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Geochemical Characteristics of Bottom Sediments of the Anyang
River and the Influence on the Stream Water Contamination

Ji-Won Moon*, Sanghoon Lee** and Hi-Soo Moon*

ABSTRACT: The Anyang River runs through highly industrialized area and joins the lower part of the Han
River, loading out large amounts of potential pollutants. Attempts were made to understand geochemical
behaviour of trace elements in the stream sediments collected from the bottom of the river and the stream
water. Bottom sediments, suspended solids and stream waters were collected and anlaysed for the chemical
and mineralogical composition. Heavy metals including Cr, Zn, Ni, and Co in the sediments were enriched
with respect to natural background level, recording enrichment factors of 10 to 100. Such an enrichment
appeared to reflect anthropogenic input. Pb, Cu, As were also enriched between several to 10 times, com-
pared to background levels. Although some heavy metals were derived from anthropogenic input, geochemi-
cal associations seem to imply much of the elements are originated from natural sources as well, mainly from
granitic rocks. This is also supported by the mineralogical composition of the suspended solids, which are
mainly composed of quartz, feldspar and mica. Most of the elements are associated with total carbon and
clay sized fractions, with high values of correlation coeffiecient. It was noteworthy that Hg was detected

between 2 and 4 ppb in the stream water.
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Fig. 1. Geologic map and sampling sites.
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(Martin, Meyback, 1979} v)Z3l] Yel Yo A
AXoz AA HF9) vlFA] Na, Mg, Ca, K 55
3ok 97T 2 dAEEESe g3 525 1
olu} Fuie] 3 FAS vind W H=E FEE E

wo

e}, olgjd Ajole rFH Fwol] wad shiekd
AR EAY HFoz A4 Fe, Al
59 e GA WA vEAY R B
VERRA S M3, A 19979 Al €
AZEA 4dE Ni, Cr, Cd 5 4% F=EE9
FH QR skipellA Aol AEEHUTE o= AAS
£ o443 A A g FH 44 ICPMSE
olg3led AZ IVt WRolgly] WEeR Az &
FE5E TES nFEAES] S UiFE AA IR
o =& g2 Hol=d AsYl 79 0.86~4.00 pg/L
(AAFEF 1.7 ng/l), Ni 1.01~656 pgl 2.2 pg/
L), Cr 030~6.48 pg/L (1.0 pugly 59| Hl2d =
2 S Ho|n 53] Mne B 31.8~301 pylz
AA BFQ 82 pg/lell vldl] S & FrE B
o], ol Mn 59 299 §& ¢ AA=E ¢wA
A= T2 (Fetter, 1993), T4 QA 9= 2
F H3 AG) 2 = ABA QA B AR o
@9 A 2 Aol ok Aoz Azt
shHRe] pHRES 7.26~7.700] 408 vlwq o
Ay F& w99 B Hth Ag AFe wE
3] ol FRE ARAF ARF 7P A A
A ASW-10] ARt oz 713 whe kg Holny, 1
g AR AF AANE dEgFoR SR ARE
FE Aol W2 F3HE AAE Hiks 2ol &
£t (Fig. 2).
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Fig. 2. Variations of concentration levels of stream ‘water
according to the distance.
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Table 2. Chemical composition of stream sediments from the Anyang River.
Major elements (%)
Na,O MgO Al O, Si0, P,04 K,O CaO TiO, MnO Fe,03 T.C.

ASD-1 1.31 0.58 9.92 81.3 0.28
ASD-2 1.43 071 10.1 80.3 0.24
ASD-3 2.02 1.73 17.8 65.3 0.62
ASD-4 1.97 2.24 19.6 59.3 0.77
ASD-5 1.36 0.63 8.93 81.9 0.30
ASD-6 1.38 051 8.83 83.2 0.25
ASD-7 1.73 0.55 9.90 81.6 0.19
ASD-8 1.62 1.62 18.1 63.3 0.86

3.62 0.61 0.19 0.03 2.13 0.94
3.27 0.85 0.40 0.03 2.70 0.64
3.39 1.43 0.72 0.07 6.40 1.47
3.76 2.44 091 0.10 8.21 2.58
3.90 0.69 0.25 0.03 1.97 0.39
3.30 0.55 0.23 0.03 1.73 0.51
3.34 0.63 0.28 0.02 1.72 0.21
3.28 1.45 0.73 0.10 8.09 3.66

Trace elements (mg/kg)

Cr Co Ni Cu Zn As Se Cd Pb
ASD-1 46 94 12 22 101 1.3 0.0 0.2 37
ASD-2 58 7.7 20 54 165 3.8 0.2 0.0 50
ASD-3 113 50 37 99 330 8.2 0.6 0.7 75
ASD-4 121 54 44 138 546 10 0.3 1.2 98
ASD-5 38 4.0 17 21 180 0.0 0.1 0.5 34
ASD-6 44 3.5 19 33 240 1.3 0.0 1.4 38
ASD-7 47 4.4 31 48 386 0.3 0.0 1.7 37
ASD-8 177 43 65 224 798 11 0.3 1.2 199
Enrichment factor based on the data of ASD-1
Cr Co Ni Cu Zn As Se Cd Pb Fe Mn
ASD-1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
ASD-2 1.2 0.8 1.6 24 1.6 29 0.0 13 1.2 1.1
ASD-3 1.4 3.0 1.7 2.6 1.8 35 2.0 1.1 1.7 14
ASD-4 1.3 29 1.9 33 2.8 37 3.0 1.3 2.0 1.7
ASD-5 0.9 0.5 1.6 1.1 20 0.0 2.8 1.0 1.0 1.0
ASD-6 1.1 04 1.8 1.7 2.7 1.1 7.9 12 0.9 1.0
ASD-7 1.0 0.5 2.6 22 3.8 0.2 8.5 1.0 0.8 0.8
ASD-8 2.1 2.5 3.0 57 43 4.7 33 29 2.1 1.9
T.C., total carbon.
Bom olf £ kel ol 80% olE AW o] A% BEIEE AU (Table 2).

(Table 2). PlZFe2e] 3% Pb (34.4~199 mgkg),
Cu (215~224mgkg), Zn (101~798 mgkg), As (0~
111 mgkg) 2= F& WaEo] ¥ Holr), dut
oz EHHEY nFYLEY e Fe>Zn>Cr
>Cu>Pb>Ase] £o7 7ZHA3), o 2 XRFE
olg, A 858 Sl Eog —,—Z]E 2 8E8
71EeE 3 U #4718 vt olEigen o=
o} Afol= 5]**“@] #g 7E ”Sﬂo} e A=
AH2Rl HaE B3 YA wae o M
el HwE -"]'5}04 9= ICRCL 59/83 Z-2cjx] A
AlE RFEY Z1EH waslges ICRCL, 1987)
ojul As, Cd, Cr, Pb, Se & <lAlo] alide] I=
Group A% FFH 9259 Z$ BY/1E (Trigger
concentration) ©li.o 1, ¥HH Cuy, Ni, Zn 5 A&
Aol A& & 4= U Group Bol| &3l 94

mln i

AlLO;= A% pH (6~8p89)olA g3ll=rt v $ ¥
on FHAHT FYEE HEFE giBRo| A,
ZHFgitl (Birkeland, 1984). webd 29 EAHEY
E4Ya Mt AlS] A1E Q¥EX oo wiAd BEE
AztEE FHHEY S4Y4 M/ALS v)ashd ogE
29 4d 23 % (Enrichment Factor, EF)E &
A g Ug Aouh B droMe AduEiez 9
A oHYTS 7 A e Aoz A7EE o
S HAF RGN AAF ASD-1 A ge] gkt o
£ ARE vasie IRE JerieMy 98 e
AA7IEeE A B3} I Y= E FHAT
Table 2014 B ulel 7o) ¥ AEe] Cr, Zn, Cd,
Pb, Ni, Fe, Co, Cu, As ¥ SeS EFsh= oy io

Aago] Sl I e woEE U 2o
B, olg ¥3x4E ASD3 AW QRH FA7h%
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Fig. 3. Variations of enrichment factors (EFs) of sediments
according to the distance. EF was calculated by [(m/Al) in
sediment]/[(m/Al) in ASD-1 sample].
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Table 3. Correlation coefficients of major oxides (A) and minor elements (B) with total carbon contents.

(A) Na,O MgO AL O, SiO, P,05 K,0 CaO TiO, MnO Fe,03 T.C.

Na,O 1.000

MgO 0.812 1.000

AlLO; 0.807 0.982 1.000

SiO, -0.787 -0.989  -0.997 1.000

P,05 0.628 0.927 0956 -0.964 1.000

K,0 -0.047 0.132 0.006  -0.052 0.049 1.000

Ca0 0.765 0.970 0920 -0.940 0.859 0.225 1.000

TiO, 0.814 0.984 0976  -0.982 0.919 0.004 0.954 1.000

MnO 0.662 0.947 0971 -0.979 0.992 0.006 0.897 0.951 1.000

Fe,04 0.715 0.968 0.987  -0.992 0.984 0.006 0.914 0.971 0.996 1.000

T.C. 0.443 0.812 0.867 -0.877 0954 -0.061 0.759 0.821 0.953 0.925 1.000
(B) \' Cr Co Ni Cu Zn As Se Cd Pb T.C.

\Y% 1.000

Cr 0.965 1.000

Co 0.966 0.876 1.000

Ni 0.882 0.949 0.772 1.000

Cu 0.925 0.984 0.805 0.975 1.000

Zn 0.821 0.891 0.692 0.980 0.944 1.000

As 0.983 0.962 0.940 0.863 0.926 0.787 1.000

Se 0.767 0.693 0.841 0.557 0.586 0.402 0.787 1.000

Cd 0.220 0.240 0.167 0.477 0.320 0.588 0129  -0.117 1.000

Pb 0.859 0.955 0.703 0.937 0.977 0.910 0.861 0.492 0.251 1.000

T.C. 0.936 0.962 0.827 0.891 0.958 0.865 0.923 0.541 0.193 0.953 1.020

T.C., total carbon contents (%), Statistically significant at p<0.05.
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_ - " . A o £ Cr, Co, Ni, Cu 5 (Fetter, 1993)& Atjzoz

2%, . g g o || O N me RadE s,
s B o o SRFH v HHEe) F34 PR 297199 9
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Fig. 4. Variations of concentration levels of major (in oxide
%) and minor (Lg/kg) according to the total carbon contents
(T.C.).
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Table 4. Chemical composition of suspended solids from the Anyang River using partial extraction (ug/L).

S.wW. Cr Zn Cd Pb Ni

Fe Co Mn Cu As Se Hg

ASS-1 0.1 nd 9 nd 2 nd
ASS-2 9.2 103 765 nd nd 2
ASS-3 1.5 4 24 nd 1 1
ASS-4 37 7 83 nd nd nd
ASS-5 48 2 98 nd 8 nd
ASS-6 6.1 7 102 nd 4 5
ASS-7 82 12 153 2 16

ASS-8 142 13 162 2 17 nd

690 18 10 5 nd nd nd
4111 nd 68 25 nd nd nd
1831 nd 23 nd nd nd nd
2991 nd 97 11 nd nd nd
3121 18 364 6 nd nd nd
2241 18 90 18 nd nd nd
4731 17 227 29 nd nd nd
5341 18 1020 35 nd nd nd

S.W.,, weight of suspended solid (mg/500 m/).
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Table 5. Physical and chemical characteristics of stream sediments.

Texture (%)

Quantitative analysis (%)

pH Clay Silt Sand Quartz  Microcline Illite Anortt ite
ASD-1 70 Sand 4.1 6.5 89 78 6.0 4.0 1z
ASD-2 59  Sand 1.8 4.1 94 64 18 9.3 8.6
ASD-3 5.7 Sandy loam 52 30 65 60 9.0 12 19
ASD-4 6.0 Sandy loam 10 35 55 35 8.2 33 24
ASD-5 55 Sand 21 5.0 93 69 15 7.8 8..
ASD-6 50 Sand “21 5.1 93 86 5.6 4.7 4.
ASD-7 40 Sand 0.8 2.0 97 81 8.3 32 7.3
ASD-8 6.8 Loam 14 42 45 63 7.9 16 13
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Fig. 5. Variations of concentration levels of suspended
solids from the Anyang River using partial extraction
according to the distance.

BomAdN F28 FF5 G SHAERE ¥
sloj AUAoZ wje Bgton sl Fo) F245 5
To) HjgldE Aukzlog Ee FEE HATh (Table
4). YoM A3 FAl L] HFR A, F, s, F
422 4 HAE 5 FIFEEY B 9% o3l H
B Byt F-p5ds sl BEde Fu5
So] oo} EZE| H|sk] FF oz Hoj Blud] of
#go] glou, FREdd futsle FEE5Y g
AukE o 2 Aol sFE 7FEA F71RI =, U
2 9435 Z7} FFS e Fe, Mn, Ni, Cu, Pb,
Cr So] ASS33 ASS4 AHolM &2 F=& HQ
AL g g vehd Asje} visaiiitt (Fig. 5).
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Fig. 6. Representative X-ray diffraction patterns of ASD-8;
bulk, clay fractioned orientation, mounting on membrane
filter from the bottom. Abbreviations: A, anorthite; C,
chlorite; Co, corundum as an internal standard; I, illite; K,
kaolinite; M, microcline; Q, quartz.
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FE] B 0] F43) ol AHo|EE o]
£ YxE OE AEESo] EF sandd ¥,
ASD-3, 4382 sandy loam, ASD-8 A&-& loamel
gdch gFA 7B AFER uAE
(Barbanti, Bothner, 1993; Song ef al., 1999) % =<}
Agsld AP BEA 14 Zv) g $559
Rl gelg 4 Stk

Fig. 6914 Hol= A3 7o) Qfd wiet B% 9
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Fig. 7. Variations of concentration levels and enrichment
factors according to the clay contents (%).
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- Aot (Fig. 7).

dm
il

2 5249 #Hady

gl R} B HE) T
FTEEES AQVNEH AVNe] Bz ¥
Azker}. olg9 719& olslisk] Slsl
E/2M7E whgo] ar{Eojol gtk kekd Fu
AL SPFHAGRE U=y, o8 ERlE7) Yl
FH AR BEEA AFE olf, 2¥Y 33
(source-rock deduction)= AAI3A T (Hounslow,
1995). 2 Z3}, Mg/(Ca+Mg) parameter= 3H73¢t
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Age & £ 3t} (Fig. 8). =3 ¢kekdo] o
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Fig. 8. Source-rock deduction using parameters based on the concentrations of the Anyang River water samples. Ions in meq/
L and SiO, in mmol/L.
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Table 6. Saturation indices of the Anyang River water samples for mineral phases.

SIZ range ASW-1 ASW-2 ASW-3 ASW-4 ASW-5 ASW-6 ASW-7  ASW-8
Anhydrite 0218 -2.511 -1.860 -2.181 -2.037 -1.811 -2.085 -2.003 -2.075
Calcite 0.424 0.692 -0.595 -0.545 -0.396 -0.445 -0.333 -0.364 -0.479
Dolomite 0.855 -1.850 -1.719 -1.610 -1.345 -1.380 -1.061 -1.212 -1.390
Magnesite 0.401 -1.655 -1.620 -1.561 -1.445 -1.432 -1.224 -1.344 -1.406
Gypsum 0.229 -2.300 -1.650 -1.970 -1.826 -1.600 -1.874 -1.792 -1.864
Fey(OH)g 1.011 0.707 -1.465 -2.941 -1.486 -3.546 -0.284 -1.920 -3.236
Goethite 0.050 6.032 5.162 4716 5.261 4.478 5.635 5.070 4.598
Hematite 0.200 17.07 15.33 14.44 15.53 13.96 16.28 15.15 14.20
Maghemite 0.319 6.679 4.938 4.047 5.137 3.570 5.885 4.754 3.810
Magnetite 2.523 17.19 15.02 13.54 15.00 12.94 16.20 14.57 13.25
Siderite 0.528 =277 -2.347 -3.100 -3.041 -2.966 -2.255 -2.734 -3.C10
Manganite 1.267 -4.519 -5.030 -4.876 -4.096 -5.221 -4.452 -4.392 -5.486
Rhodochrosite 0.557 -1.726 -0.941 -1.095 -0.802 -1.069 -0.745 -0.599 -1.497
Fluorite 0.548 -2.287 -1.217 -1.715 -1.377 -0.942 -1.217 -1.229 -1.346
Anorthite 0.986 -5.597 -5.824 -5.855 -4.807 -5.250 -5.894 -6.032 -6.232
Microcline 0.031 -1.514 -1.711 -2.034 -1.255 -1.303 -1.802 -1.813 -2.103
Kaolinite 0.372 2.088 2.618 2.370 2.963 3.137 2.146 2.065 2.076
Pyrolusite 2.069 -8.918 -9.869 -9.575 -8.615 -10.03 -9.051 -9.051 -10.24
Lepidocrocite 0.069 5.161 4291 3.845 4.390 3.607 4.764 4.199 3.727
Montmorillonite  0.134 2.082 1.543 1.257 2223 1.976 1.348 1.211 0.£67
Si0; (a) 0.136 -1.241 -1.433 -1474 -1.410 -1.388 -1.508 -1.447 -1.229
Si0,; (am) 0.136 -1.549 -1.741 -1.782 -1.718 -1.696 -1.816 -1.755 -1.837

g x23lsl wdlge g AL FEA TIAF
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Saturation index zone (3 FEe] log Kat®l 5%
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