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In order to determine the horizontal and vertical distributions of metals and prospect the recent metal pollution
history in Nakdong Estuary, we took surface and core sediments. Maximum value of organic matter occurs at
the upstream site located 4 km from Nakdong barrage, and the concentration of trace metals (Zn, Cu, and Pb
etc.) decrease seaward in the estuary. The sedimentation rates, based on 2°Pb., and *’Cs activities, were 0.34
cm/yr in inside of barrage (core 1) and 0.25 cm/yr in Changrim (core 4). Sediment mixing layer does not exist
in core 1, where anoxic condition is known to be prevail. The topmost sediment layer of core 4 (<3.5 cm) is
severely mixed. At sites 1 and 4, concentrations of Cu slowly increased during the period of 1920~1970, rapidly
increased during 1970-1990, and followed by slight decrease after 1990. Zn contents increased in early 1960s
and peaked in 1993, and followed by decrease after 1990s. Pb has increased continuously since early 1970s.
At the downstream of the barrage, Cu and Zn have increased in the topmost layer. The trend of increase of Cu
is evident after 1950 (11 cm in sediment depth). Overall trend of heavy metal concentration clearly indicates
the pollution has been increasing after the construction of the barrage.
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Hlo) =3 ItH(Yang and Kim, 1994; Millward ef al., 1999; Zhang,
1999). A 4 A7k AALATE 2T AP nAL
SEA 3 A, AQH Fke TiEo] wE IYsiE B Y
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1988; Zwolsman et al., 1996).
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37 HAEE £35 949 274 2xE A A
71 L BFARS 71Z5F A AR o]-4-5 o] i, Goldberg 5(1963)
o ¢]8] ALTF BN 2pbE o438 AuiSA Y] FHHE
e} HAE 22L £34 FEEXe) ANSHAARE 0|83
o 9EEAY 7|12 2 ¥y JYAY S FH3= ATAIE
ATHGoldberg et al., 1977, 1979; Hoshika and Shiozawa, 1984a,b;
Thomson et al., 1984; Battiston et al., 1989; Bricker, 1993; Valette-
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Fig. 1. Location of sampling station in Nakdong Estuary.
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Table 1. Mean grain size, organic matter (loss on ignition) and metal contents of surface sediments in Nakdong Estuary.

st Mz LOI Al Fe Mn Zn Cu Co Cr Ni Pb

()] (%) (%) (%) (ug/g) (ne/e) (ne/e) (ueg/g) (ng/g) (ug/g) (ug/g)
1 52 6.1 7.80 2.14 372.6 57.6 23.0 23.0 18.2 20.8 324
2 3.0 1.8 7.70 2.08 414.0 54.8 12.1 21.7 17.6 222 29.0
3 6.8 9.6 7.30 1.89 3726 49.2 11.8 225 16.5 19.5 30.7
6 3.0 25 4.86 1.45 263.3 5.2 43 5.6 10.4 23 12.8
7 8.6 13.7 9.35 2.79 607.2 49.4 14.1 25.6 30.9 26.7 33.5
8 49 4.4 9.35 2.85 593.4 56.0 13.0 25.7 31.7 29.3 32.0
9 5.1 6.7 4.48 1.36 7.7 8.0 4.6 49 11.1 7.0 38.6
10 23 1.1 4.40 1.33 18.7 12.3 43 5.1 9.6 6.8 41.6
11 24 22 425 1.13 215.0 45 3.7 40 93 21 10.8
12 39 6.0 8.40 235 441.6 54.0 13.2 26.1 21.4 22.9 31.8
13 2.8 2.9 4.14 1.29 226.6 19.0 4.1 5.4 8.5 2.1 14.5
16 3.0 1.2 530 1.69 311.9 5.4 43 5.7 13.9 29 13.9
max. 8.6 13.7 9.35 2.85 607.2 57.6 23.0 26.1 31.7 29.3 41.6
min. 23 1.1 4.14 1.13 7.7 45 3.7 4.0 8.5 2.1 10.8
average 42 4.9 6.44 1.86 320.4 31.3 9.4 14.6 16.6 13.7 26.8
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+34 ¥ g Jehlly) 3t ¢Fuw, 3, 2F, 49, T
SrEA 29 291F HFYEMz)E EFSHnormalizing) =T
2 A8 tH(Daskalakis and O'Connor, 1995; Lee et al., 1998;
Fig. 2). £718& MR ek&oA 7 &7 Ueten, s
23] g2 252 HAx}p 72482 Ut Zn, Cu, Pbe W57
2 442 2 o] 2H| JI, AYEH FRAANE &
H AEE Z5E B g Ho|y Ytk oA /&Y AT
@&, 1997)¢} kel A3z, 348 12 NG9 HFYEMz)= L
SR (fine sand, 3.9 ¢ )7+ HHE Ko, F7)Ee] S H]
3 ol o) BA HHE AME HAZITt(Table 1).
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Y57} 55 74 olF AM HAEe] gFe] AN F
7¥et glom, $4]o] By flie] B 0| YA s AAG
2 Z314thE}, 2000; Lee and Kim, 1990). Bl A EEE 335}
A A BE FTEY AZH vEEe] FEAFAA 2 4y
At 7 FRoA Zolo] W& 2P, (Y WA B
F3 19014 1.24~7.30 dpmv/g, 83 49141 0.77~9.76 dpm/g]

grain size (Mz) in surface sediments.
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1€ YeRHIL UTH(Table 2).
Fig. 2% 83 1904 foiX Wile e AdHe 29,

(*%Pbex), = 7.5208 exp(—0.0905z) ¢))]

21 Dol 71S71MSyE 0.090501t o714 As 2Pbhe] B
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Table 2. Radiochemical results for sedimentation rate in sediment cores.

Depth (cm) 26Ra (dpm/g) 210pp, ., (dpm/g) 210pp,, (dpm/g) 37Cs (dpm/g)
St. 1
0-1 246+ 0.10 9.85+ 0.41 7.39+0.42 0.575+ 0.045
1-2 233+0.11 8.85+ 0.44 6.53+0.45 0.125+ 0.022
2-3
3-4
4-5 1.540.12 5.90+ 0.46 436+ 047 0.080 = 0.020
5-6
6-7 0.85+ 0.09 5.15+0.36 430+ 0.38 0.045 + 0.014
7-8 1.04x0.10 4.94 % 0.41 3.90+0.42 0.045 + 0.014
8-9
9-11 1.29+0.11 4.44 £ 0.40 3.15£042 0.124+ 0.023
11-13
13-15 0.92+0.11 3.35+ 041 243£042 0.106 = 0.023
15-17 1.00+0.10 2.67+0.35 1.67+0.36 0.061+0.015
17-21 0.61+0.10 1.85+0.37 1.24+0.38 0.037+0.013
St. 4
0-1 247+ 0.11 12.23+ 047 976+ 0.48 0.321+ 0.035
1-2 278+ 0.13 12.14+0.55 9.36+ 0.56 0.249 + 0.035
2-3
34 244+ 0.10 979+ 0.41 8.36+0.42 0.081 % 0.015
4-5
5-6 2.52+0.10 8.05 = 0.40 5.95+0.41 0.741 0.016
67
7-8
810 1.94+0.11 5.12+ 040 3.18+0.41 0.056+ 0.015
10-12 1.54+0.11 4.51+0.42 2.96+ 0.44 0.038 = 0.014
12-14 0.56+0.11 2.43+0.39 1.87+0.41 0.021 = 0.011
14-16 0.23 + 0.09 1.88+ 0.33 1.65+0.34 0.430 % 0.039
16-18 0.44+0.09 1.82+0.32 1.38+0.33 0.210+ 0.028
18-21 0.09+0.10 0.97+0.36 0.88+0.37 0.110 = 0.023
21-24 0.04+ 0.07 0.81+0.29 0.77+0.30 0.074 + 0.015

Errors quoted are 1 errors based on counting statistics.
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et e o ® 349 vt AYe] HAYSEE HA,

Fol| oJ5] AATo] FEH o] =S WARS-S UERNH, Hl2
AR A}ar1986K)] ke = e ¥l 718 JRA ST
(Zwolsmam e al., 1993). IBEZ FFA o)A FCse] WiALE0] 5
7k X33 29h o 28 F4E HAEEE 4T vl HH
£10] ABAS 7T = T s A 1914 0.037~0.575 dpm/
22| WHE Ho|Z Yri(Table 2). P'Cs WA e FAHAREE B,
11~14 cm ZoloA 73] S71d rleg R §= rh(Fg. 3).
o|RL Wpp 2 HE YT B F 20 A} vlws)] & o gl7]Sol
A AHS AAEE AJ71(1960~ 19703tH)s} Ax)eh= o= 1}e}
whov}, WCse] A 1970-1980 T ¥ WAVsS R, A
&2 03 Wabgo| F71she Bolg 848 Holi thFHg. 3). 3
A 4= 0.021~0.741 dp/g®] WAbs £ VERN S JItK(Table 2).
YCs abse] SAREE B9, oF 5, I6cmollA] B8 VS B
olz glen}, 2oph, BHE FHEH HAZ] dugks di o7t
e 917] dlEe] T BEC0Ph,, YCsyE AW WAFSETRE H
A& g0 AMSSIRtHFg. 3).

2AFEke] 0.49£0.03 covyr(Lee et al., 1988), &k} 0.31~0.48
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oA 0.20~0.33 cm/yr(Z, 200008 Thije) BAHE Jt 724
ook B2 Ao et
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295%(BT 2.63%)E UEISHTH F daw BF F2M ti
@ e B A g FFeE & Fro Hile gt Mn
& 2~3 cm ZolollA Hhzh485.0 pg/eys WERY, Al
7} Z2=%}, Cr, Cu, Zn, Pb, ZE L Ni2 ZFz} 13.5~33.0 ug/
g, 19.5~29.6 ug/g, 58.3~102.5 ng/g, 154~26.7 uglg, 21.6~
29.1 ug/g®l FEE eI Utk WFUAEF Cu, Zn, 28T
Pb= B30 2 et AR T/t FUHete BEFE o)X 3
ok, AA 494 AlL 7.39~9.07%(E T 8.34%), Fe= 1.98~
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Fig. 3. Excess 2'%Pb and ™'Cs profiles in sediment cores in Nakdong
Estuary. S stands for sedimentation rates estimated from 2°Pb,,; L is the
mixing layer. The horizontal bars represents 1 counting error.
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Table 3. Major and trace metals in sediment cores from Nakdong Estuary.

Depth (cm) Al (%) Fe (%) Mn (ug/g)  Cr(ug/e)  Cu (ug/g) Zn (ug/g)  Pb (ug/g)  Ni(ug/p)
St. 1
0-1 8.62 2.37 430.5 27.9 29.6 98.7 26.73 23.1
1-2 8.12 1.98 470.1 205 279 102.5 22.74 24.8
2-3 8.24 2.68 485.0 19.7 28.9 81.0 24.69 21.9
34 8.67 2.59 449.8 20.5 25.1 83.5 24.06 24.7
4-5 8.72 2.84 431.1 229 23.5 75.0 23.76 25.1
5-6 8.69 2.49 4379 26.6 24.8 76.4 21.48 22.1
6-7 8.51 2.81 425.0 23.5 23.9 78.3 21.06 216
7-8 8.45 2.64 436.5 21.9 21.8 72.6 22.62 23.0
8-9 9.02 2.50 418.2 245 22.1 70.4 21.81 24.7
9-11 8.75 2.92 430.6 23.1 215 72.4 15.54 24.5
11-13 8.15 2.75 411.5 33.0 21.7 58.3 19.44 21.8
13-15 7.33 2.66 4207 235 20.4 66.5 20.73 26.6
15-17 8.59 2.63 443.0 135 21.9 69.7 18.87 28.0
17-21 8.74 2.84 415.0 20.6 21.1 62.5 17.19 23.7
21-24 8.28 2.95 400.3 152 19.5 61.2 15.87 29.1
24-27 8.43 2.56 408.4 27.1 20.7 67.2 16.74 27.5
27-30 9.17 2.50 410.6 21.1 19.6 74.9 15.90 263
30-33 8.48 2.71 3914 292 199 78.4 15.36 28.4
St. 4
0-1 8.29 2.38 458.1 35.0 33.1 106.6 18.54 20.8
1-2 8.74 2.06 4422 31.9 32.5 1003 19.62 215
2-3 8.16 2.15 426.7 232 23.7 96.6 18.63 20.3
34 9.07 221 428.6 29.1 294 100.7 18.06 22.7
4-5 8.51 2.18 4492 25.5 27.1 96.5 17.43 27.6
5-6 8.1 2.19 4152 30.4 27.0 92.2 17.19 23.1
6-7 8.27 2.02 421.3 28.7 25.9 97.4 17.55 21.8
7-8 8.46 1.98 4304 24.9 22.1 94.5 1638 23.1
8-10 8.37 2.48 425.1 29.4 223 90.0 17.16 215
10-12 8.78 2.61 4124 247 20.1 84.0 15.81 17.5
12-14 8.27 2.18 421.0 23.3 19.5 86.4 17.37 19.7
14-16 7.85 2.71 400.3 29.2 21.7 80.5 16.86 26.2
16-18 8.02 2.34 4152 28.7 21.9 87.6 15.69 24.1
18-21 8.46 2.15 408.2 255 2377 91.8 1671 227
21-24 7.39 248 400.3 23.0 21.7 85.7 15.06 24.7
24-29 8.16 2.50 4213 21.7 20.9 87.5 11.34 285
29-34 8.47 2.18 409.6 249 19.8 1105 12.57 21.6
34-39 8.74 2.39 414.9 232 20.7 89.4 13.95 24.0
d = 0.25 co/yr2 WERETE B3 FR 104 4R HaAZ AEA|
e =94 8204 o3 HAE EFE(sediment mixing layer)
TES Y4080 FHA EXE FES 9AES HAE T o] A ¥ Aoz Veikon] A 4= #8347 9k 35cm
U=2 EFSH(nomalizing)d A3, 7182 2HEY FA 71 74 HAE0] E3Fo] gl Aoz eyt
 =A Uesen, 28 53 JslE 24E I giasin FAEHE AR FE% FEEE 97199 FAHE 949
Jtt. Zn, Cu, Pbe 98749 FE 455 22 3] $559  AlZ ¥&SH(normalizing) 3 A5}, A7 19141% Mn, Cu, Zn, Pb
AL, T FRAXE 238 AFE ZFE G FFL B 5o] HY39 ARE A4E M} By} Zr1eke AEe Ho)
ol vt shre] HATA S UAA 7K Tkl £ I Utk #7189 9L 7P ®e] ¥k= Cus 1920318
E5o] g, A7 We LA FUEE dbe) I g F HHZe) $2H7) A 19709 o) Fole FASA 27}
FAH R FFE&9 FEHEAJo] dofuk Ut} Fow, 1990d ) o] F M2} 7HAdle AgE 2ol Yok ZnS
A3 ZolER YPh(HY WAls E S5t HAS% 196030 FHEE FUIsl] AEsle] 19903t REE 238 2

=5 F3% 23, 33 19 HEE5EE 034 cmfyre|™, AH 4=

4313 Stk Po= 197041 AEH 0= Srishe g B
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Fig. 4. Distribution of enrichment fact-
ors and normalized values of heavy
metal to Al concentration in sediment
core St. 1. Solid circles indicate normaliz-
ed values and open squares represent
Enrichment Factor (EF). The time scale
is based on sedimentation rate.

Fig. 5. Distribution of enrichment fac-
tors and normalized values of heavy
metal to Al concentration in sediment
core St. 4. Solid circles indicate normal-
ized values and open squares represent
Enrichment Factor (EF). The time scale
is based on sedimentation rate.
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Table 4. Correlation coefficients of inter-elements in sediment cores
(n=18 ea.)

Al Fe Mn Cr Cu Zn Pb Ni

St. 1

Al 1.00

Fe 003 1.00

Mn -0.13 —042 1.00

Cr  -0.06 —0.09 -035 1.00

Cu -004 -053 078 003 1.00

Zn 007 -072 057 002 079 1.00

Pb -012 -042 067 005 083 059 1.00

Ni 007 009 -046 -035 —0.57 —022 -0.57 1.00
St. 4

Al 1.00

Fe -031 1.00

Mn 040 -038 1.00

Cr 012 -0.06 046 1.00

Cu 028 -035 073 077 1.00

Zn 040 -0.59 057 037 057 1.00

Pb  0.17 -036 050 061 068 019 1.00

Ni -033 019 -007 -0.19 -0.05 -0.22 —-041 1.00
3 Yk B ME EHY 298 $F4E2U Cu, Zn I F
AR Bl zoN F23] Z7)shs A oE Vel 3] Cue 1950
W 29k 11em) ©1F5E AA3A F7kEw @4E Btk
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