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Geochemical Characteristics and Origin of Dissolved Ions in the Han River

Water

Kyu-Han Kim* and Eun-Sook Shim
Deparment of Science Fducarion, Ewha Womans University, Seoul 120-750 Korea

Geochemical data of the Han river water, including four tributary water samples in the main Han river are pre-
sented in this paper. The concentration of dissolved ions in the North Han river water decreases in order of
Ca>Na>K>Mg and HCO3>NO;>SO4>Cl, which is mainly affected by the chemical weathering of granite and
gneiss in the drainage basin. Meanwhile, the South Han river water shows a decreasing order of Ca>Mg>Na>K and
HCO>50,>NO;>Cl, which is controlled by the bed rock geology of carbornate rocks and the inflow of acid mine
drainage from the metal and coal mines in the Taebaegsan and Hwanggangri areas. The main Han river waters are
characterized by unusually high concentration of Na, Cl and SO, (Ca>Na>K>Mg and HCO3>SO>CI>NOs), indi-
cating a significant anthropogenic pollution by human activities in the metropolitan Seoul city. The geochemical
data of the Han river waters from 1981 through 1996 to 1999 records a significant increase in SO, and NO;, which
responsible for the increasing acid mine drainage and municipal anthropogenic polution.

Key words : Han river water, geochemical data, dissolved ions, anthropogenic pollution, acid mine drainage
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Fig. 1. Sample location map of stream waters in the Han river basin.
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Table 1. Physical properties of stream waters in the Han river basin.

Sample Eh Conductivity ~ TDS Sample Eh Conductivity ~ TDS
No. pH (mV) (uS/cm) (mg/L) No. pH (mV) (uS/cm) (mg/L)
HR1 7.13 171.0 3800.0 1900 TRI12 6.99 2232 86.0 43
HR2 7.08 159.2 4050.0 2000 TR13 6.98 225.7 87.8 45
HR3 7.16 167.7 3220.0 1903 TR14 7.13 2194 75.8 39
HR4 7.00 251.6 230.0 135 TR15 7.15 202.6 128.2 65
HR5 7.21 217.7 230.0 135 TR16 7.11 193.6 1515 77
HR6 7.16 212.8 206.0 122 TR17 6.88 203.6 130.4 67
HR7 6.94 274.3 174.8 103 NHR1 7.22 2133 93.1 49
HRS8 7.08 2359 174.9 103 NHR2 7.22 228.7 88.3 47
HR9 7.19 274.3 170.8 101 NHR3 7.32 252.3 79.2 47
HR10 7.24 278.6 1594 94 NHR4 7.15 2415 77.6 46
HR11 7.31 3339 2170 128 NHRS5 7.20 296.1 75.5 45
HR12 7.33 229.5 132.1 78 NHR6 7.32 2419 83.1 49
HR13 7.61 275.8 135.0 76 NHR7 7.42 234.7 88.9 52
HR14 7.39 2721 161.9 96 NHRS8 7.52 2152 103.0 55
HR15 7.10 319.6 228.0 127 NHR9 7.37 2122 111.0 59
HR16 7.42 2419 144.1 85 NHR10 7.11 2232 57.4 30
HR17 7.26 271.7 138.9 82 NHRI11 7.06 265.6 54.2 32
HR18 743 222.8 1543 82 SHR1 7.50 216.7 203.0 108
HR19 7.40 244.1 146.0 86 SHR2 7.57 2724 178.8 100
HR20 752 241.1 150.9 85 SHR3 7.30 2155 90.1 48
TR1 7.35 255.7 185.3 98 SHR4 7.35 2132 1929 103
TR2 7.09 264.4 189.6 96 SHRS5 7.74 2499 182.8 108
TR3 7.11 241.7 172.9 87 SHR6 747 262.0 182.7 108
TR4 7.26 213.0 221.0 111 SHR7 7.49 248.6 185.9 110
TRS 9.03 159.8 753 38 SHR8 7.98 2509 179.0 106
TR6 6.74 213.6 115.8 59 SHR9 6.81 262.7 215.0 120
TR7 6.51 2108 122.7 62 SHR10 8.05 2479 157.4 88
TR3 7.52 200.4 94.2 48 SHRI11 7.65 294.7 181.2 101
TR9 7.52 207.3 97.3 49 SHR12 7.65 243.1 183.3 102
TR10 6.98 198.5 124.5 63 SHR13 7.94 300.8 93.6 53

TRI1 7.01 205.3 140.8 72
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Fig. 2. Cation concentrations and their variations of stream
waters in the Han river basin.
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Fig. 3. Anion concentrations and their variations of stream
waters in the Han river basin.
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Cal*e] ko] 97k %% A YeErt Caf*>Nat>K*
>Mgt o8 w7} 7HAsiy Sole FME Clel
g7t Fol HCOy>Cl'>S04 >N0O,~ 4202 1}
BTy,

R B diFR £E gold] FEE
A By shdde] %% FolL TR A&
#AE L vk

8% ol ¥EE Ha Ni 00021 mgl, Cr,
0.0450 mg/L, Cu 0.0009 mg/L, Mn, 0.0117 mg/l,, Zn,
0.0114 mg/L, Ti, 0.0190 mg/lL. & Cr, Zn, Mn
Fol gedelut Habels Ho wwrt ta ¥

T2 Yol FolLErE gHoz sy
(Appendix 1) £A|% iper 2% (Fig. 40X &3k7}
9] ;T AREL Yol FYo)X Ca’tr}l F¥
¥z FiHH %OI% ddo)E HCO;7F 9A
gt Ca**-HCOy™ F¥ o2 vehdrh Bakel ks
ANBEES FEE Cal*t-HCOy f3os 28y o
ol FGAX Fee] AEEHT 4Ty F4 of
SMNa*+K*)ol thh FRETH(Fig. 4). 53] Fole
FgeliXe @4 FE 25E Na'2 2y
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37} B8 & 3% A9 A]E(HR1~HR3):= Nat,
CI =7 e8] &t} Na*, CIm T=71 sl=2e] &
= (Freeze and Cherry, 19799} SAEIT} o5 AR
(HR1~3)= 34 3l Asliqte] slute)] 7ke: a5
T wepd AbdE] B2ex Agd 2o TDS/ 3
# 3690 ppmoFE TRE A|E5(753~230.0 ppm)t
HA S Apo)E BRI}, o] Arivke] A7 o}
o] £ HEo= Mk

33. 812 BR sid$o &8 HIE

Na*, CI- o]2o] 3lgle] w&EFTly N
Na*/Cl9] E(mole)P](Gumbley ef al., 1974, A3|%
3 A8 19973 olg3le] B} HRol geita) B
A7 Ay 5 98-S weAldbde R g 3

o] Axtslsict,

Fedat Belde] jiRalr| ARe] Wivlah B
9] CI¥eE 7} x, yEt sl Ba7ds Tt §52%
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&7)4 x=0.139 y=0.083°] AR}, o] uf SHRI %)
A8 Na/Cl=1.005, NHR1 =39 Na/Cl=1.7018 A}
B39}
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H Aoz Aawg
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W ERE AEE dEAHA AHD QYR & Y e Ehglel 2 7R siilEla Qi
A, 2, 95 3T 85 g5 YRe] 54L& N - g=HRIE HE TRII-TRI)E AH F
o3t 2tk K*2} NOy @] ol vlas w4 Uehles Zo| 54
olokM : QkaFde] AJEE(TRI~TRSYE <, AIE, FHolti(Table 2). ole &3 FuHdl] gx)9} Eakel
ATE ddle] T8 Hert f9lsle) Nat, I, K X2 ek BlRe] AN, 71 Kk T d¥o=
Y ol Wk ohjet Calte} & FEH Yaw b AT
E AEEdMEY w2 #§EE epdci(Table 2, ddtHo g 9 FE oA ANENO)9 Bl
Fig. 5). §3] TDS ko] A A9 X[ FollAf OFAAFE(NOy )R T 371 vERde). HRISAEE 7
T = B ASE 7k NOy 9] ko] 7k &7 Jeht
2A} AE9 AH F RERe e aka, ABHET25) =) o= %&Rle] f9lem Qs Yo g Adr),
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Foll olEALS A HelgozRe {4 &l
oz e}, £3 5 254 IA(TRI0PIM =
NOy 9] ghgo] =A vehsd olAe AF 3l
frel 9 fEoz FHHT

gl AlRE B A5 938 dRe A
Bltk(Fig. 5). B34 AEEL G0 F9A7F &A=
o B skrz lgh HabEe] gl HA vehd
= o] #4A AsEH HSE o,

ZUH PN AE WS TRI5~TR17)S 4%
A AFEsie QI B G AEA FRE ZEY
k. SRoMe AARY FFEol 55 F2olA
o s f{ddrt

Z93 AlEES CI, SO, PO, Mnel 557}
vlwd g e sk S dreME o A
Aol vlg] o]F Y425 wEsF AUHoR 52 7
o] Ueldt}, HRI1 A8& $930] o ® ¥R
A ukz Fal 2 - AER] el FHH Al
B3 #AE B8 AEg UERY ot o &
AloA] 8 k4= HCOy 9 SO ¢l 5%
7} =A JerH, C, PO2, Mn 59 7El 948
£ FARG BA veptaL Slck(Fig. 5).

35 F2 BBEO|2Y JIH

ahe] B7) o] 25 (1) ¢He] Fs} (2) oY)
BEE &9, E (3) Azt &5 AxZA st
fAEo] AEFe P4 Hulg dbead 5 ot
(Berner and Berner, 1987). gutzog W7 HF L
gy BEe g8, 3} 28 Fol 23] AEFY
F8 ol& AEo| ARk Yol Fole Aol
= vlEd A 37 JelA gt 9 dizj2 R
B 4Use 290t AESF J8kEe] F8. 8%le] #rt
W o]2E9 FRH7} 4 e YA oolEE
(marine aerosol)#@ F-AF8HAl @ 7 o] ciStallard and
Edmond, 1983; Sarin ¢ al., 1989; Zhang ef al., 1995).

AL A 3G N8BS AT3EE SX4do] o
NA 71ZEeAE AEs) 995 Cro digh Nat,
K*e] w2 ok ololzZ&a ulwaled Hgich
ZAF G2l Nat ol CI” Ha F3vle 20284 &)
A olo]ZE9] Nat ol CIe] @3] 0.852th &4
JepdthFig 6). F£3 K ol Clel 3ad FHH=
028% 3ok dlo)2Ze] 0,023 & 2ol HERIch
(Fig. 7). o122 ARd2 <) o|29] 7]de] t)7] &
3o 93t PJegro B HuyER] ¢k2-8 ojujic),

TDS(mg/L)?} Na*/(Na*+Ca®")HI S EA1% 29
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Fig. 6. Scatter diagram of Na versus Cl for the stream
waters from the Han river basin.
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Fig. 7. Scatter diagram of K versus Cl for the stream
waters from the Han river basin.
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@t 39 Hojge] shedd] EAHE AIRES FE
o) Zolol elsle] Bl skt 20| YTS W
Rolt}, @7} SHSE F2 G F5 G A
Hol Fuge] FahiEe] JFgE F2 Wl S-S
7te)713 UThFig. 8). o Azhs 1996d A T
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Appendix 1. Normality of some major dissolved ions of stream waters in the Han river basin.

meq/L F Cl NO, SO, HCO, Ca K Mg Na
HR1 0.157 48.372 0.135 4.338 1.130 1.87 4.55 6.19 68.598
HR2 0.171 52.977 0.144 4.703 1.208 1.76 3.71 6.87 29.014
HR3 0.135 39.935 0.131 3.607 1.216 1.45 3.99 5.23 23.098
HR4 0.006 0.546 0.140 0.361 1.130 0.96 0.17 0.36 0.704
HRS 0.005 0.599 0.125 0.353 1.264 091 0.17 0.26 0.697
HR6 0.006 0.415 0.100 0.324 1.232 0.95 0.09 0.32 0.146
HR7 0.005 0.256 0.090 0.281 1.048 0.94 0.10 0.33 0.134
HRS8 0.007 0.270 0.098 0.270 1.128 0.83 0.09 0.31 0.306
HR9 0.007 0.254 0.081 0.257 1.088 0.87 0.10 0.30 0.119
HR10 0.004 0.223 0.091 0.234 1.000 0.86 0.09 0.28 0.282
HRI11 0.005 0.439 0.107 0.290 1.232 098 0.11 0.33 0.499
HR12 0.005 0.129 0.090 0.214 0.920 0.82 0.05 0.27 0.183
HR13 0.005 0.130 0.089 0.224 0.976 0.85 0.05 0.30 0.188
HR14 0.005 0.195 0.103 0.313 1.016 0.97 0.07 0.35 0.227
HR15 0.004 0.410 0.230 0.482 1.184 1.11 0.13 0.41 0.644
HR16 0.007 0.137 0.091 0.247 0.980 0.91 0.05 0.31 0.188
HR17 0.005 0.133 0.087 0.237 0.992 0.86 0.06 0.29 0.187
HR18 0.004 0.124 0.086 0.233 0.944 0.87 0.05 0.29 0.147
HR19 0.004 0.139 0.095 0.257 1.072 0.95 0.05 0.32 0.176
HR20 0.005 0.148 0.092 0.273 1.128 0.96 0.06 0.33 0.060
NHRI 0.005 0.087 0.063 0.113 0.564 0.46 0.04 0.16 0.148
NHR2 0.004 0.078 0.059 0.103 0.544 0.44 0.03 0.16 0.048
NHR3 0.005 0.078 0.059 0.103 0.612 043 0.05 0.15 0.142
NHR4 0.005 0.077 0.055 0.101 0.540 -0.01 0.02 -0.02 0.060
NHRS 0.004 0.071 0.057 0.098 0.524 043 0.04 0.16 0.121
NHRé6 0.004 0.071 0.051 0.103 0.612 0.05 0.01 0.00 0.022
NHR7 0.005 0.069 0.049 0.108 0.680 0.53 0.04 0.20 0.104
NHRS 0.006 0.078 0.053 0.113 0.696 0.54 0.05 0.21 0.140
NHRS 0.005 0.068 0.053 0.124 0.828 0.61 0.04 0.26 0.119
NHRI10 0.003 0.057 0.061 0.075 0.300 0.25 0.06 0.07 0.121
NHRI11 0.031 0.076 0.083 0.080 0.280 0.26 0.05 0.07 0.122
SHRI 0.005 0.218 0.118 0.345 1.172 1.14 0.08 0.40 0.219
SHR2 0.006 0.229 0.113 0.308 1.368 1.07 0.10 0.36 0.244
SHR3 0.004 0.087 0.062 0.130 0.543 0.44 0.05 0.16 0.146
SHR4 0.006 0.131 0.115 0.332 1.108 124 0.05 0.40 0.175
SHRS 0.005 0.126 0.113 0.339 1.408 1.30 0.05 0.42 0.165
SHR6 0.005 0.152 0.112 0.317 1.344 1.28 0.01 0.40 0.022
SHR7 0.004 0.125 0.117 0.320 1.448 1.34 0.04 0.43 0.133
SHRS 0.002 0.036 0.042 0.110 1.376 1.31 0.05 0.41 0.148
SHRS 0.004 nc 0.162 0.334 1.200 1.06 0.15 0.33 0.720
SHR10 0.005 0.106 0.105 0.292 1.288 1.20 0.05 0.36 0.159
SHRI11 0.001 0.023 0.027 0.069 1.320 1.32 0.06 0.40 0.145
SHR12 0.004 0.088 0.127 0.372 1424 1.51 0.03 0.38 0.089
SHR13 0.001 0.059 0.101 0.070 0.896 0.85 0.04 0.23 0.081
TR1 0.012 2.782 0.025 1.396 3.241 2,15 0.76 0.49 5777
TR2 0.011 2.877 0.032 1.412 2481 2.16 0.60 0.49 3.271
TR3 0.009 2.306 0.038 1.219 2.845 1.89 0.59 0.53 2.680
TR4 0.007 1.087 0.057 0.610 2.897 1.63 0.25 0.27 0.996
TRS 0.019 3.341 nc 2.291 1.460 2.57 0.43 0.46 3.371
TR6 0.004 1.575 0.223 0.745 1.688 1.05 0.60 0.32 2.732
TR7 0.007 1.665 0.379 0.715 2.065 1.57 0.33 0.49 0.966
TR8 0.004 0.940 0.167 1.023 1.921 2.02 0.24 0.55 0.547
TRY 0.005 1.014 nc 1.077 2.137 043 0.10 0.11 0.210
TRI10 0.008 1.611 0.372 0.592 2.069 1.47 0.60 0.53 1.779
TR11 0.006 1.754 0.458 1.488 1.733 1.94 0.60 0.62 3.584
TRI2 0.005 0.856 0.264 0.959 1.504 1.82 0.66 0.49 2.236
TRI13 0.006 0.831 0.384 1.107 1.436 1.82 0.35 0.51 1.185
TR14 0.002 0.683 0.370 0.724 1.376 1.69 0.58 0.51 1.992
TR15 0.007 1.497 0.024 0.780 2.793 1.86 0.31 0.47 1.104
TR16 0.007 1.403 0.095 1.511 2.777 1.82 0.10 0.42 0.378
TR17 0.009 1.476 0.103 0915 2.429 1.50 0.58 0.46 1.723

*nc : not calculated



