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Pollution of Heavy Metals and Sedimentation Rate
in the Sediments of Suyeong Bay, Pusan

Han-Soeb YANG and Seong-Soo KIM
Department of Oceanography, National Fisheries University of Pusan,
Pusan 608-737, Korea

The sedimentary records of anthropogenic metal loads in the Suyeong Bay, Pusan were
determined by combining the Pb-210 dating technique with the measurements of heavy
metals in the sediment cores.

The sedimentation rates of sediment particles ranged from 0.12 to 0.20 g/em*yr or 24~
4.0 mm/yr in accumulation rates. The lowest sedimentation rate was observed at station
S3 which was characterized by a bottom with relatively low organic matter contents(e.g.
TIL and TOC).

Heavy metals showed generally higher concentrations at station S1 and S2 near the
mouth of the Suyeong River than at station S3 and the outmost station S4. The contents
of copper, lead and zinc in the sediment cores especially from station S1 and S2 began
to increase around 1930, and were at their highest levels in the 1960~1970 period as a
result of increasing industrial activities. Concentrations of these heavy metals have slightly
decreased since 1970, probably due to regulation of pollution discharge.

The natural background levels of copper, lead and zinc in the sediments of this bay
ranged 18 4 ppm, 28 = 6 ppm and 74 = 9 ppm, respectively, by averaging the contents
in the sediment depths corresponding to periods between about 1900 and 1920 at the four
stations. The total amounts of anthropogenic loads deposited in the sediments since about
1930 were estimated to be 9~291 yg/cm® for lead, 165~1122 yg/cm® for zinc and 20~208
ug/cm® for copper. These values were remarkably high at stations S1 and S2 relative to
the other two stations. At stations S1 and S2, the anthropogenic loads of lead, copper and
zinc constituted 29~30%, 32~42% and 28~35% of the total sedimentary inventories at
the present day, respectively. These metal contents have a good correlation(r>0.7) with
each other and cadmium measurements also show a positive linear relation with nickel or
total organic nitrogen.
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Fig. 1. Location of sediment core sampling sites in the

Suyeong Bay, Pusan.
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Table 1. Concentrations of total ignition loss, total organic carbon, total organic nitrogen, C/N ratio and 2'°Pb in
four sediment cores from Suyeong Bay, Pusan(Unit: dry weight)

Depth Water TIL TOC TON C/N 20Pph
(em) Content(%) (%) (%) (%) (dpm/g)
Stn. S1
0~ 2 69 781 1.53 0.18 8.5 11.66 = 0.69
4~ 6 64 6.18 1.49 0.11 135 11.58 £ 0.72
8~10 58 9.11 2.12 0.17 125 14.13 £ 1.03
12~14 57 9.46 3.38 0.23 14.7 6.54 = 0.61
16~18 59 8.80 093 0.09 103 517 £0.35
20~22 58 7.13 1.06 0.13 8.2 1.82 £ 0.19
24~26 56 5.73 0.72 0.06 12.0 1.98 £ 0.17
28~30 57 6.99 0.67 0.07 9.6 2.78 £ 0.18
32~34 55 6.16 0.78 0.09 8.7 223 £ 024
36~38 54 6.69 0.65 0.08 8.1 1.82 £ 0.18
Stn. S2
0~ 2 71 7.94 1.63 0.53 3.1 14.89 £ 1.31
4~ 6 64 6.11 1.74 0.51 34 15.70 £ 1.37
8~10 58 8.11 1.77 0.29 6.1 849 + 0.80
12~14 56 6.58 1.33 0.37 3.6 7.61 £ 0.62
16~18 57 7.84 1.65 0.38 4.3 464 * 0.36
20~22 55 5.66 1.08 0.21 51 451 = 0.36
24~26 54 5.57 1.09 0.18 6.1 3.14 £ 0.36
28~30 55 3.94 1.00 0.36 2.8 2.78 £ 0.25
32~34 53 6.99 0.87 0.13 6.7 1.82 £ 0.13
Stn. 83
0~ 2 67 5.12 0.68 0.09 7.6 795t 045
4~ 6 63 6.28 0.93 0.13 72 7.41 = 0.63
8~10 58 5.21 0.99 0.21 4.7 6.32 + 0.60
12~14 57 7.06 0.93 0.37 25 484 + 034
16~18 55 6.21 0.58 0.28 21 2.32 £ 0.22
20~22 56 6.35 0.82 0.51 16 2.10 £ 0.22
24~26 53 4.70 0.72 0.22 33 1.48 + 0.12
Stn. $4
0~ 2 65 8.73 1.92 0.45 4.3 16.59 + 1.36
4~ 6 64 9.42 2.36 0.32 74 16.71 £ 140
8~10 56 997 1.63 0.16 10.2 20.23 + 1.73
12~14 57 8.50 1.27 0.13 9.8 12.51 £ 0.73
16~18 53 8.12 1.04 0.09 11.6 13.00 * 0.99
20~22 54 6.66 0.74 0.04 18.5 9.05 + 0.70
24~26 56 5.96 0.96 0.11 8.7 6.15 £ 0.36
28~30 52 7.88 1.26 0.05 25.2 841 + 0.59
32~34 55 5.56 1.22 0.10 12.2 8.30 + 0.56
36~38 52 9.01 115 0.18 6.4 2.79 + 0.28
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Table 2. Concentrations of heavy metals in four sediment cores from Suyeong Bay, Pusan(Unit: dry weight)

Depth Fe Mn Pb Zn Co Ni Cu Cd
(cm) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Stn. S1
0~ 2 2.94 415 48.3 160 304 37.1 46.1 2.24
4~ 6 3.13 418 56.1 147 273 359 379 2.10
8~10 2.81 358 64.2 232 12.0 37.6 42.3 1.88
12~14 3.32 373 85.2 250 239 524 49.5 2.56
16~18 255 372 37.0 137 26.8 34.3 365 1.73
20~22 2.58 401 46.3 127 17.2 37.0 3L7 1.70
24~26 1.99 408 48.9 108 12.7 30.9 22.9 1.65
28~30 2.10 371 32.8 69 24.7 349 155 135
32~34 2.08 375 69.7 73 19.3 33.0 15.9 2.04
36~38 211 399 33.2 75 31.0 344 12.3 1.52
40~42 2.04 390 19.0 64 40.1 32.7 9.5 1.70
Stn. S2
0~ 2 2.68 474 447 116 25.1 32.5 26.0 1.04
4~ 6 271 410 55.4 129 28.7 26.9 30.0 0.86
8~10 2.58 377 825 237 20.5 31.9 49.5 1.20
12~14 2.27 389 475 126 224 29.6 313 0.67
16~18 2.31 376 62.1 159 238 22.8 414 1.04
20~22 2.28 360 464 104 30.5 27.1 232 0.85
24~26 249 364 444 104 411 26.3 230 0.86
28~30 1.86 372 42.3 83 335 26.2 16.8 0.49
32~34 2.27 392 30.8 78 318 244 16.4 0.67
Stn. S3
0~ 2 1.88 360 34.0 114 28.7 233 26.0 0.67
4~ 6 1.93 329 31.7 118 26.0 21.3 270 0.63
8~10 1.95 323 38.7 142 34.6 22.0 26.9 0.63
12~14 2.19 333 28.6 102 329 26.0 235 0.32
16~18 1.86 327 28.5 69 25.2 24.6 15.0 0.49
20~22 2.02 340 28.3 62 29.2 22.2 12.5 0.32
24~26 1.98 361 23.9 54 44.3 26.3 12.7 0.49
Stn. S4
0~ 2 2.69 407 38.2 109 22.8 38.3 278 1.61
4~ 6 2.64 375 40.8 119 30.9 329 27.6 141
8~10 2.63 417 35.1 93 38.1 38.6 215 1.24
12~14 2.67 384 310 96 30.8 310 22.2 1.06
16~18 240 365 24.6 87 23.1 29.6 18.6 1.20
20~22 2.02 349 18.3 83 19.6 28.2 18.7 0.81
24~26 2.02 310 23.1 79 18.0 30.1 219 1.19
28~30 2.88 413 487 107 324 37.2 225 0.84
32~34 3.08 373 26.3 88 29.5 34.8 289 1.30
36~38 2.66 359 144 82 38.6 31.2 17.2 0.69
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Table 3. Ranges and mean values of each component content in 4 sediment cores from the Suyeong Bay

S1 S2 S3 S4
TIL(%) 5.73~9.46 3.94~8.11 4.70~7.06 5.56~9.97
(741 + 1.33) (653 +1.37) (5.85 + 0.85) (7.98 + 1.48)
TOC(%) 0.65~3.38 0.87~1.77 0.58~0.99 0.74~2.36
(1.33 + 0.86) (1.35 + 0.35) (0.81 £ 0.15) (1.36 + 048)
TONC%) 0.06~0.23 0.13~0.53 0.09~051 0.04~045
(0.12 = 0.06) (0.33+0.14) (0.26 £ 0.14) (0.16 + 0.13)
N 8.13~14.70 2.78~6.70 1.61~7.56 427~252
(10.61 £ 2.41) (458 £ 147) (413 £ 242) (114 £ 6.19)
Fe(%) 1.99~3.32 1.86~2.71 1.86~2.19 2.02~3.08
(2.56 + 0.48) (2.38 + 0.26) (1.97 £ 01D (257 +0.02)
MaConm) 358~418 360~474 323~361 310~417
bp (389 + 21) (390 + 35) (339 + 16) (375 + 34)
Pb(opm) 19~85.2 30.8~82.5 93.9~38.7 14.4~48.7
PP (522 + 16.9) (50.7 + 14.7) (305 + 4.8) (30.1 £ 16.8)
70 (opm) 64~250 78~237 54~142 79~119
PP (137.8 + 63.2) (1262 + 48.3) (94 + 33.2) (94 + 19.1)
Coloom) 12~40.1 205~41.1 95.2~44.3 18.0~38.6
bp (225 + 6.89) (286 + 6.46) (316 + 6.56) (284 + 11.2)
NiCoom) 30.9~52.4 22.8~325 21.3~26.3 28.2~38.6
pp (36.8 + 5.87) (275 + 324) (23.8 + 2.00) (332 + 5.02)
Culoom) 9.5~495 164~495 12.5~27.0 17.2~289
pp (311 + 136) (286 + 11.0) (205 + 6.80) (22.7 + 7.50)
Cdloom) 1.35~2.56 0.49~1.20 0.32~0.67 0.69~1.61
bp (1.88 + 0.36) (0.85 + 0.22) (051 + 0.15) (1.14 + 0.65)
* Numerals in parentheses indicate mean value * standard deviation.
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Fig. 3. Vertical distributions of organic matter indicators and heavy metals in the sediment core S1.
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Table 4. Sedimentation rates and anthropogenic loads for lead, zinc and copper in four sediment cores from the

Suyeong Bay

Stn.  Accumulation  Sedimentation  Anthropogenic load(yg/cm®) AL/TSL*(%)

No.  rate(mmsyr) rate(g/cm*/yr) Pb 7n Cu Pb Zn Cu
S1 4.0 0.20 291 1,122 208 29 42 35
52 3.9 0.20 285 772 139 30 32 28
S3 24 0.12 9 273 29 2 22 11
S4 35 0.18 22 165 20 4 10 5

* The percentage of anthropogenic loads(AL) to total sedimentary loads(TSL)
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Table 6. Correlation coefficients(r) of each component in four sediment cores from the Suyeong Bay(n=34)

TIL TOC TON C/N  Fe Mn Pb Zn Co Ni Cu Cd
TIL 1.00
TOC 063 100
TON 005 034 100
C/N 028 015 068 1.00
Fe 042 059 009 028 100
Mn 011 027 003 001 051 100
Pb 006 045 001 004 043 030 100
Zn 026 057 005 011 056 012 079 100
Co 003 005 033 041 005 001 041 039 100
Ni 057 062 018 045 072 046 041 043 022 1.00
Cu 029 052 001 013 063 018 072 093 039 041 100
Cd 044 046 084 047 056 040 050 047 038 081 049 1.00
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