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Behavior of trace metals in Masan Bay, Korea during
oxygen deficient period
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Abstract

Behavior of trace metals in Masan Bay, Korea was studied in August 1998 when the
oxygen deficient condition occurred. Dissolved Cd and Zn concentration in the surface
waters decreased with increasing distance from Masan Harbor. Dissolved concentrations
of Cd, Cu Pb and Zn in the surface waters were higher than bottom waters.
Particulate(acid-leachable fraction) concentrations of Cu, Cd and Pb in the suface waters
of Masan Bay decreased with increasing distance from Masan Harbor. Bottom waters
contained higher concentrations of particulate Cd, Cu, Pb and Zn than surface waters.
Distribution coefficients between dissolved and particulate phase (K4) of Cu and Cd
decreased with the increasing distance from the Harbor, possibly due to reaction of
these elements with sewage-derived particulate matter. Al, Zn, Cu, Cd, and Pb in the
surface sediment showed relatively high concentration in the inner Masan Bay.
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Are & fadAol 232 Kmiolm 39
ol ¢ 43 Km® 224, Zo| st 4
Zol7l 71 AEAHQ iy q}u}g o]
o] F[1994]). wlitere 1960dHiFEH FW
JdaAl 24 AFFUtR v R *J%l:%l#
gty F9Fo] Srbgeunet Rkl
Hslo] FrH(EAR[1994]). ©lgd AF=
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(A S[1998], A B[1994], °] 5[1994], °] &
[981) 714 BFANNY vlFFEALel BY
AFE o % vhEAY AdHoE §/4 #7
& 34sE AGNAY NFFEAL) RE 3
13 g4 goiA s Fas.
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oste ZHAINYC. vHFE EASE Y4 AF
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ZE E°] Go-Flo AF7I2 AP F mjg e
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S dx Wiyt AR =EEty

EEE 1~2 EZ & 0 AF3HHBoyle
et al[1981]). AMHAL As5= Fez2 AHH 04
im Nuclepore s A2 st =758 6 N
g M oS EXdrA A4 2EstY
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Fig. T Sampling stations of Masan Bay in

August, 1999.
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TEgH, dEH, ¥, A4, YEY, BI1F, 0|7
Fe, Mn, Co, Ni, Cu, Zn, Cd, Pb & 971 448 &4 g4do 2 olele] 8-10m FZdA W
ICP-MS2 Z# 3t} A2 AHE 2oFdth St 3 E ¢k dmojFty
gH, B dFoA FIEEA 259 & & AENA 118 mg/Le &ML FE JEMA
A7) sty $E4 FEE5T 9459 Oy I AEY 10mEFAME 014 mg/LE Fia2dH
Z+zZt Ayt NRC ¢ CASS-3 9 Marine & RAFUn re] St 204 St 4 7R &=
sediment EF &2 MESS-2E @7 Ay B3 AZF9 &£8447 EF 1 mg/l o3t 3
. FAe AdEe &34 vFFEd W @o Fro Wits AEHE BRYch a3y St 4
AE 96 % - 117 %, 281 HAHEZ daids oM St 8 AAE BF9 £&8NLEY 2715
91 % - 104 % A=Y 2a HANA dX3 mg/L older AEHJEZTIEY s FHA
S ig= of 23t f&4re] EI Aol HEWT
(Table 1).
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Fig. 2 Vertical profiles of temperature and dissolved oxygen in Masan Bay.
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Table 1 Dissolved trace metals in Masan Bay in August 1999(x g/).

SHAl oratRt #Old SHUMY 0SS5 HES

Depth| Temp | SAL | DO | ¢d [ Co | Cu | Ni | Pb | Zn
(m) (C) | (psw) | (mg/L) o)
0 253 17.80 499 - - - - - -
0 25.0 24.05 7.17 0.030 | 0003 | 0.78 122 | 0018 | 348
6 22.7 27.15 0.24 0.012 | 0011 | 0.71 055 | 0.080 | 155
0 25.7 23.72 7.13 0.020 | 0.032 | 0.08 084 | 0020 | 158
10 214 30.05 0.01 0.005 | 0019 | 010 0.30 | 0.010 | 042
0 25.2 2493 15.06 0.019 | 0.005 0.60 0.54 0.044 0.84
9 21.3 2951 0.69 0.006 | 0.017 [ 0.22 037 | 0036 | 137
0 255 25.01 17.85 0.013 | 0.006 | 068 0.61 0.069 | 147
15 215 31.45 3.39 0.007 | 0.013 | 0.16 0.27 | 0030 | 071
0 256 25.95 1538 - - - Z Z
14 214 31.73 2.48 - - - - - -
0 25.4 26.69 1541 - - - - N .
12 215 31.52 248 - - - - - -
0 25.2 26.31 15.31 - - - - - -
19 204 32.00 5.75 - - - - z -
Dissoved Cd — Masan Bay Dissoved Zn — Masan Bay
B Surface B Surface
[ Bottom B Bottom
ug/L 002 vl 2

Fig. 3 Dissolved Cd and Zn concentrations in Masan Bay.
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Fig. 4 Acid-leachable particulate trace metals in the surface waters of Masan Bay.
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g BolEdg olv #YHAAAN
SHEZHE Co”, Fe¥', Mn”o]
293 =Ry o AFs2 &itEHY dE
ol th(Emerson et al.f1983), Balzer{1982], Kreml-
ing[1983)). whatwke]l ErjAH8H A Cod F&
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FH g2 v AfAAdUM ZAE &
ul % ARE BH, AZpEA dAtdME
Cu 042~0.79g/LH T 061pg/L), Zn 0.37~1.66
pe/L(BTF 0.70ug/L), Pb 0.024~0.086xg/L(38
0.0461g/1.), Cd 0.018~0.028ue/L(BF 0.022u8/L)
o BIXE RUHEITHEATAL[1997]). ofibgt
M Cu 023~115p/L(H T 061peg/L), Zn
0.06~0.99u/L(A T 0.25p¢/L}, Pb 0.011~0169u¢
/L(EF  0.034pe/L), Cd 0.018~0.050ug/L(B T
0.030ug/L) AHE= e FA7A[1993]). £ ZA
JqA Ve FEE dio o et gloy
AR ol Ex H&F FFolqdt

Lo

hyz [e)
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32 XY oEs
B o zAdqA 934 wgFE&e g deg
et F&¥ HE(acid-leachable fraction)&
EA48AYHTable 2). olv BHASY 8584

o] wlgo] A Uz A¢BANM #F
lFEEY A W F-2EHR% EEAFAE

debslz] $aiAlE acid-leachable fractionof
F AFA oyt Ay HREold.
opabaj ol A Ugte 2R E Y A wE
acid-leachable fraction® E¥E Fig. 49 ek
Wtk #5545 YA Cu® acid-leachable
fraction® St. 2, 3, 4, 501 z+Z} 40, 27, 65, 4.3
pg/g 08 mpARhe] otEo A ulgZow s
AR Faste 4%E BP9 CdY A% o A
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Table 2 Acid-leachable particulate trace metals in
Masan Bay in August 199%{(x g/g).

St.[Depth|f Cd | Co{ Ni | Cu | Zn | Pb

(m) (pe/g)

21 0 1501 32 | 28 | 40 | 666 | 26
6 | 078 17 | 26 | 95 | 451 | 168
31 0 |060|61 | 12 { 27 |259 | 15
10 {130 13 | 17 | 51 | 271} 18
41 0 0332288} 65|13 | 50
9 (05| 11 [ 90 |54 {110] 11
51 0 | 050 | 17| 85| 43 | 137 | 48
15 |080) 16 | 24 | 18 | 148 | 25
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E =459 acid-leachable fraction 7] &
¥ EEE olibgt ¢hFo YT FAHNA =1
WATFZOR TFEE FH GolAes AF%S B
o} ol AL T FEo viHEHFTEY FYdo] B

(B 5N09%4D, ZF F71E83 FRdAl dd &

=]
E 3£ J3x Y 4P AF Aoz FA
goh B A A 94 2 A me g 2o

t}.

7t A PR Cd, Cu, Pb 281 Znd& EFE
o AZN AR & FFE veEd gon,
Aol A AdFaHd o] AUHoz &&8H vFSS
2 9A JEiEh o3 A did d3e A
FaANE vepd b Qled AFAS Tyrost
Bannock basine A& @714 #H o] L2 g
glon, A&EL FALZ9 HAWAAME Co,
Cu 28 3 Zno] FHER0 "¢ 2 ZFo=
ZAQstgon, olAL g AN AGH
TE5H}E FHE o FHelgk FHL(Kre-
mling, K. et al.[1997]), 3o X= 714 3749
AZz4o A Cd, Cu, Pb 282 Znd FIEHA
o2 JAHRE HHE Zdoer Riddd
(Lewis and Landing[1992]).
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BoAnFe 24544 A WA gevt
) 8&FF<£3 acid-leachable fraction®} <]
Aol &ulrt 7] wEelh
Ky %2 viitnre) §549 39 v 4F9 St
2014 3, 4, 52 7b9 Cu¥ 51, 34, 11, 6(x10%)2
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ot R F471Q $REAA FFHE FR
¥ 4 e 0= 8 B dEd Rz 4

g9

422 Mersey EstuarvillXE S/3l4 734
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Fobdttn BusfEd o F g0l ZA
F2EE 7|03 RHEAA F FASE 54 &
7Fx)7] W& o] ti(Comber et al[1995]).

B ZA A ASdA §ENA E3HEo]
3 o4+E (Cd, Cu Pb, Zn9 K, #°] ZF7t3t=
A%E& H9tHFig. 5). ol £&ALhe T3S
0~4% ¥l d& o ¥ndy Z vegoh
& Cd, Cu, Ni 38 3449 dH AFE B2
E U FFHE AE2F Adxrt FEREWE §
228y 4251 ¥4 FeE HAEER
A AP (Bruland and Franks[1983], Westerlund
et al[1986]). wetA Kq @9 F7te @714887
9 AEAHEE YEd F Uk 1y B AL
A HFFE AT U4 AHI oAz
39 AHe HEzzre A48 HSY ST
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Fig. 5 Relationship between acid-leachable particulate heavy metals and saturation percentage of
dissolved oxygen in the bottom waters of Masan Bay.

Azl TEgol ¢ RAAM K, #& Z7F=  Table 3 Trace metal contents in sediments of
goz f& AT I7E ez Masan Bay in August 1999,

2243 QA vlEEE Alold HulASF
X, Z%ij ;_,;pd"ioﬂ] ow}eJr i;l} %%3?]; St.| Al | Fe |Mn| Co | Ni | Cu|zn|Cd|Pb
zZAA  =AE n@Eid K, #e % | % |ppm |ppm|ppm |ppm |ppm |ppm |ppm
Pb-Co-Zn-Cd-Cu-Niel &4 2 zastale. ol 1 {102{4.07| 703 | 148316 [84.7( 392 { 113 (853
= weddr K, 3te] Fe-Pb-Mn-Co-Zn-Cd-
Cu-Niel Z%& BRI Mx#AH(Kremling | o 100|417 617 | 153|354 | 725| 311 [ 099 | 47.4
et al[1997]). 1997-98\3 I FATF29 #F
gk AN K #°] Fe-Pb-Co-Zn-Ni-Cu 3 19.29/4.07] 59 | 14.3]36.0[67.1] 316 | 0.93 | 34.2
-Cde) &0z Z47} 1.7x108 1.4x10° 72%10°,
44%10°, 1.4X10°% 9.1x10%, 1.8x10* &2 vrEbyt 4 |881|4.14| 664 |15.1 (384|596 283 | 0.89 | 239
}(Z1[1999)).

6 [797[403]546 [146]37.8(484 246 [0.75]39.0

33 AMHA=S Ngss 7 187614.19] 709 [151[370(379] 183 [052] 411
1909 88 sabiel = dF P|FFHC, Cu, 8 |8.48]4.02[1074|155]35.8[30.8] 145 [ 054 [ 34.0
Znel A% W 55U dozE oW
g "x8g3e FEst Fia pade AL
R4 cHTable 3, Fig. 6). 28} Fe, Ni, Cos} % opAkghe] 23 HAEF F45949 Ho g§F
S 9252 AYgH WHst A9 §ldrh Cd, Cu, & Al Fe, Cd, Co, Cu, Mn, Ni, Zn, Pb7} 2%

Zn 59 942 E

SRAZ W R

9.1 41%, 082,
43 6ppm °lA .
A $g v 4 HEEF FE5THE B
o gofntolAE Mn 618ppm, Co 12ppm, Ni
Cr

Mn

15.0, 57.3, 701, 36.0, 268,

24ppm, Cu 2lppm, Zn 122ppm, Pb 36ppm,
55ppme] 2™ (K[1999]),  wiitutelA =
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