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The Geochemical Characteristics of the River Water in
the Han River Drainage Basin
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Abstract : To investigate geochemical characteristics and the sources of the dissolved ion species in the river
water in the Han river drainage basin, samples were collected at 60 sites from the Han river drainage basin. The
data for pH, conductivity, TDS (total dissolved solid), temperature, and concentrations of dissloved ions were
obtained as follows : (1) The geochemical characteristics of the surface water in the South and North Han river
drainage basins are mainly controlled by bed rock geology in the drainage basin and in the main stream of the
Han river considerably affected by anthropogenic pollution. The South Han river water samples have high
concentrations of Ca™ (ave. 15.42 ppm), Mg™ (ave. 2.74 ppm), HCO; (ave. 51.9 ppm), which evidently indicates
that the bed rock geology in a limestone area mainly controls the surface water chemistry. The concentration of
SO, is remarkably high (SHR10-2 : 129.9 ppm) because of acid mine drainage from the metal and coal mines in
the upper reaches of the South Han river. (2) The South Han river and the North Han river join the Han river in
the Yangsuri, Kyounggido and flow through Seoul metropolitan city. The mixing ratio is about 60:40 at the
meeting point (sample number HR10). (3) The result of factor analysis suggests that the pollution factor accounts
for about 79% and the bed rock type factor accounts for about 7% of the data variadon. This means that the
geochemical characteristics of the Han river water mainly controlled by anthropogenic pollution in the South Han
river and main stream of the Han river drainage basin. (4) The chemical data for four tributaries such as the
Wangsukcheon, the Tancheon, the Zungrangcheon, and the Anyangcheon show that the concentration of
pollution elements such as NO,, CI, PO,*, SO,* and Mn are high due to municipal waste disposal.
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Figure 1. Geologic map of the Han river drainage basin (Geological and Mineral Institute of Korea, 1973).
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Table 1. Hydrologic characteristics of major streams in the Han river drainage basin (Office of Environment, 1983; Kim and Kim, 1994).

Drainage density

Name of stream Lithology Drainage b;;sin Length of main  Total length of stream
area (km?) stream (km) ( Basin area )
Precambrian metamorphic rocks
Main Han river (HR)  Mesozoic granites 3000 80 -
Quaternary alluvium
. Precambrian metamorphic rocks
North Han river (NHR) . . 11200 320 0.36
Jurassic and Cretaceous granites
Paleozoic sedimentary rocks
South Han river (SHR) Jurassic and Cretaceous granites 14000 400 0.31
Ogcheon group
7} A 2R e EAL S92 Jehl A Table 13} 2th. A 2gsta Qek(ZF8at 2845, 1994)
Aitea ALE(1994)00 Jshel et AAY BF A L=
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Figure 2.

Sampling location map for surface waters in the Han river drainage basin.
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AFHE viAEAC
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meter(Orion model 135)E o]-&3ld =R 314t
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(Perkin Elmer M3100)2 243} c}.
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Table 2. The physical properties of water samples in the Han riv-
er drainage basin

Con- TDS TZ TZ'
Eh L C.B.
pH (mV) (°C) ductivity (mg (meq (meq %)
(uS/em) /L)y /L) /L)

HR1 744 2199 6.5 6620 2946 43.288 59.496 7.88
HR2 754 1728 6.5 380 219 3180 2522 577
HR3 751 2178 6.7 307 191 2.706 2.253 458
HR4 761 2179 59 260 174 2.385 2.092 327
HR6 7.24 1337 96 582 373 5.580 3.841 9.23
HR7 798 2336 54 165 114 1.564 1.397 2.82
HRS8 837 2274 538 178 120 1.669 1485 292
HRO9 7.30 1996 6.6 231 147 2.052 1.771 3.68
HR10 8.88 2176 6.0 181 120 1.639 1564 1.18
TR1 879 2044 56 178 125 1.735 1.552 2.78
TR2 733 486 11.6 593 363 5.374 3957 7.59
TR3 7.37 477 119 580 336 4.899 3871 5.86
TR4 737 467 125 502 324 4711 3.770 5.55
TR5 732 965 11.1 478 316 4575 3.582 6.09
TR6 7.80 1091 72 286 218 2965 2771 1.69
TR7 7.58 183.7 49 327 255 3.642 3.140 3.70
TRS8 769 1504 7.7 911 593 8.531 7496 3.23
TRY 872 1441 7.7 274 240 3.500 2231 11.07
TR10 7.59 1468 6.1 248 157 2.166 2.034 1.57
TR11 746 1478 69 276 182 2537 2170 3.90
TR12 784 1313 7.3 411 286 4.122 3.374 499
TR13 748 126.1 10.1 592 370 5.388 3916 791
TR14 730 486 7.3 926 589 9.100 6.483 840
TR15 741 595 104 856 543 8.244 6.665 5.30
TR16 752 -122 98 1312 841 13.310 10498 5091
TR17 7.82 1037 8.7 430 278 4.186 3.399 5.19
TR18 746 812 93 719 453 6.874 4.658 9.61
NHRI1 8.02 209.3 69 88 66 0909 0718 586
NHR2 8.01 209.1 69 83 63 0.859 0.683 5.70
NHR3 8.16 2158 74 80 64 0908 0.661 7.90
NHR4 8.10 2059 6.6 78 61 0841 0.652 6.36
NHR5 872 1815 8.8 93 72 0981 0.784 5.60
NHR6 752 2076 96 71 54 0727 0582 5.56
NHR7 747 2040 8.3 60 47 0.643 0476 747
NHRS 7.59 2005 6.1 113 93 1.241 1.024 4381
NHR9 7.63 2141 8.0 114 91 1200 1.012 4.25
NHR10 799 1972 87 109 88 1.183 0963 5.14
NHR11 860 1804 97 83 63 0.855 0.692 528
SHR1 8.51 1541 938 217 161 2226 1939 344
SHR2 794 2069 112 209 156 2.185 1.819 4.58
SHR3 825 179.7 98 200 150 2.110 1.696 5.45
SHR4 796 1792 85 217 165 2.332 1.870 5.50
SHR5 9.36 164.1 132 107 76 1.050 0.844 543
SHR6 9.14 1584 8.6 203 158 2.107 1.897 2.62
SHR7 837 171.1 118 214 172 2.319 2.001 3.68
SHR7-1 851 152.8 13.3 211 170 2.287 1982 357
SHR7-2 848 159.3 13.8 212 172 2.330 1996 3.87
SHRS 8.57 1824 138 216 175 2.352 2.041 3.54
SHRS8-1 8.71 183.8 135 189 144 1969 1695 3.73
SHR9 8.74 1925 147 244 205 2.813 2.334 4.66
SHR9-1 8.52 2325 1438 175 140 1.881 1.571 4.50
SHRI10 8.70 240.3 14.8 290 230 3212 2692 441
SHR10-1 840 187.1 13.3 309 271 3489 3.138 2.65
SHR10-2 7.87 191.7 13.3 393 275 3964 3.615 2.30
SHR11 9.27 151.6 132 187 133 1.802 1451 5.40
SHR12 9.12 1717 9.7 79 62 0.842 0.623 7.46
SHR12-1 8.86 184.6 109 130 102 1.383 1.124 516
SHR13 8.61 1635 109 163 128 1746 1413 5.27
SHR14 8.71 2453 11.2 142 114 1527 1238 5.23
SHR15 8.52 1974 123 132 105 1.393 1.162 4.53
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Table 3. The pH values of river water in the Han river drainage
basin

pH (average)

Stream basin

past recent
(1980-1982) (1996)
Han river basin (HR) 7.67(1980, 1981) 7.87
Tributary {TR)-Anyangchon 7.26(1982) 7.59
North Han river (NHR) 7.61(1980, 1981) 8.08
-Gapyong, Chungpyong
South Han river (SHR) 7.62(1981) 290

-Yangpyong, Yeojoo

Data(1980-1982)after Byeon(1980), Lee(1981), Kyeong(1981) and
Son(1982)
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Figure 3. pH-Eh relationships of the river water samples in the
Han river drainage basin. The solid line represents the
limits of pH and Eh in the surface environment.
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Figure 4. Piper diagram showing the chemical compositions of
the surface waters from the Han river drainage basin.
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Figure 5. Scatter diagram of Na vs. Cl and K vs Cl for the sur-
face water samples from the Han river drainage basin.
Symbols are the same as in Figure 3.
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Table 5. Chemical parameter of the water samples used in mixing
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Figure 8. Carbonate systems for the water samples in the Han river
drainage basin showing calcite and dolomite saturation
indices (SI). Symbols are the same as in Figure 3.
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Figure 9. Concentration comparison of water samples collected in 1981 (Nakai et al., 1981) {(-O-) with 1996 (this study) (-@-). Numerals
in horizontal axis are sampling points shown in Figure 1.

141



A#g -

SO olee daz, B, B BRel shas Alzol
2% Z7sn gk SOY gt AP wE B9
SHR9 A2t §7404 A58 A2z detis §Rats ds
A ARl ZED Aelv] Aot B, T Ne B FolA
o Baiwee) AHBALOE HAHAh R8s R F
o= dael ATy HYEAE SO0 G padn
gich.

Na' ol&& K, Clel athest fAksth. daapel A18s]

] SHR6—>SHR4—»SHR2—»SHR1§ AKAM oS o]
ghapulz} 8ol @teeh Eobxdm YUck(Figure 8). o] AYEE
7% FA0 SR WA B¥sha 9o} 59 ]z, 43A, A
_;;a_;q] = o]g,.]xq [e] o:lO_]g] odz‘sko] 5_7}‘ Ho g 3}]/\4{3 2= oh:].

a7 Sse) ANBRES $EolerEe Wbt SO
NOZ Al2lg 225 81d3l 961 £Agkzholl 2 wshrt
A et 25 G2 od 2F St UEYA &
o gy G R B sHsEe NOe| ol
sldsuc @43 A dehtz ok

SRR k42 Na', K, Cl 59 F=tvist =71813
gtk o= mAlgtel e 4B sl 9@ o B F7t

Moz 249,

a2y 19813 A Z a3 (Nakai et al, 1981)= 593 114
o ANEPons B AT AR AN 3483 ohk
AL Aol gort TEHOE A7l AASUTH A=A
A A717k €] shatoll Tl solof & Aolct.

2 B
7 57 24 Wel safel Asse) $uA BT 42
oleze) 7198 FH] Najel B S 607) ARl of

sty pH, A7|AEE, TDS 53 £& o] &0 5 & A3}
Aok 2 A3 g1 22 §Ao] Aoyt

L &7 7 A U 3pdge] 383 EAL 148e= 4
A AGe) AAe] dakg P glem 231¥ 02 A9H @
oio)] _0,]6—]- O:l?‘skO _::]_7“ =131 9)\5}.

= Ca¥, Mg”, HCOy 9} 8O 9] shato] =
]EHEJrT: 79 Ul Ade 545 wkdsta gl
Foll EE3tn e 7% FAta oA
s o R A gt
Mz elolr)e] WALR 9 Febr) d7det
on ojge) Fald 93ty Ht7) st

*-HCO; #38 339 38ty 5 5

.02 AG A qF) vE) A BE £EAE)
Rl 3 e 2 daae T} Brt & o
2 7]ieke) FHe) 9EiA Awisn ok
F7rol FEAA (AR HWE HRI0)9 A 2] CI
oF 60:400|c}. upzhA] 7 BFe] A7
oll= 13 9918 W)l gro|t). ol
A A E e} k. B AHE
2 A5 AN FEO 93 A9F 29 94
gt Ao I H3i A E(HRL)E 35 &

A

“J{m

3o 48 %

fe)
e

E A

o B0 £ ) it
2R 4o
e

oy
ul i)

Lo 42

o 2

oo
Moo g

N
off :10 o=
o 2 Me

142

At

5o Velta it

. AA WJ A 2| FEled 5L A 719y st
SHd Frde] oA Faholl 711%k K'H-3ke] §4do] e}
Q9 mu AT AH Q2 BAre) o 79%7 0 29
938l o 7%7F FrAHe) Aol B4 kgl o) 4
gk 18l #9 J B33k e SAFS 13 &4
7} 2 G40 o) 22" o2 MatE )

2 FUdsHE g A9 UIAR(ESA, B,
)l 3k Bl Hge) B Ao, <tFd-E TDS
—«l °‘é XM A9 el BA
2 FH9 A9 EFo]
%] L. ‘7F‘\_ Ag
Mn F)¢

o
o 0.9.
b
\:!

30

o3
.E
31

e

o

)

gharo] = A yebtth.
7. 19817 199613 Abolo] 237, F37t, SRR 5}
520 £F o] 2F 9] 2% HlwoA] Ca¥, Mg, K 5 ¢4 7]
°l 012—7=L W37t g1ou) SO%, NOy 5 34t 75 71gou
ANH e dd A4 F7betn At

Al A}

N
-'ﬁ

3

2
-+

FEALATFAE ] Adoz YU}, A
st Adaduse dAdigta AT AH9
9 f9% xdd FAET. 28] 934
=i e A golud 2 238 FAU
AtelE ETh T3 ofe]RAMA] A E
FHat Aol ok ZsREdR 4

¢

N
)
(e

o

o B

> o 1%
>~
tn £ ox
2 g

-

—°~FJ

o u

i A

oxl
o2
32 X,

o2 ox B ofMr 2 orx
e

ol o 1 o
2
Y
ot

+

o
S
-

HOET

ek

i
LN

3, 1981, &7} 3F-Ale] A3t o B

AT, Adadgtn A g9l=§, 22p.

zmzz AR, 1994, dtel pAgD D ATt BA #
3 A7, 2| A}, 27(6), p. 593-599.

WA, 1980, 7t BFe YETA E o155 AL B

SR E LN

vlw A7, a2 ista AALete] =i, 45p.
E471, 1982, @A F sE 2 29 EZe tatd, 7o
gt AArste] =&, 20p.

FAd, Adt, BT,

1994, FHA G 7ieet SRl ©E A
Bl Aehetd 549, 21483 4], 30, p. 307-324.
olEF, HAH, TIE, °H> , 1989, @7 279 A {9 F
TR B, T4, 5(1), p- 47-56.

o] %%, 1981, &7 4F A R 38 AF9 olFgetd zAL A7,
B Erm MAEH =, 24p.

SR FAY, 1993, A 5}4AL9) 7) B2AF H5iA], 340p.

FALS, 1969, G823 53¢7%e] SRR HmdT, dS4
&3], 2(3-4), p. 51-68.

A, UFS, 85F, 1972, #2549 o|siatA
AT, B7)H AFERA, p. 72-81.

A, d571, 1971, 72 FAe FARTH LA N A

Jb

S0 B



BASARAN 5] A7 54

AT, B2 Y58, 4(3-4), p. 7-15.

F&$, Yo, ), 1979, @rketael o Bitel, A%
4=8}3] %], 12(3-4), p. 19-46.

3TE, olBF, BV, 1982, FFAAE, LR E, d=5YA}
AAF4, 19p.

87374, 1983, #7235 @A RA ¢AREE A, A 14, p. 7-70.

April, R. and Newton, R. M., 1985, Influence of geology on lake
acidification in the ILWAS watersheds, Water Air Soil Pollution,
26, p. 373-386.

Banens, R. J., 1987, The geochemical character of upland waters
of northeast New South Wales, Limnology and Oceanography,
32, p. 1291-1306.

Berner, E. K. and Berner, R. A., 1987, The global water cycle,
Prentice-Hall, Englwood Cliffs, NJ., 397p.

Bond, R. G. and Straub, C. P., 1973, Genetic types of sub-

Handbook of
environmental control, 3, water supply and treatment, lst ed.
Cleveland, OH, Chemical Rubber Co., 85p.

Cronan, C. S., 1985, Chemical weathering and solution chem-

Differential influence of soil type, bi-
otic, processes, and H' deposition, In : The chemistry of
weathering(Ed. J. I. Drever), p. 175-195, Reidel.

Gibbs, R. J., 1970, Mechanisms controlling world water chem-
istry, Science, 170, p. 1088-1090.

Greenberg, A. E., Lenore S. Clesceri and Andrew D. Eaton, 1992,
Standard method for the examination of water and wastewater,
18th edition, American Public Health Association, p. 1010-
2320.

Gumbley J. W., Wilson A. T., Hendy C. H. and Nelson C. S.,
1974, Sedimentology of shallow cores from Lake Vanda, An-
tarctic, J. U.S. July-Aug., p. 135-137.

Gunn, R. H. and Richardson, D. P., 1979, The nature and pos-
sible origin of solid salts in deeply weathered landscapes of east-
ern Australia, Australian Journal of Soil Research, 17, p. 197-
215.

Kim, K. H. and Nakai, N., 1981, A study on hydrogen, oxygen
and sulfur isotopic ratdos of the hot spring waters in South
Korea. Chikyugagaku 15, p. 6-16.

terranean waters in relation to their salinity, In :

istry in acid forest soils :

143

Livingstone, D. A., 1963, Chemical compositions of rivers and
lakes, USGS prof. Paper, 440-G.

Meybeck, M., 1979, Concentrations des eaux fluviales en ele-
ments majeurs et apport e¢n solution aux oceans, Riviews in
Geological Dynamics and Geographical physics, 21, p. 215-246.

Mizutani, Y., Nobuyuki Nakai and Sa Uk Hong, 1982, Geo-
chemical studies on the principal dissolved chemical component
in Han River, Kor. J. Lim., 15(1-2), p. 1-6.

Nakai, N., Mizutani, Y., Kiyosu, Y. and Hong, S. O., 1981, A
research on environmental movement of the Han river eco-
logical system, Research Report of Toyota Foundation(unpub).

Sarin, M. M., Krishnaswami, S., Dilli, K., Somayajulu, B. L. K.
and Moore, W. S., 1989, Major ion chemistry of the Ganga-
Brahmaputra river system : Weathering processes and fluxes to
the Bay of Bengal, Geochim. Cosmochim. Acta, 53, p. 997-
1009.

Stallard, R. F., 1985, River chemistry, geology, geomorphology
and soils in the Amazon and Orinoco basins, In : J. I. Drever
(Ed.), The Chemistry of weathering, p.293-316, Reidel, Bos-
ton.

Stallard, R. F. and Edmond, J. M., 1983, Geochemistry of the
Amazon 2. The influence of geology and weathering en-
vironment on the dissolved load, J. Geophy. Res., 88, p. 9671-
9688.

Stauffer, R. E., 1990, Granite weathering and the sensitivity of Al-
pine lakes to acid deposition, Limnology and Oceanography,
35, p. 1109-1130.

Stauffer, R. E. and Wittchen, B. D., 1991, Effects of silicate
weathering on water chemistry in forested, upland, felsic ter-
rane of the USA, Geochim. Cosmochim. Acta, 55, p. 3253-
3271.

Stednick, J. D., 1991, Wildland and water quality sampling and
analysis, Academic Press, 217p.

Zhang, J., Huang, W. W, L tolle, R. and Jusserand, C., 1995,
Major element chemistry of the Huanghe(Yellow River), China-
weathering processes and chemical fluxes, J. Hydrology, 168, p.
173-203.



