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Abstract — A large amount 2.1x10° m® of the polluted sediment was dredged from the Masan Bay and depos-
ited in Gapo confined area, Masan. The dissolved metal concentrations of seawater in the dumping site (Gapo
area) were observed during one tidal cycle and compared with those of seawater obtained from Jinhae Bay. The
sediment was evaluated as from Non polluted to Moderately polluted by USEPA standards. It was judged that
toxicological effects of sediment analyzed ranged from ERL to ERM with copper and zinc, and ERL with cad-
mium, chrome, lead, and nickel by the Adverse Biological Effects. The pollutant concentration was low in sur-
face sediment compared to deeper sediment since the sediments with relatively low concentrations of pollutant
were dumped to the surface. The pollutant concentration was low in surface sediment compared to deeper sed-
iment since the sediments with relatively low concentrations of pollutant were dumped to the surface. The
benthic organisms in Gapo area had higher concentrations of trace metals (Oyster: Zn 238.96, Cu 5.29 pg/g wet
wt., Clam: Zn 17.71, Cu 1.00 pg/g wet wt., Mussel: Zn 187.98, Pb 0.28, Cr 0.15, Mn 4.23, Sr 1.45 and Fe
100.33 pg/g wet wt.) compared to outside of dumping site. However, the trace metal level in the bivalves was
less than the NFPQIS (National Fisheries Products Quality Inspection Service) standard.
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A opibgl g3 E9] 99¥TE COD 15,128 mg/kg dry wt.,
PO} -P % T-N2 0.7329 9.832 mg/kg wet wt. T2 3¢
718 ko 2 7rdzlgo] A1 39.449% oItk I EE&5S
Zn 2,610, Cd 12.2, Pb 109, Cu 336 72|31 Cr 278 mg/kg dry
wt. O] ATHEMIA[1989]).
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Table 1. Pollutants load in inner Masan Bay.

(kg/day)
COD T-P T-N T-SS ABS
29,878 739 10,704 21,724 4,491
Zn Cd Pb Cu Ni Cr
59.1 1.73 3.07 11.52 8.68 3.66

C-500A, Japan)® S4HIoH, AL npibx 1.8%10°
3/day k=2 ik /-g%xw 3.5X10° m’/day°e | it ZAFER Y 3
T 29 549 R332 Table 13} Z°] COD 29,878, T-P 739,
N 10,704, T-SS 21,724, ABS 4,491, Zn 59.1, Cu 11.52, Ni 8.68

:Lali Cr 3.66 kg/day 0% JAF0 ZHE Y {48e} ol
o< ¢ g Ytk

2.2 E|ME90| 2N

lain | 7H*d—% As A S AR viFgo] € H
=9 o 4 ¥E= Table 28 ZTh 2959 v5E £4
APAS 52x10° m*IM 5570 AEE APl AN HYE

el 7102 COD 28,920~55,128 2 Zn 149~2,610 mg/kg dry
wtE 2957} FATS & 4 Yt
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o, dAke 287919 olgitt AR ¢ A AE
20 cm~181 cm@ A o] wa} 2 2Jo)|& Holom TA] F
Q5o 53] 2“501 At FATHE pump S *l%o}
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71t olF F HH?—E AR oM FAA 1883AY 57T7CE S]]
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“W&‘A 2HEE FURPED 12709 A ERAIAIS 97l TAo] AAH7) A vhibt HHEY 24§ A=A
FEAAY 7ha)lA F 103]) ZAESQITE el VS 9] & A 39 S5 FF vjue] 9% v AAEEE A 55
3§ F92 a0 A (FAFE X BEF N 54 (Countert -4 § FEAA A FE X100y Zn 558, Cd 733, Ni 75.3,
Table 2. Pollutants concentration in sediment of dredged area, Masan Bay.
(mg/kg dry wt.)
COD PO,*-P" T-N" LL.(%)
28,920~55,128 0.315~0.732 1,875~9,832 7.21~39.44
Zn Cd Pb Cu Ni Cr Hg
149~2,610 0.75~12.20 22.4~109.0 45.7~336.0 24.4~141.0 39.7~278.0 0.08~1.19

*mg/kg wet wt.
L.L.: Ignition loss
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Fig. 1. Station map in Gapo tidal flat, Masan.
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3.1 AlZ ZF

Al ZhERRY] @ FEEE BRI Fig. D2 Z2F Ui A1
of 7o) A glon, s3te] KT} AE] lo] Al
9} dzAlo] 852) fE900] AFEE A Yot T3] 455
A 2707 U2A) HoFA) Sm, FFARS 1X10° m* 281
FoF U B9 BE 3x10° o2 AR 3 2457 F
Qke] sj5=] FHWSLE ZARE] 84 BEEAlE 7|5 08 Sl
EZAFA 28)3l oA Bhze]] o] 2 Felel] SR 1 0%
ZA AHRE-(St 3)elA AFE ARSI T2 Uig HEE
A8+ St. 13} St. 2004 Core samplerg ARE-3H2] 70 cm o] A
EE AFS @A 10cm Zlo] FHE ZBFEIITE A A
EE F71% 5 T ooy IFEAE AL, =, vt
Ak, 71e 27| 28lal W HAE F70 JiE- 7 ek skl

3.2 EAHRY

5, HRE 783 A AR 25 9L 9% 434y
W Sk T AR kAR 1200200 A o
254 S8 AXEFH R (Shimadzu AA-680)0.7 2733133
o}, olu) FE& B4 AR 2R U ABAH 471 INE
Ah} 1% APDC §4 02 A X3l on], Ak fallg4E
45 ARkl slgAl RS dAEE 1N A E A A
9 045 um A2 J3F 292 APDC/DDDC MIBKE A}
23 §FEHoE $FF YT EHE YA R F
A7 A FRE $iste] YETHIHNATANIES)S 3
AEFAF(SRM)?) Pond sediment(NIES No. 2)2} Mussel(NIES
No. 6)& ARg3le] A eka 382 T3t

BEAEE 747) 3dbE BAsle] Hage s JAE o,
Pond sediment®} Mussel A1 59 $32% 3482 Z}2} 95.0~104.8
%2} 95.2~105.9% ©]AH(Table 3).
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3.3.1 Sediment Quality Criteria(SQC)°l| 2lgt 2.3 H7}

Table 3. Certified and analyzed values of NIES Pond sediment and Mussel tissue.

(ng/g dry wt.)

NIES No. 2 ond sediment

NIES No. 6 Mussel

Element

Certified values  Analyzed” values  Recovery ratio(%) Certified values  Analyzed’ values  Recovery ratio(%)
Zn 343x17 339 98.8 1066 103 97.2
Pb 105+6 109 103.8 0.91+£0.04 0.89 97.8
Cd 0.82+0.06 0.86 104.8 0.82+0.03 0.85 103.7
Ni 403 38 95.0 0.93x0.06 0.92 98.9
Cu 210%12 207 98.6 4.9+0.3 4.7 95.9
Cr 755 77 102.7 0.63+0.07 0.60 95.2
Mn 770" 762 98.9 16.3x1.2 17.2 105.5
Fe 6.53+0.35(%) 6.49(%) 99.4 158+8 164 103.8
Sr™ 110 113 102.7 17 18 105.9

*Average values of 3 times analysis
**Reference value
NIES: National Institute for Environmental Studies, Japan
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3.3.2 Adverse Biological Effects®] 7}

A E] g E FFEe] FABESAA vAE
23o]| thato] Long et al.[19951% NOAA[1991] B3A o)A AA| 3 H
7} 71&° e} Effect range-low(ERL)®} Effect range- median
(ERM)S. . Ftate] 7t

442 o
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FUE BEVNY 2 B35
A F7] A FAE FUIAY AT £54
Table 4ol YEPAITE. T12]31 ZARS ire]
19 A7 12@E937124 A HE 1) ¥
7] Yte] ®2 shddel] §A71ES BAIEIT
HE F7]oj% 10do] At AAARS a5 F Fa5 5
Table 4ol VERA v} 70] Zn 1.15~2.59, Cu 1.08~1.96,
b £7£~042 781 Ni 0.57~1.35 ug/l oItk &8E =718
el Fag T 20033 AR KRk Ak kel
Sk AErd 2 12003])2) Zn 0.08~0.74, Pb B74Z-0.6, Cu
0.03~0.17 ug/l 57 WIS o £ A7AY ol thi =
& ARE Yepfgdeh. 18y o)) 2 5
8o} F=287713=e] Zn 100, Cu 20 12]3L Pb 100 pg/is} vl
& u o} W& frolrt,

A HxAl| S allr FE% Ba v s o 2

$EAl &, 10:008] (12)~16:000 A2y A8 sl &
¢ EelA] X ED} HE F 5o AR R FEHE AV §
groln] &A% Fgko] Zn 176, Cd 0.13, Pb 0.24, Cu 1.58 7L
2T Ni 0.75 ug/l oIt 338 Fx2A1719) 17:004 FF32)~21:00
AR YAIE 39 52 vkt sl =713 U1RZE {ds
T Al71olE npibh jgiA] 9 9] st o]wle] gk Zn
1.92, Cd 0.19, Pb 0.14, Cu 1.57 Z8]1 Ni 1.03 ug/l ©igich. &
AE 5714 724 A S5 448 B 55E H|wsto]
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Table 4. Heavy metals concentration in seawater for the one tidal
cycle in dumping area.

(ng/h
Element

Time

Zn Cd Pb Cu Ni
10:00* 1.65 0.04 0.20 1.48 0.72
11:00 1.80 0.19 0.33 1.73 0.73
12:00 2.38 0.12 0.09 1.96 0.64
13:00 1.84 0.17 0.39 1.88 0.81
14:00 1.31 0.11 0.16 1.34 0.89
15:00 1.58 0.16 0.43 1.30 0.64
16:00** 1.75 0.11 0.07 1.40 0.82
17:00 1.88 0.18 0.12 1.58 1.03
18:00 2.59 0.17 ND 1.74 1.27
19:00 1.15 0.13 0.06 1.08 1.35
20:00 2.37 0.21 0.38 1.72 0.91
21:00° 1.59 0.24 0.14 1.75 0.57
Standard 100 10 100 20 -

ND: Not detected
*High tide, **Low tide
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n)5 EPACIME Bl Eol e SRR 5ol wet
HAEY 2Y9LEE Non polluted, Moderately polluted 22| 3
Heavily polluted® 73l Qitt. o1¢} 22 1|5 EPAY] 29%
TE7IES g3t TR 2F(0~10cm) HAE F55
AEE H7lslo] Table 60 Blwate] vfehfSict.

3] A Zn 175.12, Cu 46.25 18] Cr
32.1 mg/kg® & Moderately polluted 5722 % 71= ek, 12fLt
Pb, Cd, Ni%] 7% Non poliuted level &4 F35<5 40l gl =}
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ER B d5H FFEo] A& nRls 9T Jxof ot
Effect range-low(ERL)®} Effect range-median(ERM)2.2 -3}
o] AR YITH(Long et al.[1995], NOAA[1991]). ©] 7lol= 2
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Table 5. Depth profile of heavy metals in Sediment of Gapo-tidal flat.

Pl FE4 29t 79

(mg/kg dry wt.)
Depth (cm) Station Zn Cd Pb Cu Ni Cr Mn Fe(%)
1 177.14 0.78 42.51 47.65 21.93 30.94 507.88 3.79
0-10 2 173.11 1.16 34.85 44.85 14.24 33.26 515.46 3.74
Avg. 175.12 0.97 38.68 46.25 18.09 32.10 511.67 3.77
1 159.01 - 42.30 45.84 17.10 27.65 522.04 3.96
10-20 2 153.48 - 28.68 45.04 23.32 33.04 519.35 3.68
Avg. 156.24 - 35.49 45.44 20.21 30.35 520.70 3.82
1 156.90 - 37.81 45.32 25.47 28.89 529.84 3.88
20-30 2 155.01 0.25 29.06 42.87 22.87 31.76 542.48 3.66
Avg. 155.95 0.25 33.43 44.10 24.17 30.32 536.16 3.77
1 141.72 0.87 42.14 35.22 16.63 27.98 541.11 3.86
30-40 2 147.74 0.58 39.05 36.55 25.40 36.54 546.22 392
Avg. 144.73 0.73 40.60 35.89 21.01 32.26 543.66 3.89
1 111.75 0.92 28.29 27.04 19.64 32.16 627.61 3.95
40-50 2 107.83 0.91 22.37 24.71 20.17 36.30 609.29 3.80
Avg. 109.79 0.92 25.33 25.87 19.91 34.23 618.45 3.87
i 113.53 1.37 32.97 26.93 24.93 30.09 595.97 4.05
50-60 2 102.77 1.32 25.35 25.39 28.17 32.98 602.08 378
Avg. 108.15 1.35 29.16 26.16 26.35 31.53 599.02 3.92
1 418.89 4.54 45.71 90.22 43.12 63.22 401.23 3.90
60-70 2 404.05 4.49 42.38 84.78 36.10 64.69 398.00 3.56
Avg. 411.47 4.51 44.05 87.50 39.61 63.95 399.62 3.73

Table 6. Classification of surface sediments obtained from the Gapo-
tidal areas by sediment quality criteria

(mg/ke)
Polluted level
Metal Gapo area
N.P. M.P. H.P.
Zn <90 90-200 >200 175.12
Pb <40 40-60 >60 38.68
Cd - - >6 0.97
Ni <20 20-50 >50 18.09
Cu <25 25-50 >50 46.25
Cr <25 25-75 >75 32.10

N.P. Non polluted, M.P. Moderately poltuted
H.P. Heavily poiluted

Table 7. Toxicological effects of surface sediments by guideline
values for the incidence of biological adverse effects.

Guidelines (mg/Kg) Incidence of effects(%) Gapo

ERL ERM <ERL ERL~ERM >ERM arca

Cd 1.2 9.6 6.6 36.6 65.7 0.97
Cr 81.0 370.0 2.9 21.1 95.0 32.10

Cu 34.0 270.0 9.4 29.1 83.7 46.25
Pb 46.7 218.0 8.0 35.8 90.2 38.68
Ni 20.9 51.6 1.9 16.7 16.9 18.09
Zn 150 410 6.1 47.0 69.8 175.12

ERL: Effect range low, ERM: Effect range median
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Fig. 2. Depth profile of heavy metals in Gapo-tidal flat.
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18798, Pb 0.28, Cr 0.15, Mn 423, Sr 145 783 Fe 10033 pg/g
o] AEH o] 9§ TteliA AHF AsoMEY HE AEE 1}
BRI O AR R A AN BAAA = @] Pb 2.0
9 Cd 2.0 ug/g Brhe RO EHHIEREHAMA[2001]).

2 2 39 AHE A SHE 7 A9 A E
Fe) 2k A 119951} 2B vt A9t ZAFE T (3374 [1990])
723 #]F9) ASHNOAA[1987]) B A& A9k A ZAA
(E411974]) S v 3Eo] Table 8o Ve T

A2 ¢ vl= A3l XYl Zn, Pb, Cd, Cué] o]
o2 A vepsth 28y 2 24 Al 713 Wi
7 AvE S A B % 299} vwElE W Zns Al
sletaE £ el Aldshs AFER19] $3% Tgo] Al
ES & w2 VERASITH

53] 13 v JAFER| 9 Fa5% I SRENE
1995ef] Bt & A9l FUAY FF& AT el A
[1995))¢} vl wslls W SHE thF-2e] To< o] @A vt
357e=

o

o
i

5.4 E

A ZEES ol mlabet ALY AR EEE HEAE
21%x10° m7t §7132 S AR 8 L9854 F
I FEE AVIEERA] COD 55,128 181 4502 7n 2,610,
Pb 109, Cu 336 &3 Hg 1.19 mg/kg dry wt. ©1vh 5%
2 099 SRV tRoE FU19 o|F 10de] B & AR
7hEHN Y] FEE @S BNty ohe T e FES I

1) AR} F7)9 7hEsd e & 24T 59t de] S5
£ F5E Zn 1.15~2.59, Cu 1.08~1.96, Pb ND~0.42, 12|31 Ni
0.57~1.35 ug/l & Aste] H{E =2l Zn 0.80, Cu 1.02, Pb 0.01,
Ni 0.70 ug/l 9} B]2 g o ZARESG0] tha &8 FEOIUTH

2) 71EAY HAE 339 F55 29 75 U= EPAV]E
o2 H74ek A3} Zn, Cu 28] Cr& Moderately polluted 55
o2 H71E ek 284 Pb, Cd, Ni®) 7-%- Non polluted level

Table 8. Heavy metals concentration in biomass obtained from Gapo dumping area.

(ug/g wet wt.)
Site Sample Zn Pb Cd Ni Cu Cr Mn Sr Fe

mantis shrimp 29.68 0.09 0.15 0.17 11.63 0.02 0.95 2.33 12.97

crab 35.73 0.08 0.05 0.28 9.90 0.05 8.50 11.88 76.42

. oyster 238.97 0.30 0.19 0.16 5.29 0.07 5.83 1.30 72.01
Inside* area

baby clam 17.71 0.20 0.05 1.07 1.00 0.10 232 1.30 79.90

geoduck calm 12.51 0.14 0.02 0.14 2.80 0.10 2.62 1.79 76.84

blue mussel 187.98 0.28 0.14 0.27 0.96 0.15 4.23 1.45 100.33

Outside* area blue mussel 20.04 0.07 0.20 0.22 1.02 0.09 2.58 0.95 32.47

Standard(shellfish)** - 2.0 2.0 - - - - - -

*Gapo dumping site
**National fisheries products quality inspection service, Korea
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