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A Study on the Distribution of Heavy Metal Concentrations
in Marine Surface Sediments around Samcheonpo Power Plant

Lee, Doo-Ho - Lim, Ju-Hwan - Jeon, Byeong-Yeol - Jeong, Nyeon-Ho
Korea Electric Power Research Institute, Yusung-Ku

Abstract

An environmental geochemical survey of heavy metal distribution in marine surface
sediments around the ocean of Samcheonpo coal-fired power plant was conducted to
investigate the possibility of coal-ash leakage from ash pond and the associated heavy metal
pollution in sedimental deposits due to the operation of the coal-fired power plant.

The X-Ray Diffractometry (XRD) analysis showed that the main leakage point of coal-ash
was limited to a single site of the first ash pond. It also appeared that the amounts of organic
carbon and metal elements were positively correlated to the grain size distribution, and that Co,
Cr, Cu, Fe, Ni, and Zn were bounded to organic ligands. However, the distributions of Cd, Hg,
and Mn did not have any significant correlation with the sediment grain size and organic
matters. In particular, the distribution of Cd appeared to be affected by the concentration of the
carbonate materials in the study area.

Keyword: Geochemical Survey, Heavy Metals, Coal-Ash
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Fig. 1. Map showing the study area and stations of the
sediment sample.
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Table 1. Accuracies for heavy metal analysis
with BCSS-1(3 samples were analyzed).

Elements | Analyzed value? | Certified value | Accuracy(%)
Cd (ppm) 022 025+04 88
Co (ppm) 118 114421 104
Cr (ppm) 123 123+ 14 100
Cu (ppm) 192 185427 104
Fe (%) 290 329403 88
Mn (ppm) 209 229+15 91
Ni (ppm) 640 553436 116
Pb (ppm) 221 227434 97
Zn (ppm) 993 11912 83

a: These were averaged values.
b : Calculated as sum of (each fraction)/certified value X 100.
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Fig. 2. Ternary diagram for the sediment types.



OSY - UFEH MY PHT / ANEoEHNA FHONY BIENEFO FSAULYY EE 4T 5

20— 80— 20 —

w4 m i

LOL(%)
E
i
-
CaCO3(%)
L
.y
OC(%)

40— 087 12
] L T .
S = & | £ -
S ; — ] | |
- NN | a 08 -

= 20— 3 S 04 = 0
Q i L & - 3 4 m
O ‘l - 2 u

00 H H l | 0.0 04— T '[ T

Co(ppm)
1
]
Cr(ppm)
g
|
u
n ‘.
Cu(ppm)
[
Y

80— 2000 40— ‘
: |
. - l 7] B

2 1000 - '

Fe(%)
L1
n
i
%
Mn(ppm)
1
L]
-y
Ni(ppm)
1
]
"l
[ ]

Pb(ppm)
T
| |
u

| ]
Zn(ppm)

g

| [ ]
]
- [
i

Mean Size(phi) Mean Size(phi)
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Fig. 4. X-ray diffractogram of the fly ash and sediment (Q : quartz, M : mullite).
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Table 2. Analytical results of surface sediments from Samcheonpo region.

Sample No. Mz CaCO3 LOI oC TS COD

(@) (%) (%) (%) (%) (%)

1 3.10 13.34 245 0.01 0.058 003

2 5.55 3143 642 0.26 0.035 0.69

4 6.13 301 9.05 1.14 0.646 304

5 440 18.82 4.68 0.28 0.038 0.75

6 6.52 0.36 11.02 128 0.004 342

7 436 1.96 6.92 0.96 0.688 2.55

9 6.38 6.38 13.50 097 0470 2.59

10 6.73 9.78 8.86 0.69 0.191 1.84

11 531 58.86 7.18 0.26 0.111 0.69

12 3.68 6226 5.66 008 0.185 021

13 490 9.89 6.67 048 0.022 127

14 695 7.76 10.13 0.68 0.007 1.80

15 642 6.62 11.32 094 0.142 2.50

16 6.30 14.25 1144 1.09 0.050 290

17 6.30 1744 9.89 0.70 0.044 1.87

18 6.66 6.22 15.84 1.04 0.029 278

19 641 10.03 10.54 097 0.000 2.60

20 6.74 1541 390 0.75 0.007 1.99

21 523 13.20 8.839 045 0.001 1.20

22 5.15 22.10 6.50 042 0.080 1.12

23 6.25 21.39 798 0.28 0.080 0.75

24 7.18 2.55 9.62 0.63 0.032 1.69

25 707 3.82 11.17 0.75 0014 201

26 1.86 8.68 2.83 0.17 0.000 046

27 707 402 10.34 091 0016 241

28 6.60 2121 9.90 054 0016 143

29 334 39.67 538 0.11 0.067 029

30 349 3648 3.86 0.17 0.035 046

31 321 72.15 6.35 0.17 0.089 046

32 6.80 13.39 9.87 0.72 0.025 191

33 6.70 9.60 10.17 0.70 0.070 1.85

34 5.56 3.50 3.80 048 0.100 1.29

35 6.78 2371 8.20 0.55 0.040 147

Fly ash - 0.68 341 044 0.113 1.17

LOI : Loss On Ignition, OC : Organic Carbon, TS : Total Sulfur

gt FeEdase] FaYPEse HlwA o] A7t AASFE g¥Ho] ST HI
2 AHWAE Eol sloH, dxrt Agst T3 FHA o] FUHEFE FFEC] AAA Hof
ol mek gl Frkehs QWA APYL  AF a9 FAL ZAIE J1x WEE 3
Hol¥ Utk(Fig. 3). olAd HAEY Y=+ F &317] wEelth g oM E Awe vhek 2
LAk BAO 2 GFS UAA " 94 o A TAE A LASTHE WS
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Table 2. (Continued)

Sample Cd Co Cr Cu Fe Mn Ni Pb Zn Hg

No. (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm)

1 05 86 134 72 177 872 117 292 529 0.09

2 09 128 438 154 268 1,006 235 482 822 0.11

4 07 156 64.1 459 439 477 30.1 44.1 166.7 0.09

5 06 102 28.1 196 198 540 159 36.8 722 004

6 10 139 88.7 463 3.88 184 310 316 172.1 003

7 07 153 630 272 3.19 309 339 216 1287 0.00

9 06 142 512 442 324 289 302 375 1449 0.00

10 06 14.6 73.1 166 348 643 332 39.5 98.1 0.00

11 1.1 118 236 108 1.56 736 240 40.8 530 005

12 10 10.6 155 9.1 1.06 433 202 35.8 422 005

13 06 143 439 325 3.86 475 277 387 106.8 0.00

14 06 155 847 285 402 1,182 392 438 1428 0.00

15 07 154 753 504 475 1241 364 614 1270 0.00

16 05 129 683 38.1 456 1,554 310 40.1 1157 0.00

17 07 148 60.0 199 2.88 1271 319 478 1116 0.00

18 06 143 724 30.1 361 1326 364 40.8 149.0 0.00

19 05 135 724 344 361 1235 339 418 1204 0.00

20 06 134 62.8 213 2.88 1073 326 420 111.1 002

21 05 130 527 213 322 1,197 29.1 36.7 124.1 0.00

2 06 113 330 18.1 251 1213 234 387 939 0.00

23 06 126 68.7 216 239 990 318 38.8 1054 003

24 06 15.1 90.1 293 408 1,200 399 38.8 1419 0.00

25 05 129 86.3 26.8 370 961 356 337 1219 0.00

26 06 113 278 140 274 758 147 22 459 0.00

27 06 16.1 862 26.7 4.16 1215 394 390 1303 0.00

28 07 128 525 185 241 1,111 305 426 106.1 003

29 038 74 87 43 052 726 140 26 280 0.06

30 07 95 174 90 202 922 162 32.1 492 003

31 10 95 136 73 0.88 990 185 340 362 003

32 06 13.1 66.9 180 2.87 1216 318 399 1094 0.00

33 06 138 730 177 341 967 33.1 404 109.9 003

34 05 109 38.8 123 2.89 788 192 323 80.5 0.00

35 07 117 394 188 174 1,485 283 438 1014 0.00

Fly ash 09 28.1 647 84.1 232 401 87.6 65.1 2277 0.18
FAAAE THEE FTEELLY A2 A Axo] sle f71EY 29E FuE Ay
Ao 2= HAHEFY HAFYZel o3l Auj=L ) As 7FeAE AARBEL Atk =& 919 9AE
by @ S Aok 59 FUE AE 7Y B Y S ZA0IIE fo09 4BHEL Bolx 9o
A, oA T2 f71E FEFE ArEe fFrlEA L ol L S e S S e A e
g3t shotd Ar0TPAE TS P VD AE YA B AL HolT Yo F
A(ZF2F r=0.78, 080, 085, 0.80, 0.76, 089) 5 H.°] &5 JAAIE AseE 2E AMEFE
3L o] o]E dAaEe] FE AHS HAE & AR ZrE 7ol vlsf f7eta heFoly 88t
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Table 3. The correlation matrix of element concentration and textural characteristics in sediment samples from Samcheonpo region.

Mz CaCO; LOI OC TS COD Cd Co Cr Cu Fe Hg Mn Ni Pb  Zn
Mz | 100
CaCO3| 049 100
LOI | 0.74 -037 100
oC | 071 -066 075 100
TS | -007 013 008 031 1.00
COD | 071 -066 075 100 031 100
Cd | 029 069 -0.16 -022 0.13 022 100
Co | 072 -062 066 078 027 078 -022 1.00
Cr | 084 -071 072 080 001 080 -035 086 100
Cu | 056 -062 067 08 032 08 -019 073 069 100
Fe | 064 -079 060 080 0.2 080 -046 085 084 082 100
Hg |-036 041 -039 -040 0.5 -040 050 -040 -045 -029 -041 100
Mn | 038 -003 026 005 -054 005 -038 008 023 -006 0.5 -031 100
Ni | 087 -053 078 076 008 076 -027 09 093 064 075 -050 031 100
Pb | 062 -007 046 032 013 032 -002 050 039 042 041 -004 047 050 1.00
Zn | 078 074 075 089 025 089 -030 085 087 085 083 -036 007 084 039 100
Table 4. Average chemical composition of surface sediments from Samcheonpo Power Plant,
together with those of other areas for comparison.
Continental Jinhae Continental SCP Power Plant® Crust
shelf of East Sea® bay” shelf of South Sea® range mean (shale)®
Cd (ppm) 0.5-1.1 0.7 03
Co (ppm) 11 12 12 74-16.1 12.8 25
Cr (ppm) 71 59 53 8.7-90.1 533 100
Cu (ppm) 20 30 11 43-504 23.1 55
Fe (%) 3.1 36 2.5 0.52-4.75 294 56
Hg (ppm) 0.00-0.11 0.02 04
Mn (ppm) 365 386 409 184-1554 927 950
Ni (ppm) 33 27 26 11.7-39.9 28.1 75
Pb (ppm) 31 37 27 21.6-614 38.1 13
Zn (ppm) 95 128 62 28.0-172.1 102.5 70

Source of data : “Lee et al.(1991)” and Z(1994)?; PLee and Lee(1983)'9; ¢ =(1994)>; “This study: “Taylor(1964)'2.

A AroFgol o &AM E F A (r=050)% Ho]x glou} stafa} W3l Zo] 2
AABFIL ik @H =g F2, W3 FF ol oulle WAL fFVE 5 ZoE 3
o HFYESGE AuiolE AR Holx &y dEnh B A ofd e AR gugl
Atk 7FEg o] A et dEs gl A EARRAE HolA &dth

AAA (r=069)F Helal o] o] 5(199)ve] & g HAHER g e 5 7
A aF v R gtk B4 98] = deol AE&E 7 FEE FolElRy] 913t
B ¥l AulEL sS4 F AUtk F2 F o] A¥3h= ¥R 2 6,12, 15, 21, 2041 HF
F AT Ntew BEFHE Fo FEEA £ A59 a3 A5 dalHE =g
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Table 5. Analytical results of leaching test.

Pb

(ppm)

nd
nd
nd
nd
nd
0.04
nd

Hg
(ppm)

nd
nd
nd
nd
nd
nd
nd

Cu
(ppm)

007
0.10
nd
0.02
nd
0.02
0.02

Cro+

(ppm)

nd
nd
nd
nd
nd
nd
nd

CN
(ppm)

nd

nd

nd
0.02
0.03

nd
0.05

Cd
(ppm)

nd
nd
nd
nd
nd
nd
nd

As

(ppm)

nd
0.08
0.06
nd
nd
nd
0.04

Sample

No.

12
15
21

29
Fly ash

nd : not determined.
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