Myeongdoarm 0.30 1.89 1.24 142 2.90 2.36 21.05 29.48 25.98
(200~ M3 Jealmul 112 6.66 2.85 0.62 1.00 0.86 31.84 39.74 3645
600 m) M4 Donneako 0.97 1.89 1.60 311 7.23 4.31 13.42 22.90 19.27
M5 Wonmansa 0.00 1.90 043 0.09 0.12 0.10 790 2395 19.42
Meé Yusuarmchun 3.76 5.49 443 449 10.95 7.65 28.95 4448 37.63
L1 Keumsansuwon 1.26 11.47 5.94 4.32 6.47 5.26 3395 46.85 41.32
12 Youngchunsa 0.39 2.32 1.56 7.75 24.78 14.70 38.16 54.48 42.45
L3 Jungbangsuwon 1.02 3.78 3.04 2.36 8.36 4.09 19.74 31.58 26.05
L4 Chunjiyon 1.40 2.69 2.06 2.08 7.29 4.80 20.00 37.63 2595
L5 Burhwansosmul 0.12 4.05 1.63 393 9.55 6.23 22.37 41.06 30.37
L6 Woonyangchun 2.32 5.35 3.31 14.15 26.13 1795 921 35.27. 2392
Low L7 Kangjungsuwon 1.31 3.62 241 2.13 5.41 342 18.95 29.74 24.82
(10~ I8 Bebhwasa 146 496 3.02 797 8.18 8.06 30.53 47.64 37.69
200 m) L9 Harwontongmul 0.30 1.89 1.10 13.19 40.83 31.67 11.05 36.58 24.50
L10 Dongheamul 0.30 7.51 3.06 6.33 28.28 13.51 26.05 41.06 3521
L1l Saekdalsengsu 290 7.26 5.66 15.87 24.53 20.74 26.32 4211 33.09
L12 Andukkyekok 5.35 8.23 6.48 25.40 34.10 29.21 23.95 39.74 34.36
L13 Donmul 7.68 23.07 14.10 2845 4418 33.65 30.27 43.42 3723
L14 Jangsumul 2.75 5.06 3.46 5.66 17.16 9.23 28.95 61.06 4926
L15 Kusimul 419 693 493 478 14.45 7.78 28.42 56.58 48.32
Ll6 Dukjisemmul 8.05 9.07 8.40 15.64 18.42 16.82 36.84 40.79 38.95
Cl Sanjimul 347 6.01 4.77 2.37 4.61 313 32.11 43.95 38.29
C2 Samyang3suwon 1.48 230.56 70.52 3.32 641 5.00 38.69 4474 40.57
C3 Sinch'onk'nmull 12.12 130.85 60.84 6.60 10.11 8.10 36.06 48.42 41.00
C4 Sinch'onk'nmul2 1244 151.31 62.54 3.81 8.41 6.32 35.27 45.00 40.71
C5 Meungbubsa 43.96 302.61 158.59 0.44 1.07 0.72 45.79 52.64 49.19
Cé6 Sernurungmul 152.75 491.65 355.02 0.54 1.73 1.18 39.48 60.27 5140
c7 Tosanmul 19.09 45.85 3322 3.08 6.97 5.20 4211 48.42 45.08
C8 Gongchunpo 0.86 2.73 1.13 5.79 9.36 7.24 26.05 29.21 27.58
c9 Dot mul 347 7.80 6.33 18.70 30.18 2248 3448 4395 39.88
Clo Harkangmul 7.65 12.41 10.73 3.49 22.90 15.61 33.42 42.63 38.97
Cl1 Sincukmul 2.32 7.25 475 385 6.64 513 30.79 42.37 36.53
Coast Cl12 Serlimsuwonl 2.43 11.83 6.53 1.80 7.46 4.40 32.11 4290 36.25
(<10 m) CI13 Serlimsuwon2 350 623 4.86 2.49 6.09 4.36 29.21 39.74 34.81
Cl4  Jungkeummul 28.40 304.05 17743 2.30 10.67 7.80 50.00 58.16 54.36
C15 Hallimsuwon 3.55 492 4.17 4383 9.09 5.88 4527 52.11 49.95
Cl6  Moondumul 2.02 6.21 4.22 5.88 8.96 7.54 47.64 52.90 49.69
Cl17 Kwakgimul 6.79 52.75 21.42 2.07 4.16 294 44.74 55.00 49.12
Cl18 Aewolharmul 5.20 7249 20.75 2.02 5.10 3.76 3290 50.79 4472
C19 Konemul 5.06 129.82 55.80 0.57 1.89 1.27 4448 45.79 45.16
C20 Nokgomul 4.05 34.16 13.53 4.35 4.65 4.52 27.63 39.21 36.20
C21 Weadosuwon 0.00 2.50 1.11 1.13 7.62 3.68 13.16 3421 26.84
C22 Kumungmul 2.18 4.96 3.43 2.46 6.00 4.20 26.32 30.53 27.95
C23 Oleamul 2.90 25.78 10.53 2.80 6.53 4.29 39.74 56.85 46.19
C24  Magunmul 2.81 7.46 5.18 2.98 7.29 5.24 31.32 47.37 41.16
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Figure 3. Monthy variaion of electrical conductivity cause to pre-
cipitaion.
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Figure 4. Monthy variation of sodium concentration cause to pre-
cipitaion.
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content.
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Figure 7. Graph of total dissolved solids (TDS) against chloride
content.

50



B

ko] 10.95 ppmoE
vepd o} feded
F4ax|g Al eT 24

o] HEE FATEAE et 42 AT
P2 AR 098 A$E JAT BHEFAE AFFHIX G
of 2P H 2 FFHA Fol| & AAR 2Ho] AIPF
of ATt AAUAGL 1 FFHAUE HTE 342~33.65
ppmOZ olE F HR|AEo] 2.08 ppmo 2 HAXE, o= =
Eo] 4418 ppm o T A E BT o] 167 ZARY =
AAReAA, BAAE, AHEAF F 3RAG L A skn A
A &RV A AL TRl 5 ppm o]44-S YEhfo] o] 2
HHFERE 290 APFAS & F AR, olEF HEES
A71E 10 ppme 293 £HFE GHAL £395(24.78 ppm),

S A
> T T

r

AR '94d 54937

o ){'g,

£33 (26.13 ppm), 3+94E5(40.83 ppm), &) =(28.28 ppm),
MG A 5(24.53 ppm), FHAT §315(34.10 ppm), e E

(44.18 ppm) F INAIFolPt. FAAGA B 12 A}
Bt 0.72~2248 ppme Ueldon], WAl 3571 044
ppmo g HAHAE, sk £Eo] 3018 ppmo E HIUXE BAY
th olE F AMIEAS) 10 ppme 29T A& A&
1(10.11 ppm), %&(30.18 ppm), }73=(22.90 ppm), A
(10.67 ppm) 5 247] A HF 4| Fef B}, 53] a5
ol @A v X Ge LHFAM7} Aabd A A Fi-gke] A
Hog It @on} diejFoez N2ER ], 29 AFEL
By dFgS 4FE TouME AL B4 HEHAY
=0 °)E £37E AEdM &3 £HFEN A ¥y 22
&9 &4 24 EA g0 FFHIA U2 ulgi(Table 1).

Figure 82 ZAMX|Y LA4o] Zhafa) Aibdd oo
AT BFE Aotk A A7 X AA Y9 £H5
A7 A e, SRS, SRS, AR g e $3H4
CO2 a ol EA JeHen 949 590 Hulge
1190of HA:gk& B 9th. Johnson 5(1976)0) <J3}H 533
A5 dutd o 2 o E ] EUFe] A A A A2 Ho
o] 2-57] wiFdl AEEo] 2ulsle BAR ATl AFH

2=
=
=k

k-1

o2

NO3 -N(ppm)
Mean Precipitaion{mm)

[ ] MIDDLE(200-600rm) [l LOW(200-10m)
A Mean Precipitation

LE HIGH(>600rm)

]

Figure 8. Monthy variaion of nitrate concentation cause to per-
cipitaion
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Figure 9. Graph of total dissolved solids (TDS) against nitrate
content.
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