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Vertical Distribution and Contamination of Trace Metals in Sediments
Within Hoidong Reservoir
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In order to investigate the vertical variations and speciations of trace elements, and their correlations in Hoidong
reservoir, sediment cores (21-41 cm below surface) and interstitial water samples were collected from five sam-
pling locations. The total average concentrations of trace metals in sediment core samples were 232+30.8 mg/kg for
Zn, 119+272 mg/kg for Cu, 58.4+4.1 mg/kg for Pb, 15.7+3.3 mg/kg for Ni and 1.6+0.3 mg/kg for Cd. The total
concentrations of trace metals in core sediments generally decreased toward the center of the Hoidong reservoir.
The total concentrations of Mn, Pb and Zn decreased with depth for all the sample locations, while Cu and Fe con-
centrations increased. The trace metal concentrations of interstitial water sample were in. the order of
Fe>Mn>Cu>Zn, but Cd, Ni and Pb were not detected. The concentrations of Zn, Cu, Fe and Mn in the interstitial
water samples showed a tendency of increasing toward the bottom of the core, suggesting a possible upward diffu-
sion. This migration of trace metals may lead to their transfer to the sediment-water interface. These trace elements
would be subsequently fixed onto amorphous Fe and Mn-oxides and carbonates in the topmost layer of sediment.
Based on the Kp values, the relative mobilities of the studied metals were in the order of Mn>Cu>Zn>Fe.
Geochemical partitioning confirmed that surface enrichment by trace metals mainly resulted from a progressive
increase of the concentrations in the fractions II and III. Copper, Fe, Mn and Zn concentrations of interstitial water
were closely correlated with their exchangeable fractions of sediments.

Key words : Hoidong reservoir, Bottom sediment, Trace elements, Vertical distribution, Geochemical behavior
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Fig. 1. Sampling sites of core sediments form Hoidong
reservoir, Busan.
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Table 1. Trace element concentrations of core sediments from Hoidong reservoir (mg/kg).

Core sample Depth

number (cm) As Cd Cu Fe Mn Ni Pb Zn
C4-1 -5 n.d. 1.83 94.9 27,892 974 253 69.2 290
C4-2 -9 nd. 1.86 79.7 28,875 742 17.2 63.2 282
C4-3 -13 n.d. 1.60 54.4 27,050 639 15.6 58.1 256
C4-4 -17 n.d. 1.80 54.8 28,497 679 16.8 60.6 259
C4-5 21 n.d. 2.15 70.5 32,751 794 20.8 64.5 292
C3-1 -5 n.d. 1.85 46.1 28,152 730 16.9 62.1 269
C3-2 -7 n.d. 1.82 50.2 27,843 756 16.2 63.4 274
C3-3 -11 n.d. 1.67 50.8 27,805 745 14.7 61.0 255
C3-4 -15 n.d. 1.61 50.3 27,223 781 15.0 61.6 263
C3-5 -19 n.d. 1.79 50.6 28,325 782 15.1 62.3 264
C3-6 -23 n.d. 1.74 49.9 29,081 737 14.2 59.5 239
C3-7 -29 n.d. 1.76 57.5 29,876 386 16.4 58.7 225
C2-1 -5 n.d. 1.54 443 27,769 671 151 61.0 233
C2-2 -7 n.d. 1.49 58.2 27,963 663 14.0 58.7 219
C23 -11 n.d. 1.44 68.6 28,366 696 14.1 58.7 221
C2-4 -15 n.d. 1.59 60.5 28,172 702 15.5 59.7 235
C2-5 -19 n.d. 1.65 47.5 29,846 668 14.1 57.5 234
C2-6 -23 n.d. 1.80 50.8 31,567 715 16.2 58.8 244
C2-7 =27 n.d. 1.80 52.8 30,966 606 193 56.9 257
C2-8 -31 n.d. 1.64 54.6 30,931 558 18.1 54.3 253
C2-9 -35 n.d. 1.62 65.4 31,346 562 16.3 579 224
Cl-1 -5 n.d. 1.58 49.6 23,624 729 14.8 56.8 231
C1-2 -7 n.d. 1.58 75.0 25,754 702 14.5 55.7 228
C1-3 -9 n.d. 1.68 55.4 28,724 996 14.7 61.6 227
Cl4 -11 n.d. 1.58 654 27,388 681 14.6 56.0 228
C1-5 -13 n.d. 1.65 66.5 28,701 656 15.5 64.6 228
Cl-6 -15 n.d. 1.56 64.7 28,756 635 159 579 222
C1-7 -19 n.d. 1.65 73.6 28,780 604 16.2 56.7 224
C1-8 -23 n.d. 1.55 72.6 26,606 540 16.7 52.3 224
C1-9 -27 n.d. 1.47 719 26,435 533 18.3 51.6 222
C1-10 -31 n.d. 1.58 73.1 26,523 569 18.0 54.0 221
Cl-11 -35 n.d. 1.59 72.3 25,808 547 17.8 53.0 204
Cl1-12 -41 n.d. 1.43 774 26,664 579 16.6 55.7 186
C5-1 -5 n.d. 1.36 533 28,427 815 137 53.6 215
C5-2 -9 nd. 1.42 74.8 28,454 691 14.9 55.6 222
Cs-3 -13 n.d. 1.44 81.9 29,242 659 16.1 577 218
C5-4 -17 n.d. 1.34 461.9 28,792 614 16.3 579 216
C5-5 -31 n.d. 0.52 869.6 26,681 593 6.2 59.1 144
mean 1.61 94.1 28,307 690 16.0 58.6 236

Min 0.52 443 23,624 533 6.2 51.6 144

Max 2.15 869.6 32,751 996 253 69.2 292
Median 1.60 62.6 28,345 680 16.0 58.4 228
Stdev 0.24 145 1,767 109 2.7 3.7 28.2

CcVv 0.15 1.54 0.06 0.16 0.17 0.06 0.12

*No.7 Roadside sediments 19 192 28 157 733
uncontaminated sediments 1.5 23 16 49 133

*Lee et al., 2006
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Fig. 3. Trace element concentrations of core sediments within the watershed of Hoidong reservoir(mg/kg).
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Table 2. Trace element concentrations of interstitial water within core sediments from Hoidong reservoir (mg/kg).
Depth

(cm) Cu Fe Mn Zn Cd Pb Ni
C4-1 -5 0.099 0.49 1.13 0.015 n.d. n.d. n.d.
C4-2 -9 0.142 2.39 1.54 0.020 n.d. n.d. n.d.
C4-3 -13 0.123 1.95 1.59 0.018 n.d. n.d. n.d.
C4-4 -17 0.065 2.46 2.20 0.021 n.d. n.d. n.d.
C4-5 221 0.124 2.63 2.46 0.016 n.d. n.d. n.d.
C3-1 -5 0.031 0.24 1.46 0.018 nd. n.d. n.d.
C3-2 -7 0.074 0.65 1.88 0.023 nd. n.d. n.d.
C3-3 -11 0.123 043 2.65 0.023 n.d. n.d. n.d.
C3-4 -15 0.131 1.28 2.76 0.030 n.d. n.d. n.d.
C3-5 -19 0.164 2.84 3.24 0.032 nd. n.d. n.d.
C3-6 -23 0.210 3.03 2.84 0.085 n.d. n.d. n.d.
C3-7 -29 0.164 3.10 2.51 0.047 n.d. n.d. n.d.
C21 -5 0.027 0.36 1.13 0.008 n.d. n.d. n.d.
C2-2 -7 0.126 0.77 2.12 0.013 n.d. n.d. n.d.
C2-3 -11 0.126 2.60 2.28 0.016 nd. n.d. n.d.
C2-4 -15 0.070 2.05 3.16 0.013 n.d. n.d. n.d.
C2-5 -19 0.102 1.18 348 0.017 n.d. n.d. n.d.
C2-6 -23 0.124 1.68 3.85 0.019 n.d. n.d. n.d.
C2-7 -27 0.121 1.73 3.27 0.017 n.d. n.d. n.d.
C2-8 31 0.156 2.61 3.38 0.025 n.d. n.d. n.d.
C2-9 -35 0.192 252 3.25 0.043 n.d. n.d. n.d.
Cl-1 -5 0.061 043 1.84 0.012 n.d. nd. n.d.
C1-2 -7 0.071 1.07 2.72 0.016 n.d. n.d. nd.
Cl1-3 -9 0.059 0.77 3.03 0.019 n.d. n.d. n.d.
Cl-4 -11 0.093 2.10 3.57 0.019 nd. n.d. n.d.
Cl-5 -13 0.087 0.99 428 0.016 n.d. n.d. n.d.
Cl-6 -15 0.099 1.14 3.37 0.017 n.d. n.d. n.d.
Cl1-7 -19 0.103 1.27 3.37 0.019 n.d. n.d. n.d.
C1-8 -23 0.110 1.33 392 0.023 n.d. n.d. n.d.
Cl1-9 =27 0.172 392 3.19 0.027 nd. n.d. n.d.
Cl1-10 -31 0.116 2.87 3.40 0.020 n.d. n.d. n.d.
Cl-11 -35 0.153 3.72 3.14 0.052 n.d. n.d. n.d.
Cl-12 -41 0.167 3.02 3.03 0.041 nd. n.d. n.d.
C5-1 -5 0.148 022 1.49 0.015 n.d. n.d. n.d.
C5-2 -9 0.231 0.66 2.37 0.025 n.d. n.d. n.d.
C5-3 -13 0.229 0.86 2.36 0.021 n.d. n.d. n.d.
C5-4 -17 0.276 0.30 3.19 0.058 nd. n.d. n.d.
C5-5 -31 3.255 0.28 3.64 0.176 nd. n.d. n.d.

mean 0.209 1.63 2.74 0.029

Min 0.027 022 1.13 0.008

Max 3.255 392 4.28 0.176

Median 0.124 1.30 2.94 0.020

Stdev 0510 1.08 0.81 0.029

cv 245 0.66 0.30 1.00




AT ZAHHES vlEA oF 9 £FH BAEA 595
Culmg/ ¢) Zn(mg/ ¢) Mn(mg/ ¢ ) Fe(mg/ ¢)
00_.0 01 02 03 32 33 00.‘00 0.05 0.10 018 020 1 2 3 4 5 0 1 2 3 4

5

C4

Depth(cm)

8 & 3
Depth(cm)

8 3 3 &
Depth(cm)

g I&' é & o
Depth(cm)

8 3 3 & o

-25 -25 -25 -25

=3
N
@
~

00 01 02 03 32 33 000 005 010 018 020 1 2 3 4 5
0

C3

Depth(cm)

8 8 3 3 &
Depth(cm)

8 8 3 3 &
Depth(cm)

8 8 3 2 & o
Depth(cm)

8 8 3 3 & o

o
N
@
ES

00 01 02 03 32 33 000 005 010 018 020 1 2 3 4 5
07 0

C2

Depth(cm)

8 88 8 3 3 &
Depth{cm)

& 88 8 3 3 &
Depth(cm)

8 88 83 35 & o
Depth(cm)

8 & 883 3 o

01 02 03 32 33 000 005 0.10 0.18 020 1 2 3 4 5 1 2 3 4
T 0 i -

C1

-30

Depth(cm)
588883 35 0 o
Depth(cm)

g 88 8 3 3 &
Depth(cm)

888883 38 & o
Depth(cm)

588882 35 6 o

00 01 02 03 32 33 060G 005 0.10 0.18 020 1 2 3 4 5 [ 1 2 3 4
P N———— 0 N———— 3

C5

Depth(cm)

€ 8 8 3 3 & o
Depth(cm)

g€ 8 8 3 3 o
Depth(cm)
.ﬁ IB .a IS S o
Depth{cm)

& 8 8 3 8 & o

-30

35 35 35 35

Fig. 4. Trace element concentrations of interstitial water within core sediments of Hoidong reservoir (mg/l).
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Table 3. Chemical partitioning of trace metals(%) for core sediments of Hoidong reservoir.
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I?:g)h FI(%) FII(%) FIT(%) FIV(%) FV(%)
Ci-1 3 1.96 15.75 38.20 6.34 3775
C1-2 7 2.69 17.48 35.57 6.35 37.90
C1-3 9 3.81 15.68 32.90 6.91 40.70
Cl-4 -1 3.84 14.45 37.00 6.36 38.35
Cl1-5 -13 5.10 13.37 35.84 6.33 39.37
Cl-6 -15 6.28 13.56 33.46 5.83 40.86
Cl1-7 -19 7.87 12.36 33.18 5.36 4124
C1-8 23 9.87 12.04 30.19 6.16 4175
Zn C1-9 27 10.39 11.60 29.26 5.71 43.03
C1-10 31 8.22 13.36 29.70 6.11 4261
Cl-11 35 10.03 12.03 26.16 5.63 46.16
Cl1-12 41 10.24 10.03 25.83 5.91 47.99
oS B 124 1586 - 3599 6.41 4051
C5-2 9 437 12.17 35.40 5.88 42.18
C5-3 -13 5.18 10.73 31.19 6.31 46.58
C5-4 -17 6.81 8.51 29.56 6.07 49.05
C5-5 31 5.40 3.45 19.09 5.42 66.63
Cl-1 3 21.59 23.81 21.04 2.17 31.39
C1-2 7 26.82 19.49 1945 233 31.91
C1-3 9 17.90 23.01 3251 2.68 23.90
Cl1-4 -11 28.73 15.27 18.84 2.51 34.65
C1-5 13 29.97 1276 17.31 251 37.44
Cl1-6 -15 30.71 11.74 16.43 242 38.70
C1-7 -19 30.28 10.01 1548 2.30 4194
Cl1-8 23 29.35 9.04 14.18 2.76 44.67
Mn C1-9 27 26.52 8.83 12.94 2.63 49.08
Cl1-10 31 28.05 1033 13.90 2.62 45.10
Cl-11 35 27.15 9.70 12.41 2.52 4821
Cl-12 -41 29.01 9.52 14.39 2.64 44.44
7051 5777 0 2334 T 2389 2013 204 3061
C5-2 9 28.06 13.90 17.42 2.09 38.53
C5-3 -13 29.05 1121 1425 2.09 4340
C5-4 -17 27.63 7.73 13.08 2.13 49.44
Cs5-5 31 20.23 235 29.15 237 45.90
Ci-1 3 1.40 0.00 945 4270 46.45
Cl1-2 7 1.53 12.37 1521 4201 28.88
C1-3 9 2.28 0.00 7.35 49.16 4121
Cl-4 -11 1.99 7.66 12.85 45.87 31.63
Cl-5 -13 2.56 8.44 13.54 4197 33.49
Cl1-6 -15 3.67 8.53 11.88 41.84 34.07
C1-7 -19 4.93 12.07 15.40 35.21 32.38
C1-8 23 6.54 0.00 13.57 4374 36.15
Cu C19 27 6.25 13.63 13.62 37.89 28.60
Cl1-10 31 485 12.69 16.65 3737 28.46
Cl-11 35 6.54 14.07 14.54 36.58 28.27
Cl-12 41 8.84 15.59 14.05 39.03 22.49
G511 B O T O X V' 1055 42,68 3592
C5-2 9 3.78 12.90 12.88 39.81 30.64
C5-3 -13 5.09 13.95 12.89 39.19 28.88
C5-4 -17 11.57 28.41 13.61 35.61 10.80
C5-5 31 19.66 25.29 38.38 10.45 6.22
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Table 3. Continued.

o

Depth

(cm) FI(%) FII(%) FIII(%) FIV(%) FV(%)

Ci-1 -5 0.00 217 23.29 1.88 72.66
C1-2 -7 0.00 2.16 23.22 2.01 72.61
C1-3 -9 0.01 2.81 22.08 224 72.86
Cl14 -11 0.01 1.75 2341 2.14 72.68
Cl1-5 -13 0.02 213 22.36 2.00 73.49
Cl-6 -15 0.05 1.92 22.84 1.82 73.37
C1-7 -19 0.08 242 2341 1.63 72.46
C1-8 -23 0.11 2.17 22.75 1.88 73.10
Fe C1-9 -27 0.14 2.62 2242 1.82 72.99
C1-10 -31 0.07 2.55 22.61 1.90 72.86
Cl-11 -35 0.14 2.63 22.50 1.67 73.05
C1-12 -41 0.17 2.98 24.75 1.79 70.31
C5-1 -5 0.00 2.47 20.32 1.80 75.40
C5-2 -9 0.02 1.80 20.50 1.61 76.08
Cs-3 -13 0.05 1.53 20.02 1.82 76.58
C5-4 -17 0.04 1.66 22.36 1.29 74.64
C5-5 -31 0.01 0.97 26.84 0.96 71.22
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Fig. 5. Solid phase partitioning of trace metals in different size fractions of core sediments from Hoidong reservoir.
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Table 4. log K, values of trace elements for core sediments from Hoidong reservoir.
‘::fnt;’ log[Kp] Cu log{Kp] Zn log{Kp] Fe log[Kp] Mn
C4-1 -5 2.98 4.29 4.76 2.94
C4-2 -9 275 4.15 4.08 2.68
C4-3 -13 2.65 4.15 4.14 2.61
C4-4 -17 293 4.09 4.06 2.49
C4-5 221 2.76 4.26 4.10 2.51
C3-1 -5 3.17 4.17 5.07 2.70
C3-2 -7 2.83 4.08 4.63 2.61
C3-3 -11 2.62 4.05 4.81 245
C3-4 -15 2.58 394 4.33 2.45
C3-5 -19 2.49 392 4.00 2.38
C3-6 -23 2.38 345 3.98 241
C3-7 -29 2.54 3.68 3.98 2.55
C2-1 -5 321 4.46 4.89 2.78
C2-2 -7 2.66 423 4.56 2.50
C2-3 -11 2.74 4.14 4.04 249
C2-4 -15 2.94 4.26 4.14 235
C2-5 -19 2.67 4.14 4.40 2.28
C2-6 -23 2.61 4.11 4.27 2.27
C2-7 =27 2.64 4.18 4.25 2.27
C2-8 -31 2.54 4.01 4.07 222
C2-9 -35 2.53 372 4.09 224
Cl-1 -5 291 4.29 4.74 2.60
C1-2 -7 3.02 4.15 4.38 241
Cl1-3 -9 297 4.08 4.57 252
Cl4 -11 2.85 4.08 4.12 228
Cl-5 -13 2.88 4.15 4.46 2.19
Cl-6 -15 2.82 4.12 4.40 2.28
C1-7 -19 2.85 4.07 4.35 225
Cl-8 -23 2.82 3.99 4.30 2.14
Cl1-9 -27 2.66 391 3.83 2.22
C1-10 -31 2.80 4.04 3.97 2.22
C1-11 -35 2.67 3.59 3.84 224
Cl-12 -41 2.67 3.66 3.95 2.28
C5-1 -5 2.56 4.17 5.12 2.74
C5-2 -9 2.51 3.96 4.64 247
C5-3 -13 2.55 4.02 4.53 245
Cs-4 -17 3.22 3.57 498 2.28
C5-5 -31 243 291 498 221
mean 275 4.01 4.36 242
Min 2.38 291 3.83 2.14
Max 3.22 4.46 5.12 294
Median 271 4.08 431 241
Stdev 021 0.28 0.36 0.19

cv 0.08 0.07 0.08 0.08




ARl TAHAEY vgds o B FHY 254 603

HEo e vHda: T =F5M 9] gaiE
EEA e JeRY, Kp @2 AAE2(logE
FAEIAE 259 A ke E20l= JuUE EA|
e o) Be oz UEA glouz e AR
LS 3s AR eith(Lee et al, 1997b). 7
FolA o, U & Jl=F Fo] AEHA G%
BE olg 949 ARVEMAS g AT 5 ¢l
Rem, A T 7155 o2 EAsh] Kok
= HAHE §2F 32 v Ro R EA¥le A=
49tk 1M 9 59 IO FE e Ak of
4, 72, 3 2 Ho ARJEMAsEe 47
291-446(H 4.01), 2.38-3.22(Hd 2.75), 2.14-2.94
#Ha 242) 2 3.83-5.12(3F 4.36)°]tHTable 4).
ARTEAAS S o]83 2 njF@ehe A
o|Fx=(mobility)E 45 &, WA, Jl=8L 4
el (particulate)® FHIE T o5 =T BE £AME B
Alsld W7k>Te] >okd > Y-g A%t}

4.4 E

3TAFA 3A HAE W v|gkdie Ha FgF
< o} 232+30.8mgkg, +8 119+272 mgkg, 2
584+4.1mghkg, YA 157+33mgkg = =&
16+0.3 mg/kgo|2ict. viHdL F3ere FHo=R
AFA] YFolA WRE ZpE Fefo| hdle AT
o] #AZ=HITt. FobAFe] ool wit W7k o 2
old ke dukrog Zashy, 7, d e &
7hle A#E Holi itk o 3FATA FY
B 2938 A E29 HHAE9| Aelof wet ¢
o] BAHEA Aolrt dtks A& At YA
G EHHE wBYd g vz A, 1
LA EglA o] B2 RS Bl wHd,

t, 2, 370 2 3L FEATAE flsEe RE
oA Fgol o ==Yt} ol Yi4E ITAFAZR
== BEAF 5 FREF o8 JHg o] B
= AYE AR 7ol 88E Y4 e
H>7h>FE >ge $O8 @on, JoAge| AR
oM IRE ZE Frteke ATl HEEUL. ole
HEZ A5 2 AR 52 AATESRE &t
B UFE JAjI) SAEE S Zol ofdx %
vl EAFH e 3352 Zol7t FrHgdl wet Fiz
Fve] Hl&o] F7keid e, FII, FII ¥ FlVe 248}
Art. B3 FIo 2 Exjshe nadd T 2855
7= & A o] Sk A3l #EE3

F

;

e
r

ok

o3

¢

fdo

t}h. ol FEAFR|NA HAHZ] Zo|7t Fiste| wt
2 FII, FIl ¥ FIVE £A3k= ofdx wzte] &3
o FI ¥ FVE WY LS AAjght). 1€
73F, BHEY Zlojo| wet FI, FI ¥ FIO H|&o]
Z718le W] FIVe) FV &2 7hhdhs Ao
2= AE7 AT 3 0188 7 mEA
o] FEHQ olF=E Fs A>T >old>A
ol 2 UAFHE keI QS-& AA3) oy
g AFAE S, el 8389 o, 7E, A
9 U7 dae HHEY ] AARESR FlE
Ag AABIL lom FFALAY £2L J3F
F7U B8 HAE Al JAg A3 U7 A
FE 93l e AR FMEd. FEE AY
31, 3 FAFA] uteelA AF S HHEL THYE
o] BAHon, ol A&F273) v
EFe9} elE3E autgel] 7dd Aoz 3l
=k

to Rl oW

g

Al Al

o] A7 IEARAAPATY 7BTFARIC] <o)
EA AESAQLIMA BE7IE AFGHFARD),
0AA2004020-2006(3))” A2l dglo = FIYE AL
o}

=8

it}

Banerjee, A.D.K., 2003, Heavy metal levels and solid
phase speciation in street dusts of Delhi, India, Envi-
ronmental Pollution, V. 123, p. 95-105.

Belzile, N., Lecomte, P. and Tessier, A., 1989, Testing
readsorption of trace elements during partial chemical
extraction of bottom sediments, Environmental Sci-
ence and Technology, V. 23, p. 1015-1020.

Harrison, RM., Laxen, D.P and Wilson, SJ., 1981,
Chemical associations of lead, cadmium, copper, and
zinc in street dusts and roadside soils, Environmental
Science and Technology, V. 15, p. 1378-1383.

Hewitt, C.N. and Rashed, M.B., 1990, An integrated bud-
get for selected pollutants for a major urual highway,
The Science of Total Environment, V. 93, p. 375-384

Hursthouse, A.S., 2001, The relevance of speciation in
the remediation of soils and sediments contaminated
by metallic elements-an overview with specific exam-
ples from central Scotland, Journal of Environmental
Monitor., V. 3, p. 49-60.

Kersten, M. and F’rstner, U., 1986, Chemical fraction-
ation of heavy metals in anoxic estuarine and coastal
sediment, Water Science and Technology, V. 18, p.
121-130.



604

Kheboian, C. and Bauer, C.E, 1987, Accuracy of selective
extraction procedures for metal speciation in model
aquatic sediments, Analytical Chemistry, V. 59, p.
1417-1423.

Lee, PK., Baillif, B, Touray, J.C. and Ildefonse, J.P, 1997a,
Heavy metal contamination of settling particles in a
retention pond along the A-71 motorway in Sologne,
France, The Science of Total Environment., V. 201, p.
1-15.

Lee PK., Baillif P and Touray ]J.C., 1997b, Geochemical
behaviour and relative mobility of metals (Mn, Cd, Zn
and Pb) in recent sediments of a retention pond along
the A-71 motorway in Sologne, France, Environ-
mental Geology, V. 32, p. 142-152.

Lee, PK. and Touray, J.C., 1998, Characteristics of pol-
luted artificial soil localized on a motorway border and
effects of acidification on the leaching behavior of
heavy metals(Pb, Zn, Cd), Water Research, V. 32, p.
3425-3435.

Lee PK., Youm S.J., Shin Y.S., Chi SJ., Kim J.W,, Oh C.W.
and Kim S.0., 2005a, Vertical Distribution of Heavy
Metal Concentrations in Sediment Cores and Sedi-
mentation Rate Using 210Pb Dating Technique in the
Juam Reservoir, The Journal of Korean Society of Soil
and Groundwater Environment, V. 10, p. 43-57.

Lee, PK., Yu, YH., Yun, S.T. and Bernhard Mayer, 2005b,
Metal contamination and solid phase partitioning of
metals in urban roadside sediments, Chemosphere, V.

BT - 7R -

BoE - oI2F
60, p. 672-689.

Lee PK., Kang M.J., Youm SJ., Lee 1.G., Park S.W. and
Lee WJ., 2006, Trace Metal Contamination and Solid
Phase Partitioning of Metals in National Roadside
Sediments Within the Watershed of Hoidong Res-
ervoir in Pusan City, The journal of Korean Society of
Soil and Groundwater Environment, v. 11, p. 20-34.

Tessier, A., Campell, PG.C. and Bisson, M., 1979,
Sequential extraction procedure for the speciation of
particulate trace metals, Analytical Chemistry, V. 51,
p. 844-851.

Wang, WH., Wong, M.H., Leharne, S. and Fisher, B,
1998, Fractionation and biotoxicity of heavy metals in
urban dusts collected from Hong Kong and London,
Environmental Geochemistry and Health, V. 20, p.
195-198.

Youm, SJ., Lee, PK., Kang, M.].,, Shin, S.C. and Yu, Y.H.,
2004, Contamination Level and Behavior of Heavy
Metals in Stream Sediments within the Watershed of
Juam Reservoir, Economic and Environmental Geol-
ogy, V. 37, p. 311-324.

Youm, SJ., Lee, PK., Yeon, K.H. and Kang, M.]., 2005,
Heavy Metal Contamination in Roadside Sediments
within the Watershed of the Hoidong Reservoir in
Busan City, Economic and Environmental Geology, V.
38, p. 247-260.

20073 84 25¢ e, 20073 102 22 ARl



