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Pollution of the Imgok Creek and the East Sea by
the Abandoned Coal Mine Drainage in Gangdong-myeon,
Gangreung, Kangwon-do
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Abstract : Imgok creek is the most severly polluted one out of the streams which have been being polluted by
acid drainages from the abandoned coal mines in the Gangdong-Myeon area, the central part of the so called
Gangreung coal field. Imgok creek is being mainly polluted by the drainage from Youngdong coal mine, which
supplies such pollutants as Mg, Fe, Al, Si, Ca, Mn, and SO, as major dissolved components and Cr, Co, Ni, Cu,
Zn, Rb, Sr, Cd, Pb, and U as minor dissolved components. After the influx, the pollutants migrate mainly as
dissolved solid, rather than as suspended solids along Imgok creeck. The suspended solids in Imgok creek are very
rich in Fe and Al, indicating that théy mainly consist of the precipitates of present and past from the polluted
water. Most of the dissolved components in the stream waters of Imgok creek removed from the aqueous phase
by precipitation and diluton before reaching the East Sea, so that water quality of the downstreams of Imgok
creek is very similar to that of unpolluted tributaries. It suggests that Imgok creck itself is now being severly
polluted by the acid drainages from the abandoned coal mines, but the East Sea is relatively safe from the same
pollution. The estuary and sea waters around the Goonseon estuary, which accepts Imgok creck water, certainly
show no significant difference in chemical compositions from the mean oceanic water. The bottom sediments at
the sampling sites of the sea waters also show no significant trend of their component variation, especially the
variations of Fe, SO, and Al concentratdons. These facts again support that the acid mine drainage is not
considerablly polluting the East Sea. However, the tributaries supplying the fresh water to the Imgok creek will be
certainly polluted by the acid mine drainage as time passes and pollutants will have more chance to migrate in
significant amount to the downstream area, which all can be a real threats to the East Sea on the pollution
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possibility. Therefore, it is suggested that urgently required are not only water quality and environmental

improvement of the severely polluted Imgok creek but also preparation of the measures on the possible future:
pollution of the East Sea by the acid drainage from the abandoned coal mines in the area, while the East Sea is

still not much affected by the pollution of the same kind.
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Figure 1. Location of the study area.
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Figure 2. Locations of the abandoned coal mines in the catch-
ment area of Imgok creek.
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Figure 3. Locations of the stream water sampling sites along Im-
gok creek.
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Table 1. Field measurement data along the Imgok creek

Sample Date T Eh Conductivity Remark
No. ("C) (mV) (uS/cm)

103 October 8, 11.1 290 615 2250  polluted
105 1996 17.5 2.57 706 2840 polluted
106 154 2.82 676 2030 polluted
107 October 9, 115 7.50 489 297  unpolluted
108 1996 10.3 2.85 670 IEZQ polluted
109 11.8 3.32 640 58 polluted
1010 15.0 540 462 315 polluted
1014 17.0 3.25 609 853 polluted
1015 166 3.35 601 785  polluted
1015-1 16.8 3.53 557 673  polluted
I1015-2  October 10, 9.2 3.79 549 661  polluted
1015-3 1996 11.8 3.67 529 647  polluted
1016 11.0 3.64 542 688  polluted
1016-1 192 3.34 588 1453  polluted
1016-2 17.0 3.79 569 705  polluted
1016-3 176 3.63 576 774  polluted
1016-4 16.0 3.32 579 734  polluted
1017 October 11, 11.8 3.62 584 705  polluted
1017-1 1996 12.0 3.82 557 697  polluted
1018 13.8 3.58 607 697  polluted
1019 158 4.09 543 359  polluted
1020 178 467 483 189  polluted
1974-2 April 21, 137 753 316 234  unpolluted
1974-3 1997 125 2.78 606 2500 polluted
1974-4 14.7 2.85 580 2530  polluted
1974-5 12.8 4.02 475 721  polluted
1974-6 April 22, 99 6.61 238 469  polluted
1974-7 1997 111 5.06 438 561 polluted
1974-7-1 9.1 6.80 442 91 unpolluted
1974-8 10.3 695 244 469  polluted
1974-9 11.1 6.10 340 518 polluted
1974-10 10.7 6.80 460 249  polluted
1974-10-1 121 7.05 440 76  unpolluted
1974-13 102 6.70 440 251 unpolluted
1974-14 109 697 287 462  polluted
1974-15 108 7.03 279 454  polluted
1974-15-1 120 7.02 281 426 polluted
1974-15-2 122 5.60 455 429  polluted
1974-15-3 12.1 6.36 373 423 polluted
1974-16 122 482 466 442  polluted
1974-16-1 14.1 3.69 533 1225 polluted
1974-16-2 127 487 478 444  polluted
1974-16-3 12.6 473 494 460 polluted
1974-16-4 12.2 4.55 489 461 polluted
1974-16-5 13.6 726 387 116  unpolluted
1974-17 119 4.51 484 444  polluted
1974-17-1 122 459 478 440  polluted
1974-18 April 23, 95 4.78 447 405 polluted
1974-19 1997 114 5.16 427 271  polluted
1974-20 11.1 5.64 410 144  polluted




#)

7] gEoln], o] k& pHE B3 Ei= 71 o] EAjsts
FEEY 545 F538 F/HA ojdd= v W y9
AEEE vf$ gol7] WFolrh Bhie A olA F2 Fest

& AAe] Atsh-gh gl wkgof o3 2P EE Ao Z dHA 9l
UHDrever, 1988). AFH& AFF0)BR, && 447} Eho)
MAE G ASY oG FYHE 38X BT 7o) ¥
2 Aozt 91 Aolth. mekM AZHe| Eh Wat= F2 33

He) A YE A48 $F Fsh Feel Aoh-99 vhgol
sla AulE W Aoz Azt

Table 1o Azlgt +29 AHA Hstg 4uEH, 19963
1029 I} 19973 499 A vldte] AAH oz ¢
G2 pHet ¢ 52 AERE B, FARTE 7384 2
ol o Astelo] A& & F AUk AR FF @ vl
103(961d 108 A1 2)st 1974-3(97'3 49 A5)9] 42 o]
7FAY gl 2& a2, olgd AMAQ £ Wae

Ad M2 AF FLFY Wl F2 7t g ¢ Ads
Aol AAZ % &4 AAE vlaste] BH, 1996 10¥
B} 19973 499 ol o #3& & Aofﬁ(Flgure 5),
ol& 19963 10¥ Kt} 19973 4@01] LPHA g& AF{FFIT
ol Bol f#udn a2 A% edde HHor o Hxit

al
)
T

H
=
=5

7E+4
October, 19968
6E+4
5E+4

4E+4

Flow (m®/day)

SR . U

T ‘ T ll T l ‘l l ‘F‘ l T
4 6 8

Distance from 10 3 site (km)

O ~@------=mmmmrmmmmmm—cmmmeemeo -

April, 1997

Flow (m3/day)

o T |

}.-__---—_-__-__- (e P P S —
L&

L IR LA IR | L
2 4 6 8 10

Distance from 1974-3 site (km)

Figure 5. Variations in the flow quantity of the stream waters

along Imgok creek. The vertical lines represent the
points of abandoned coal mine drainage inflow.
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Table 2. The rain precipitation and snow accumulaton in the
Kangreung area

. cumulative
pre- cumulative snow snow
Period cipitation  precipitation accumulation .
accumulation

(mm) (mm) (cm) (cm)

May, 1996 17.6

June, 1996 279.0

July, 1996 193.9 8825

August, 1996 2202

September, 1996 325

Qctober, 1996 139.3

November, 1996 82.0 55

December, 1996 225

January, 1997 449 2935 59.6 1102

February, 1997 489 375

March, 1997 45.6 7.6

April, 1997 496
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Table 8. The major dissolved-component concentrations (mg/1) in the water samples collected from the Imgok creck

Sample No. Mg Si Ca Mn Fe Al Na K Cl NQO,; SO, CO; T-alk
103 114.00 16.20 207.00 16.30 396.00 117.00 3.31 1.02 059 14.70 ,2846.44

105 104.00 1520 188.00 14.60 298.00 117.00 3.17 1.05 151 1.29 2810.16

106 6340 1010 125.00 866 113.00 65.60 3.17 0.89 1.50 3.86 1570.04

107 8.50 2.10 44.10 n.d. 0.17 0.02 3.00 0.85 3.94 6.30 58.43 138.04 115.00
108 43.10 7.89 109.00 6.32 103.00 47.90 3.09 0.87 1.82 1.55 1210.49

109 28.30 5.05 75.40 2.95 27.50 22.60 3.02 0.98 3.81 4.54 599.25

1010 8.39 4.76 43.00 0.84 0.37 0.18 3.05 0.68 0.55 n.d. 172.28

1014 26.50 4.59 74.70 2.38 13.10 18.00 3.01 0.99 3.81 447 533.33

1015 24.10 4.58 72.90 2.12 10.80 15.60 3.12 1.03 3.67 3.83 491.39

1015-1 22.40 454 67.70 190 7.59 13.20 3.16 1.00 3.63 3.81 446.44

1015-2 22.80 4.79 68.10 1.82 7.49 15.50 3.25 1.01 3.73 3.89 488.39

1015-3 22.00 4.69 66.10 1.76 6.60 14.10 3.18 1.12 3.58 4.06 452.43

1016 22.20 5.20 65.70 1.80 992 19.30 3.20 1.27 395 3.82 488.39

1016-1 31.70 11.10 56.30 274 150.00 59.40 5.60 1.31 3.23 nd. 1183.52

1016-2 22.20 5.40 64.70 1.76 8.29 19.10 343 1150 4.31 4.10 476.40

1016-3 22.90 5.81 61.50 1.84 19.10 22.70 3.72 2.06 5.09 3.15 539.33

1016-4 21.50 5.66 59.30 1.77 13.60 21.00 3.65 1.89 5.53 3.16 503.37

1017 21.50 5.55 63.70 1.74 12.30 20.70 3.72 3.14 5.19 2.49 494.38

1017-1 21.70 5.51 62.20 1.94 8.96 18.80 6.39 548 11.34 224 488.39

1018 2090 5.65 62.00 193 7.72 19.90 3.88 1.64 5.56 2.55 482 .40

1019 9.80 5.03 33.70 0.88 2.14 6.49 497 1.77 6.39 5.24 217.53

1020 3.67 4.52 13.70 0.30 1.95 1.52 4.75 2.81 6.35 5.23 85.99

1974-2 5.68 1.68 43.70 n.d. 0.03 n.d. 1.52 0.56 5.03 9.33 8.09 17346 144 .51
1974-3 131.20 14.70 19840 10.20 293.00 88.40 3.49 1.01 4.54 128 2355.06

1974-4 14864 1190 200.00 1020 328.00 105.00 293 0.83 4.83 197 2519.85

1974-5 23.80 4.26 76.70 2.11 4990 12.30 1.84 0.59 4.84 7.71 533.33

1974-6 16.40 2.70 66.50 0.83 8.55 n.d. 1.82 0.74 4.74 5.07 281.65 12.99
1974-7 20.70 3.80 76.20 2.59 7.60 1.02 2.17 0.88 477 7.39 295.13 15.59

1974-7-1 253 242 11.10 0.06 0.06 0.01 1.31 0.27 3.77 n.d. 24.78 21.80
1974-8 17.10 2.62 70.00 1.12 4.32 n.d. 193 0.73 496 5.50 230.71 26.16 17.08
1974-9 19.80 3.38 7640 2.02 6.12 0.05 2.06 0.80 5.02 6.69 276.55 20.51 2.70
1974-10 6.86 3.16 37.40 0.35 0.06 n.d. 1.79 0.60 4.00 0.26 109.06 3.24 24.00
1974-10-1 1.70 278 10.30 n.d. 0.01 0.02 1.32 0.17 490 1.56 6.83 28.31 63.60
1974-13 6.71 2.33 39.40 n.d. 0.03 n.d. 2.44 0.98 777 7.27 67 .42 76.35 79.80
1974-14 17.60 2.53 70.40 1.43 1.89 n.d. 2.10 0.74 5.01 5.90 23940 95.79 16.60
1974-15 17.00 2.48 69.00 1.30 1.63 n.d. 2.11 0.71 4.89 5.80 229.51 1993 20.40
1974-15-1 16.00 2.59 64.80 1.18 0.88 0.01 2.06 0.74 4.88 5.24 216.03 24 .49 28.70
1974-15-2 16.10 2.80 65.20 1.13 0.82 0.08 2.14 0.82 6.64 557 228.31 34.45 2.00
1974-15-3 15.80 2.75 63.60 1.12 0.80 n.d. 2.17 1.17 5.04 5.56 219.93 2.40 8.60
1974-16 16.20 3.07 64.40 1.15 3.01 1.25 2.14 1.23 3.94 4.14 235.81 10.33
1974-16-1 31.70 9.87 63.60 251 175.00 57.80 4.25 095 477 nd. 934.83

1974-16-2 16.00 3.20 62.00 1.14 3.21 1.47 2.39 1.85 6.16 5.66 237.00

1974-16-3 16.50 3.39 62.90 1.18 649 2.80 2.36 1.83 5.66 542 255.28

1974-16-4 16.50 3.54 58.80 1.20 8.50 4.24 243 1.79 6.47 522 257.68

1974-16-5 224 3.24 17.20 n.d. 0.02 0.01 2.03 0.32 5.65 n.d. 8.54 113.90
1974-17 16.40 3.67 54 .80 1.19 7.95 411 2.67 1.71 7.75 5.32 257.08 136.72
1974-17-1 17.00 3.60 54.30 1.52 7.01 3.38 3.04 1.74 6.02 5.28 255.58

1974-18 17.20 3.71 53.70 1.52 713 4.14 3.93 1.62 8.03 5.44 257.38

1974-19 940 3.38 32.50 0.67 2.33 1.37 3.26 1.65 7.01 6.11 13213

1974-20 3.65 3.04 15.00 0.31 1.49 0.26 2.32 1.37 7.42 5.44 53.33 1.40
WAE 4.1 - 15 - 0.67 04 63 23 78 - 112 57.4
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Table 4. The minor dissolved component concentrations {my/!) in the water samples collected from the Imgok creek

Sample No. Cr Co Ni Cu Zn Rb Sr Mo Cd Cs Ba Pb Th U

103 13.66 594.66 86994 248.88 89460 429 44978 068 506 234 1286 6.56 50.37 109.39
105 1720 65896 969.14 30500 94580 446 44486 048 463 241 1263 937 5328 10619
106 10.81 407.26 60040 18872 61408 326 27763 043 283 145 1243 343 3049 58.93
107 1.74 326 7.89 3.05 752 074 7227 056 nd. nd 1085 022 n.d. 0.52
108 851 31194 45349 14057 44924 255 23344 039 225 099 1291 224 2083 42.37
109 411 15486 239.02 7486 24576 165 15121 027 1.09 051 1245 119 690 19.55
1010 146 37.16 58.01 766 5031 120 13210 023 032 nd 1319 152 nd. 1.73
1014 293 11769 18844 58.06 19349 163 14921 026 084 039 1485 145 354 16.11
1015 232 10030 15947 4771 16818 152 14286 039 083 036 1460 090 247 13.80
1015-1 197 8383 13422 38.69 14035 145 13717 nd. 068 030 1532 067 1.02 11.84
1015-2 238 79.30 12747 4036 12891 168 13380 025 082 040 1549 069 192 12.29
I1015-3 184 7523 12054 3761 11937 161 12978 104 074 030 1576 067 0.80 11.61
1016 2.17 8784 15561 4353 16347 169 13303 043 079 032 1630 074 076 15.35
1016-1 389 17658 44359 8.68 37391 472 11637 023 034 112 783 040 5.65 43.44
1016-2 245 8987 160.64 4565 18483 214 13438 027 077 028 1725 297 107 14.83
1016-3 213 9650 18431 4264 18065 236 13303 nd 067 036 1675 070 1.83 17.06
1016-4 222 9114 17431 4027 17587 228 12912 nd. 067 034 1701 076 183 15.53
1017 235 8499 15889 3642 16334 215 12378 nd. 063 031 1634 071 201 14.78
1017-1 219 85.00 155.01 106.67 23096 321 12794 021 1702 033 1724 072 041 6.52
1018 212 8170 14930 3397 15695 225 11966 nd. 067 028 1798 682 171 14.26
1019 132 2897 6080 1536 6256 273 11062 058 044 nd. 2425 069 0.14 4.11
1020 1.13 12.38 27.75 1296 24.03 272 8676 035 020 nd. 2883 049 n.d. 1.32
1974-2 2.57 0.57 593 2.25 676 313 6350 043 029 021 754 040 0.19 0.29
1974-3 1540 411.00 652.00 200.00 446.00 5.86 436.00 051 291 210 1330 994 6530 72.10
1974-4 14.30 209.00 64400 180.00 442.00 5.14 368.00 044 255 188 1420 1140 7430 67.00
1974-5 2.69 106.00 174.00 41.60 121.00 241 148.00 0.35 071 034 11.30 1.32 098 10.20
1974-6 248 4020 7180 267 2550 223 11200 035 027 015 1190 014 0.14 0.10
1974-7 219 9920 119.00 2510 8060 169 15100 034 078 nd 1930 342 nd. 4.64
1974-7-1 213 4.30 11.70 2.06 758 090 3330 028 015 nd 679 027 nd. n.d.
1974-8 217 4800 71.20 280 2840 174 12300 034 039 nd 1530 nd. n.d. 0.16
1974-9 2.19 8320 105.00 13.10 62.60 167 14600 023 0.52 nd. 1850 0.21 n.d. 1.20
1974-10 246 1470 3540 211 1360 170 11400 023 021 nd 1090 nd. nd. 0.11
1974-10-1 261 0.67 5.01 345 925 095 4140 026 014 nd 292 025 nd. nd.
1974-13 299 0.79 5.65 1.60 353 204 8670 027 015 nd. 2470 025 nd. n.d.
1974-14 2.10 5880 75.30 248 3360 158 13400 023 043 nd 1740 nd. nd. 0.22
1974-15 239 5500 71.60 248 2740 161 12700 074 043 nd 1780 012 nd. 0.24
1974-15-1 204 5030 68.40 213 2230 156 13400 032 040 nd 1770 174 nd. 0.20
1974-15-2 224 4970 72.00 894 3640 160 12600 022 030 nd 1750 2.02 nd. 09
1974-15-3 225 4840 7150 445 3270 205 12700 030 047 nd. 1820 nd. n.d. 0.20
1974-16 224 5310 87.30 978 5140 487 12800 052 043 023 1820 027 057 256
1974-16-1 469 189.00 519.00 501 275.00 6.35 13500 030 033 138 875 050 457 39.50
1974-16-2 241 5570 9260 1010 5290 387 12500 038 051 012 1820 017 nd 242
1974-16-3 215 5630 9710 1000 5510 345 12500 029 045 014 1830 020 0.13 2.88
1974-16-4 241 57.30 10400 1130 6140 313 11800 029 034 015 1730 045 0.14 377
1974-16-5 2.70 0.78 4.06 1.51 174 0381 5390 046 013 nd 124 085 031 n.d.
1974-17 2.39 55.80 101.00 11.90 6130 3.05 11500 021 032 016 1790 0.79  0.12 3.89
1974-17-1 2.31 58.00 101.00 12.70 6290 311 116.00 029 049 0.13 19.70 0.45 nd. 421
1974-18 246 5880 103.00 1180 6140 288 11400 023 042 014 1900 0.16 nd. 4.24
1974-19 231 2260 4890 401 2700 301 111.00 019 033 nd 2260 031 nd. 1.39
1974-20 2.33 1040  27.50 695 1170 280 8640 024 017 nd 2360 018 n.d. 0.30
WAF 100 010 030 700 2000 1.00 7000 0.60 ~ 002 2000 3.00 0100 004
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Table 5. Weights (mg/!) and chemical compositions (ppm) of
the suspended solids in the collected water samples from
the Imgok creek

Sample No. weight Al Ca Fe Mg K
10S 8 33.6 271.84 19.63 634.85 5.96 44.78
10S 9 53.0 168.56 11.78 636.78 2.50 2957
10S 14 41.6 48.42 6.00 560.00 111 18.32
10S 15 31.2 34485 2237 68206 423 65.15
10S 15-1 40.8 23094 1475 60144 4.19 34.19
108 15-2 29.6 43.56 520 631.69 1.30 15.31
10S 15-3 26.8 159.30 14.61 618.75 2.11 65.86
108 16 30.8 14292 1097 394.68 1.69 47.34
108 16-2 224 22723 1894 1014.26 3.83 78.19
10S 16-3 20.2 68.29 8.38 608.19 1.81 29.81
108 16-4 84 140.55 1575 60397 247 61.64
108 17 94 125.87 1348 602.83 1.85 52.50
10§ 17-1 6.6 432.00 37.75 514.25 525 139.25
I1I0S 18 8.0 103.81 17.62 621.19 3.10 55.24
10S 19 1.8 953.33 97.78 410.00 8.89 418.89
10S 20 22 1045.38 9923 19154 10.00 323.85
1S74-3 2335 99.36 409 52463 146 19.64
1S74-4 370.4 84.64 431 542.66 197 14.71
1S74-5 18.8 133.51 13.35 436.17 596 23.24
1S74-6 8.0 243.75 6025 310.00 18.50 57.75
1S74-7 4.7 158.51 1447 346.81 2.55 67.02
1S74-8 6.5 96.00 5.08 33.08 1.23 31.08
1S74-9 3.0 360.00 18.67 145.00 3.33 74.00
1S74-14 3.6 361.11 24.72 251.67 3.89 91.39
1S74-15 4.2 352.38 2143 25476 3.33 88.81
1874-15-1 4.3 348.84 2488 244.19 4.19 86.05
1S74-15-2 7.1 190.14 845 164.79 2.11 22.25
1S74-15-3 5.3 288.68 1396 16151 2.45 59.25
1S74-16 59 342.37 1373 14119 220 67.12
1S74-16-1 09 867.78 78.89 14444 13.33 34444
1S74-16-2 5.7 249.12 7.37 161.58 1.40 35.96
1S74-16-3 7.3 272.60 849 156.16 1.64 42 .47
1S74-16-4 37 408.11 18.11 184.32 270 105.68
1S74-17 44 384.09 1614 17477 250 8591
1S74-17-1 49 228.57 755 140.61 1.63 30.61
1S74-18 3.6 305.56 16.67 145.28 2.78 64.72
1S74-19 22 42318 26.82 106.82 455 153.64
1S74-20 1.0 1190.00 84.00 109.00 10.00 471.00
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Table 6. Ficld measurement data in the seawater samples from
the study area
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Sample No. Date pH Eh (mV) (1S /em)
10 21 October, 1996  8.24 335.08 36600
1974-21 April, 1997 7.95 297.38 38500
IS1 8.32 294.37 36100
IS 2 8.35 266.72 37700
IS 3 8.36 262.58 37700
IS 4 9.29 260.10 42500
IS5 8.48 242.75 38600
ISe6 8.45 239.10 37400
IS7 8.44 247 .68 37400
IS 8 8.39 245.89 37500
1S9 8.38 245.05 38000
IS 10 841 254.19 37200

Table 7. The chemical compositions of the seawater samples collected from the study area
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dissolved major component (mg/!I)

Sample No. Mg Si Ca Fe Al Na K Cl SO, CO, T-alk
10 21 964 0.33 327.00 0.12 0.52 8200 350.00 8791 2104 128.56 107.10
1974-21 1392 0.39 389.00 0.03 0.04 3400 398.40 13382 2600 132.88 110.70
IS1 1478 0.14 403.00 0.07 n.d. 4230 433.60 16232 2736 152.08 126.70
IS 2 1464 0.12 402.00 0.04 nd. 3870 433.60 14158 2731 155.57 129.60
IS 3 1461 0.09 390.00 0.05 nd. 3750 446.40 14579 2688 144.52 120.40
IS4 1462 0.12 397.00 0.03 nd. 3740 467.20 16127 2741 173.81 144.80
IS5 1430 0.16 392.00 0.06 nd. 3700 428.80 14243 2695 145.84 121.50
IS6 1470 0.10 403.00 0.03 nd. 3670 432.00 16255 2693 122.68 102.20
1S7 1459 0.12 395.00 0.06 nd. 3620 430.40 14201 2701 141.16 117.60
IS 8 1494 0.17 421.00 0.04 nd. 3550 444.80 14440 2689 13396 114.80
IS 9 1445 0.16 392.00 0.03 n.d. 3520 420.80 14237 2694 1363.96 111.60
IS 10 1419 0.16 289.00 0.04 n.d. 3540 414.40 14460 2704 145.48 121.20
WAS 1272 0.29 400 0.01 <0.01 10561 380 18980 2649 137.70

dissolved minor component (pg/I)

Sample No. Cr Ni Cu Zn Rb Sr Cd Ba Pb Th U
10 21 n.d. n.d. n.d. 148.76  99.28 6913 nd. 93.72 nd. n.d. n.d.
1974-21 67.00 120.00 44.20 103.00 4840 7319 nd. nd. n.d. nd. n.d.
IS1 n.d. n.d. 15.40 n.d. 93.40 7449 n.d. nd. n.d. n.d. n.d.
IS 2 n.d. n.d. 17.40 49.00 4940 6929 nd. nd. 53.50 n.d. nd.
1S3 22.00 n.d. 73.20 1780.00 59.40 7349 nd. nd. 107.20 n.d. n.d.
IS 4 nd. n.d. 11.40 153.00 50.40 7699 n.d. n.d. n.d. n.d. nd.
1S5 26.00 nd. 17.50 nd. 57.40 8169 n.d. nd. n.d. nd. n.d.
IS6 52.00 80.00 93.20 273.00 70.40 9619 nd. nd. 43.10 nd. nd.
IS7 54.00 nd. 110.20 228.00 6440 8209 nd. n.d. 372.20 nd. nd.
IS8 41.00 53.00 89.20 443.00 4940 7519 nd. nd. 153.20 nd. nd.
IS 9 42.00 76.00 49.20 n.d. 60.40 8099 n.d. nd. n.d. nd. n.d.
IS 10 53.00 45.20 25.00 4840 7569 n.d. n.d. n.d. n.d. nd.
WAS 13000
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Table 8. The chemical compositions (ppm) of sea sediment bulk samples in the East sea

Sample No ISB 1 ISB 2 ISB 3 ISB 5 ISB 6 ISB 8 ISB 9 ISB 10
Fe 14150 15130 21200 19260 22190 7802 18910 26500
Mn 208.2 2137 371.0 284.3 295.0 106.3 3414 3509
Mg 4436 5312 7234 6592 7276 2126 5616 9076
Al 81530 93360 82010 79430 90350 58910 79600 102100
Ca 11910 13160 15390 14300 15430 9354 13700 17590
K 38970 42650 37770 40510 42380 33830 37370 40200
Cr 11.130 12.814 12.299 11.925 14.400 5.726 15.080 19.321
Co 0912 0973 1.159 1.275 1454 0.314 1.141 1.988
Ni 2.265 2.314 2.672 2928 3.025 0.966 2.624 4.365
Cu 1.549 2.321 1.865 2.282 2.456 0.778 1.951 3.354
Zn 11.752 12.927 14.073 16.314 18.132 4.536 13.557 23.296
Rb 33.527 38.850 35.022 39.257 42.732 20.007 38.694 50.513
Sr 71.244 80.146 72.142 80.961 85.500 43911 79.857 97.814
Cd 0.084 0.071 0.071 0.078 0.068 0.043 0.085 0.110
Cs 0.540 0.637 0.637 0.674 0.786 0.264 0.573 1.074
Ba 228.197 249.946 218917 233.906 249.600 157.696 241.302 263.961
Pb 6.358 6.823 6.270 6.794 7476 3.897 6.888 8.615
Th 1.420 1.524 2.441 1.961 1.788 0.744 2.463 2.779
U 0.281 0.265 0.438 0.383 0.369 0.144 0.426 0.493

Table 9. The chemical compositions (mg/!) of the leached fractions of the sea sediment in the East sea

Sample No ISB 1 ISB 2 ISB 3 ISB 5 ISB 6 ISB 8 ISB 9 ISB 10
Fe 167.29 211.26 272.84 239.15 362.59 94.00 247 44 454.61
Mn 3.64 3.84 441 473 6.53 1.37 298 6.28
Mg 78.20 95.49 11042 122.30 147.63 44.87 101.86 188.32
Al 85.13 109.83 132.21 133.19 184.54 40.37 114.78 234.39
Ca 185.61 193.94 172.32 371.85 323.19 92.52 178.38 450.56
K 39.00 48.53 56.94 63.87 71.82 20.88 49.24 88.09
Cr 0.1972 0.2347 0.2997 0.2715 0.3503 0.1098 0.2455 0.4390
Co 0.0892 0.0792 0.0866 0.0909 0.1186 0.0354 0.0785 0.1446
Ni 0.1185 0.1119 0.1217 0.1321 0.1530 0.0586 0.1163 0.2057
Cu 0.0687 0.0681 0.0774 0.1556 0.1087 0.0323 0.1975 0.1240
Zn 1.2537 1.1592 1.2038 1.3374 1.5287 14.7038 1.0310 1.7547
Rb 0.1990 0.2765 0.3253 0.3175 04351 0.1073 0.2939 0.5351
Sr 1.0350 1.1226 0.9552 1.7137 0.4351 0.6075 1.0116 2.0954
Cd 0.0014 0.0011 0.0023 0.0010 0.0025 0.0010 0.0011 0.0036
Cs 0.0068 0.0101 0.0125 0.0121 0.0151 0.0043 0.0110 0.0197
Ba 0.2817 0.3688 0.3825 0.3989 0.5122 0.1621 0.3549 0.5685
Pb 0.2940 0.3348 0.3849 0.3685 0.4378 0.1729 0.3547 0.4655
Th 0.0445 0.0501 0.0892 0.0730 0.0744 0.0377 0.1341 0.0994
U 0.0129 0.0146 0.0219 0.0202 0.0198 0.0079 0.0199 0.0221
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Figure 8. The pollutant (Fe, Al, Mg, Pb) and non-pollutant (K,

Ba) distributions of the bottom sediment leaching sam-
ples in the East Sea.
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