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ABATRACT

Trace metals(Al, Fe, Mn, Cr, Co, Ni, Cu, Zn and Pb) were analysed in
bulk and size—fractionated samples to investigate the geochemical characteris-
tics of Keum river sediments. Solid—state speciation experiment for muddy
sediments was also performed by sequential extraction technique. Dissolved
and particulate trace metals from river to coast were measured to understand
the spatial variation throughout the river.

Among the size parameters(<2;m, <16:m, <63;m, < 125um, mean size),
mean size shows the best correlation with metal contents of bulk sediments. In
the size—fractionated samples, finer fractions than the fine silt have the high-
est metal contents. The lead content in a coarse sand fraction is relatively
high (half of fine mud) and results from the K—feldspar which is one of the
major minerals 1n that fraction. The heavy minerals may make metal contents
high in the fine silt because maximum content of heavy minerals (amphibole,
pyroxene, ilmenite etc.) is found in that fraction. Crystal--latticies carry most
of portions(more than 70%) In trace metals except Mn and Pb. This small la-
bile portions may be understood by the facts that major size fractions in
Keum river sediments are fine sand and coarse silt and heavy minerals may
be the important carrier of trace metals in sediments.

The trace metals decrease significantly from river to estuary. This spatial
variation need other processes in addition to the mixing of metal —rich river
ine particles and metal—poor estuarine particles (metal—impoverished particle
by degradation/dissolution of organic matter/oxy —hydroxide or resuspended
metal —poor coarse particle). We suggest an additional process as the combi-
nation of the oxidation/precipitation reaction of dissolved manganese and phys

ical trapping of precipitates by plants or coarse grains in the riverine region.
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Fig. 1. Drainage basin and tributaries of the Keum River. Sampling sites of suspended par-

ticulate matter(.>

.} and bank sediment( @) are located along the main stream.

Table 1. Non— parametric correlation coefficients with physical factors (N=21, S=0.05%)

Mean <125um <63 um <loum <2um
Mn 0.93 0.93 0.92 0.90 0.93
Co 0.90 0.89 0.86 0.82 0.80
Ni 0.90 0.88 0.92 0.88 0.82
Cr 0.82 0.80 0.80 0.73 0.67
Zn 0.87 0.84 0.86 0.82 0.79
Cu 0.87 0.86 0.87 0.84 0.81
Pb 0.82 0.80 0.82 0.82 0.84
N : number of samples, S : significant level
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Fig. 2. Variations of major element contents with mean size in phi unit. Phi
log.(1/d) where d is diameter in mm.
Table 2. Enrichment factor(EF) of trace metals in bottom sediments from

and continental shelf of the Yellow Sea.

unit designate

some estuaries

Cr Mn Co Ni Cu Zn Pb
Keum' 0.77 0.80 0.71 0.52 0.53 0.86
This study 0.71 0.85 0.69 0.35 0.46 0.88 1.47
Huanghe* 0.86 0.62 0.83 0.59 0.91 1.31
Changjiang® 0.90 0.83 0.81 0.56 0.64 1.00 1.28
Eastern' 0.80 0.57 0.67 0.51 0.42 0.82
Yellow Sea
Western® 0.91 0.85 0.86 0.48 0.45 0.93 1.36

Yeliow Sea

Sources of data;' = 5(1993), < 4¢samples;Zhang et al.(1988); *Xiangui et al(1990);*Zhac

et al.(1995)
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Table 3. Metal portions(% ) of each chemical species in estuarine sediments(N==8).

Pb

Zn

Cu

Co

Mn

Cr

<0.1
6.3(2.2)
35.8(6.2)
16.1(5.1)
41.7(10.5)

0.7(0.2) 0.3¢(0.1) 0.5¢0.1)

0.3¢0.1)
12.1(2.6)
13.8(3.6)

7.7(4.3)
48.5(4.2)
18.2(6.1)
2.0(0.5)
23.7(3.5)

0.1(0.1)*

0.7(0.2)

Adsorbed
Carbonate

3.000.7) 6.2(1.5)

7.7(2.3)
8.7(2.7)

9.8(3.0)
1.7(0.4)
81.8(4.7)

4.0(1.2)

3.3(0.8)
5.0(1.%)

Reducible
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2.7(0.5)
90.0(2.3)

18.1(3.4)

64.8(7.4)

3.2(0.5)
70.5(5.5)

Oxidizable

90.8(2.2)

Residual

: parentheses are standard deviations

* .
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Fig. 7. Spatial variations of trace metals in suspended matters and sediments from up-

stream to lower estuary.
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Appendix Table 3. Trace metal contents in suspended particulate matters.
SPM Al Cr Mn Ni Cu Zn Pb
(mg/h) (%) (ppm) _ (ppm) _ (ppm)  (ppm)  (ppm) _ (ppm)
S4 9 7.1 162 4834 32 101 193 59
S5 " 7.3 127 3705 28 86 174 55
S6 7 8.9 166 4889 37 76 192 71
S7 6 6.6 190 2384 38 46 127 39
S8 10 5.2 144 1289 28 27 90 27
S9 13 5.2 145 1231 30 27 88 29
S10 11 4.7 131 1539 28 29 85 28
S 12 4.8 113 1234 26 27 83 29
S12 11 5.5 150 1598 31 35 97 32
S13 20 11.0 141 2422 49 43 150 59
S14 140 8.0 71 1110 29 26 109 37
S15 60 9.0 82 1308 31 27 108 40
S16 52 7.6 76 1219 28 25 99 38
S17 71 12.0 105 1617 41 35 139 53
S18 52 12.0 125 1779 51 40 166 60
Appendix Table 4. Concentrations of dissolved trace metals in riverwaters.

Cr Mn Ni Cu Zn Sr Pb

(pg/1) (ug/l) (ng/l) (pg/l) {ug/l) {pg/) (pg/l)

S4 0.47 59.0 1.31 2.84° 2.76 105 0.18

S5 0.46 66.6 1.14 2.63 2.60 105 0.11

Sé 0.39 41.5 0.79 1.78 1.86 105 0.09

S7 0.36 13.7 0.45 1.70 1.48 106 0.10

S8 0.36 11.4 0.53 1.56 1.13 101 0.10

S9 3.41 111 1.62 1.85 1.88 102 0.11

S10 0.34 11.0 0.45 1.65 1.99 104 0.09

S11t 0.32 9.7 0.51 1.51 2.26 103 0.13

S12 0.36 -9.5 0.46 1.80 2.56 103 0.13

S13 0.36 16.7 0.54 1.63 1.43 100 0.11

St14 0.33 12.2 0.53 1.38 1.51 110 0.12

S15 0.34 3.7 0.58 1.54 1.39 101 0.12

S16 0.36 3.9 0.73 1.64 1.37 102 0.10

S17 0.37 4.6 0.62 1.58 2.67 103 0.14

Si8 0.31 3.8 0.55 1.40 1.84 104 0.15




