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Concentration and Geochemical Phases of Heavy Metals in Marine
Sediments in the Vicinity of the Coal-fired Power Plant of Korea

Lee, Doo-Ho - Jeong, Yeon-Tae
Environmental Research Group, Korea Electric Power Research Institute

Abstract

Marine surface sediments in the vicinity of Samcheonpo coal-fired power plant were
analyzed by a total analysis(HF+HNO;+HCIO,) and sequential extraction procedure for heavy
metals in order to investigate the total concentrations and geochemical phases of heavy metals.

The result showed that the concentrations of Cr, Cu, Fe and Zn were within ranges typical for
coastal areas, which reflected the mineralogical composition of the sediments in the studied
area. However, the distributions of Cd, Co, Mn, Ni and Pb were rather different from the
former, indicating that these heavy metals had a different origin, or that they were affected by a
different geochemical mechanism.

Chemical partitioning of heavy metals using sequential extraction procedure revealed that
Cu, Fe, Pb, Zn were significantly bound to the residual phases of the sediments, whereas
carbonate phases contained considerable amounts of Mn. The significant association of Pb with
the exchangeable fraction also indicated that Pb was more mobile and bioavailable than Cu, Fe,
Mn, Zn.
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Fig. 1. Map of the study area, showing the sampling stations and the power plant.
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Table 1. Analytical results of surface sediments collected from Samcheonpo region(sG=sandy gravel, gM=gravelly mud, msG=
muddy sandy gravel, (g)ms=slightly gravelly muddy sand, gms=gravelly muddy sand, (g)sM=slightly gravelly sandy mud,
gS=gravelly sand, S=sand, cS=clayey sand, zS=silty sand, sZ=sandy silt, sM=sandy mud, Z=silt, M=mud).

Station Gravel (%) | Sand (%) Silt (%) Clay (%) Mz () Sed. facies | CaCOs3 (%) | LOI (%)
S2-1 00 395 213 392 6.5 sM 123 6.1
S3-1 6.6 8.0 334 520 7.8 M 9.6 94
S4-1 00 120 323 557 80 sM 115 114
S5-1 00 163 304 533 7.6 sM 115 9.8
S6-1 00 69 333 59.8 82 M 9.6 72
S8-1 00 575 137 287 50 cS 155 6.1
S9-1 0.1 30 382 587 8.6 M 9.3 103
S10-1 302 339 10.6 253 29 eM 589 112
S11-1 00 38.6 234 380 6.3 sM 213 44
S1-2 376 564 40 2.1 00 sG 783 6.6
S2-2 6.7 453 293 187 45 sM 122 9.7
S3-2 02 41.1 410 177 54 sZ 77 9.6
S4-2 35 76.7 137 6.2 33 (gmS 243 7.8
S5-2 10.6 49.6 276 122 338 gmS 138 114
S6-2 56.1 30.1 9.5 44 00 msG 597 8.6
S7-2 28.6 624 6.1 2.8 05 gmS 524 77
S8-2 155 676 10.8 6.1 2.1 gmS 438.1 8.8
S9-2 424 50.3 48 2.5 0.1 msG 716 6.6
S10-2 19 470 30.8 203 50 sM 125 117
S11-2 00 46 664 29.1 6.8 Z 56 125
S1-3 26.1 71.1 19 10 0.1 gS 633 40
S2-3 115 578 219 8.8 33 gmS 12.8 7.6
S3-3 00 00 703 297 70 Z 82 7.6
S4-3 100 429 320 152 40 sZ 104 102
S5-3 00 29 65.5 316 70 Z 4.1 152
S6-3 00 39 65.1 310 70 Z 2.1 9.7
S7-3 234 68.8 50 2.8 0.7 gmS 503 46
S8-3 00 732 185 8.3 35 A 02 7.6
S9-3 425 520 35 19 0.1 sG 633 49
S10-3 60.3 397 00 00 -13 sG 894 32
S11-3 16.1 524 22.1 9.5 3.1 gmS 157 92
Si14 184 755 40 22 0.7 gS 473 438
S2-4 00 99.8 02 00 20 S 1.8 8.5
S34 00 409 412 179 53 sZ 54 105
S4-4 52 315 432 20.1 49 sZ 82 112
S5-4 28.8 58.1 89 42 038 gmS 25.1 7.8
S6-4 135 53.1 227 10.8 29 gmS 70 92
S7-4 157 716 8.5 42 1.5 gmS 41.1 74
S8-4 19 76.1 153 6.7 33 A 46 80
S9-4 82 676 162 80 2.8 gmS 394 8.5
S10-4 29.8 509 133 6.1 1.1 gmS 9.8 94
S11-4 38 65.1 216 9.5 37 A 163 9.8
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Table 1. (Continued)
Station Cd (ppm) | Co (ppm) | Cr(ppm) | Cu(ppm) | Fe(%) | Mn(ppm) | Ni(ppm) | Pb(ppm) | Zn (ppm)
S2-1 12 6.7 49.7 18.8 3.62 502 26.7 209 63.6
S$3-1 1.6 88 713 219 501 645 02 250 102.3
S4-1 10 58 676 22.1 301 390 324 19.1 715
S5-1 14 88 76.6 220 4.12 582 418 245 90.1
S6-1 15 6.8 448 144 2.19 472 269 192 632
S8-1 20 78 37.1 12,6 1.86 509 258 205 583
S9-1 1.6 1.1 852 185 2.14 555 39.7 212 810
S10-1 34 80 330 119 1.60 665 313 26.7 375
St1-1 2.1 80 60.6 17.6 1.64 657 324 218 754
S1-2 0.6 80 21.1 145 1.13 506 36.7 237 440
S22 03 106 528 45.6 2.96 614 352 233 96.8
$3-2 04 17.1 813 305 401 1015 523 325 1094
S4-2 04 189 86.2 238 4.15 435 50.8 488 136.9
S$5-2 0.2 75 4622 82 222 129 26.6 16.6 50.0
S6-2 05 95 339 119 1.62 411 40.1 30.1 542
S7-2 04 7.7 272 13.6 1.56 592 358 302 60.5
S8-2 0.6 119 46.7 189 247 861 484 347 770
$9-2 0.5 75 219 10.1 1.06 649 355 263 414
S10-2 15 154 84.1 212 367 864 523 320 98.5
S11-2 0.3 14.1 100.0 263 339 904 58.8 326 122.8
S1-3 0.7 194 21.1 10.6 293 440 40.5 718 270
$2-3 03 14.2 599 330 244 593 335 446 79.1
$3-3 03 16.7 769 313 3.10 816 418 583 94.5
S4-3 03 19.2 81.5 303 322 803 463 518 958
S$5-3 03 182 959 242 145 710 524 504 96.8
S6-3 03 16.5 94.6 387 340 728 483 523 108.7
S7-3 0.7 185 189 89 124 858 388 80.8 315
S8-3 03 14.7 60.5 144 249 654 335 437 726
$9-3 0.7 196 258 9.8 133 780 444 825 35.1
S10-3 0.6 12.1 39 24 025 335 294 56.8 69
S11-3 0.3 153 676 184 242 831 398 527 79.6
S1-4 0.7 180 255 132 146 540 40.7 69.4 35.1
S2-4 0.3 16.8 66.2 49.1 359 491 375 574 109.3
S3-4 0.3 145 735 24.7 274 895 40.6 527 86.7
S4-4 0.3 16.8 830 253 3.00 777 463 57.1 959
S5-4 0.5 163 53.1 16.8 230 913 412 650 163.7
S6-4 03 196 81.6 315 357 854 454 589 1115
S7-4 0.6 18.8 356 189 1.77 739 410 76.7 518
S8-4 03 170 69.8 180 282 742 390 544 81.1
S9-4 0.7 200 56.1 117 2.14 879 48.6 720 580
S10-4 0.6 19.1 482 159 198 846 473 755 617
S11-4 03 150 603 174 230 827 39.1 56.0 772
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Fig. 2. Pair diagrams showing the relationships between mean size of sediment grains(Mz) and the contents of
LOI, CaCO3 and heavy metals.
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Table 2. Basic statistics of bulk sediments in comparison with those in the sandy and muddy sediments.

Bulk Sediments (n=42) Sandy Sediments (n=25) Muddy Sediments (n=17)
Mean SD SD/Meanj Min Max Mean SD SD/Mean| Min Max Mean SD SD/Mean
Mz (¢) 3.7 2.8 0.76 -1.3 40 1.8 1.6 0.89 45 8.6 6.5 1.3 020
CaCO;(%) | 257 247 096 02 894 364 269 074 2.1 213 9.8 45 046
LOI (%) 85 25 029 32 114 7.7 2.1 027 44 152 95 26 027
Cd (ppm) 0.7 0.7 1.00 02 34 0.6 0.6 1.00 03 2.1 1.0 0.7 0.70
Co (ppm) 13.7 4.6 034 75 20.0 149 45 0.30 58 182 120 43 036
Cr (ppm) 570 247 043 39 862  46.1 226 049 | 371 1000 730 184 025
Cu (ppm) 20.2 99 049 24 49.1 173 99 057 126 456 245 84 034
Fe (%) 2.51 101 040 | 025 4.15 216 090 042 145 501 302 095 031
Mn (ppm) 667 191 029 129 913 655 203 031 390 1015 684 176 026
Ni (ppm) 40.2 79 020 | 266 508 39.6 6.2 0.16 | 258 588 409 100 024
Pb (ppm) 445 199 045 166 825 523 194 037 19.1 583 331 147 044
Zn (ppm) 762 317 042 69 1637 67.1 359 054 | 583 1228 895 178 020

Table 3. Comparison of average metal contents of sediments between Samcheonpo region and other areas.

This study  |Kwangyang Bay?| Jinhae Bay® South Sea® Average Shale! Crus®
(n=42) (n=91) (n=23) (n=89)

Cd (ppm) 07 03 02
Co (ppm) 137 13 12 12 20 25
Cr (ppm) 570 67 59 53 90 100
Cu (ppm) 202 19 30 11 45 55

Fe (%) 251 38 3.6 25 4.7 5.63
Mn (ppm) 667 909 386 409 850 950
Ni (ppm) 402 33 27 26 68 75
Pb (ppm) 445 35 37 27 20 125
Zn (ppm) 76.2 95 128 62 95 70

Source of data : “% £(2000)”; "Lee and Lee(1983)'®; % =(1994)”: Turekian and Wedepohl(1961)™); “Taylor(1964)*".

Table 4. Pearsons correlation coefficients of grain size and geochemical data in sediment samples from Samcheonpo region.

Mz CaCO; LOI Cd Co Cr Cu Fe Mn Ni Pb Zn

Mz 1.00
CaCO; | -0.75 1.00

LOI 052 -0.57 1.00

Cd 027 0.12 -007 1.00

Co 027 013 0.00 -049 1.00

Cr 0.74 -0.83 0.71 -0.16 024 1.00

Cu 041 -0.63 040 -0.29 022 0.65 1.00

Fe 0.56 -0.67 0.38 -007 0.11 0.72 0.62 1.00

Mn 0.05 024 0.23 -0.15 0.54 037 024 0.17 1.00

Ni 007 -0.19 043 -0.35 0.65 0.56 032 037 0.64 1.00

Pb -0.50 0.15 027 041 0.88 -0.13 004 0.8 042 0.38 1.00
Zn 047 -0.69 0.52 -0.23 022 0.81 0.68 0.69 0.39 0.50 -0.09 1.00
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Fig. 4. Metal distribution in the sediment samples determined by sequential extraction procedure.
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