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Vertical distributions of dissolved Cu and
Ni in the central East Sea

JAE SAM YANG
Department of Oceanography, Kunsan National University, Kunsan 573-701, Korea
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Vertical profiles of dissolved Cu and Ni at the upper 400 m water layer have been determined at two
stations in the central East Sea in October 1995. This is the first report on the vertical distribution of
trace metals in Korea. Copper concentrations are in the range of 2.1~5.8 nmol/kg and 1.6~2.4 nmol/kg
for stations S and N, respectively. The vertical profile of Cu at S is found a scavenging type (i.e., drastic

decrease with increasing depth). Concentrations of Ni range from 4.3 to 7.1 nmol/kg and from 3.4 to 5.4

nmol/kg for stations S and N, respectively. At station S, Ni is best correlated with phosphate, but not at
stations N. Such difference between two stations are probably due to their different vertical distribution
of water masses. Station S has a strongly stratified water column with 6 distinct water masses, but
station N with a well-mixed subsurface water layer extending from 50 to 300 m depth. Extremely low
salinity (31.87~31.96 psu) found at the surface water of station S was interpreted as a result of the
Yangtze River effluents which were probably fed into the East Sea through the Korea Strait during the
late summer. Such seasonal appearance of low salinity in southern part of the East Sea was reported
previously. The concentrations of Cu and Ni at two sites are comparable to those reported in the North
Pacific. It was found that Ni mostly exist as dissolved phase.
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hammer & Bender, 1980; Bruland ef al., 1994).

SeiE el 254 Cuol £5 BEE 0.5~6 nmolkg o &
ZA}E %) 31(Boyle et al., 1977; Bruland, 1980), Ni< 2.1~14.0
nmolkg?¢l =% t”-,47} 1 3% cHBruland, 1980; Sclater et al.,
1976) el AS aeF & U _Voﬂ g O\i?'}: T
AR V(3 FA T4, 1988; 1994; 19954, b) 0|5 A
EZoll =AU 1992d9) 19943 g Y 2 %3}1 ‘zW
AANA 2ALE Cug] SHEQ £% %9 0.79~9.28 nmol/
kgol i, Nig- 1.53~4.60 nmol/kg & th(EH=8) 9F A T 4, 1995a).

7] o) viFas A7) 2T o) Fo]H ol f A7
AN 24 715AL 2Y F 9UE Go-Flo samplert} wire's 2]
2AE AHIEe] AW 24P 2 Al A AE oo
clean roome] 2317 S1010k S 5 B of A3 oIS

B G o 3 % 259 ARG Qg 2 5o 5
G A ot ol o] A9 gl Fol B BEY =
719 Wigr}h chekst *J"o' 400 m5 W & Cudt Nig &4
i ThE Sl Wrsel v

1AL gt

1

R

A2 A & 23

A5 H# = Go-Flo sampler(General Oceanics, 10 HE A}-£-3)
T3l T MY FH(EAE S5 37°20N, 133°40E)9 ER(YH N;
41°30'N, 134°10E)8] F A Ao A 44 50 m7b=]= 10 m7tA o
2, 71 o)} 25~100 m7b 2 0.2 400 m7b<) 3 3] 3 Ch(Fig. 1).

Go-Flo samplers= 128 08 A& Aol idg 3¢ B9l 18
FrHMerck)ell A7 FHFE FEI] AolWE ALty
o Aol A 2912 nylon roped)] samplerE 91A3}e] o] 23
T At 2 AAF winchE o] 8892, A5 A2
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Fig. 1. Sampling locations.
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Table 1. Reagent Blanks, precisions and recoveris of the analytical

method.
Blank RSD! Recovery
Element (nmol/kg) (%) (%)
Cu 0.40+0.12 8 9517
Ni 0.81+0.10 2.5 94+3

'Precision determined as relative standard deviation(RSD).

ojg] dtoz AAeh 11 EeoEd ol gar HA) ¥
Ak A F Niel 2§ AT SE Beie)
FOAE Lol A8 22 A
A7bete] pHE 20R 52
leached 224 FFo 2
2xrbel FAG 8% CID, dYEF5 A5 2 5

(19970 AR E N85 W ste] L8t
AlZ 2o g2
g Algs A4 47 mm, 2 3 ] 0.4 um<! filter paper (Nu-

clepore)& AHE-# 7H) A3 3}9i AL, 3 vhetgh(reagent blank),
w40 g 9 FE09) AFEE 2AkC

%% "PhH.2 NaDDC(sodium diethyldithiocarbamate) ©]-g-3)
200ml ARE 2miz 558 F u8T ARFHEL7|(Per
kin-Elmer 3110/HGA 600)E Alg3te] Ak 3gok(d =,
1994). BL3k A B E W BAslg on, T ghol vlgghel

nlsf 2uf ojakel Mg et A soint.

A9 Ao A vERG Cugl Nigl wielbzk B4 sk 2hzh
0.40+0.12 nmol/kg(n-—S) 0.81+0.10 nmol/kg(n=5)0] 3 1 ¥4

E_(Cu' 7.9 nmol/kg, Ni: 8.5 nmol/kg)~ 59 ’d}li‘,— =223 35

ol g3ttt & 4 WS AREste] ol &F Cudt
Ni¢] -"f*’%«) AU I EFHAZ)E T 8%, 2.5%0)9 31,
&2 95+7%, 94+3%E B UH(Table 1).

2 I

& Cull Nig| 2355 B2

Cux= A7 Sofj A 2.1~5.8 nmolkge}l A% Nl 1.6~2.4 nmol/
kg9 T HHAE Bt 53], S9| TEoA A 20 m7bA ¢
FE 47~58nm01,’kg‘:‘ AR N 9o 59 FAoA 1.6~22
nmol/kgHt} 28} o4} ZhtHTable 2). Cus} I SRS AH
SN E £359 %3 TR w4l Wt G4 Bade &
7R HEE 293, A Nojjale Fx8 02 72
HcH(Fig. 2a).

Ni& A4 S} Nol|lA z+z} 4.3~7.1 nmol/kg, 3.4~5.4 nmol/
kgo] ZALEQITHTable 2). Ay 082 AW SoM B2 v 5E

HAth A SoflA Ni& ik e] £39 fARRE X E By
ok AH NellME 133 A3do] gickFig. 2b).
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Table 2. Concentrations of Cu and Ni at two stations (S, N) of the

Table 4. Comparson between dissolved (filtered) and total (acid-

central East Sea. (nmol/kg) leached) concentration of Ni. (nmol/kg)
Depth Cu Ni Ni
Depth
(m) S N S N epth (m) Dissolved Total
0 5.8 1.7 4.7 35 0 4.6 4.9 4.7 45
10 4.7 2.1 4.7 49 10 4.7 4.7 5.1 4.9
20 5.2 1.9 4.8 3.0 20 4.8 4.8 53 5.5
30 2.7 9.1 4.3 5.0 30 43 4.3 4.2 4.1
50 2.1 1.9 4.8 4.9 50 49 4.8 4.4 4.4
75 2.1 44 100 4.6 4.8 5.2 5.2
100 24 1.8 4.7 4.7 150 5.0 54 55 54
150 2.2 1.7 5.2 4.4 200 53 4.7 4.4 44
200 24 1.8 5.0 4.0 300 5.0 5.2 5.7 5.4
300 2.2 1.7 5.1 38 400 71 6.6 6.6 6.4
400 2.1 2.2 6.8 53
'Values are suspected to be contaminated. e = 1 o) x]=103
4.60 nmol/kg(3F=8 F A T4, 19952)5 7 2 U X3} tH(Table 3).
Cu(nmol/kg) Ni(nmol/kg)
ol 2 3 405 8 7 3 4 5 & 7 8 == Nie| £ HEl
- e CTRNVESTTT T 4% s AR E GnE N BAY g 24 3
d A 718 A2E BA uwd 23 JdiE AZ, E Nigl 2 1)
b " . & 2e WR F BAS AR Bl thatel 89~114%F
cm| v o AAS A S % ol ZABHE Nie) iR 4EH2
4 L] L] 4
£ il R ZAAHE AL L4 TH(Table 4).
g
Q 3007 m=e 300 - . E o|
400 - 4 ] =
“ - HE NI} 52| s SaH|m
50 B zA)k & BAle ek ZAtel A T St i
- 500 -

Fig. 2. Vertical profiles of dissoved (a) Cu and (b) Ni.

Alell P& FE44 Cu E(1.6~58 nmolkg)s )<
1.57~9.44 nmol/kg(3+=8) kA T4, 1994, 1995b), tha+a] & ol
A 0.79~9.28 nmol/kg(FH=Za %A T4, 19952) 18] Fal ¢
7% 2.36~6.29 nmol/kg(ZH=Fal %A A, 1988), B oF HA
3= 2] 0.85~2.20 nmol/kg(Maeda, 1986)3} 53] FA] 3] & ol A
ZAFE 0.94~2.83 nmol/kg(BH 8] A T4, 1995a)9} A
TR HAE KA

ExaloA A€ Ni % 3.4~4.9 nmolkgs 28] ko]
2.49~4.61 nmol/kg(Bruland, 1980)7} 3 FA] s|Gol| A 1.53~

Bogo dojzl &, g, £ BE(Fig 33, b, 0%
o] AA NI} SuHe E A3 Ao Fig. 34, ¢, folt}.

F28F: A4 SE REFL 21.70°C|% $4 30m o] 4]
A gf-0] Zalsted A4l 200 m o] Yol A= 5°C o]t o]EE

A NE v ¢& £ F2g Asjstae 10)8} 54 300
m Abole] AFalE ] el 7k M A thebitt.

HE EF: 44 St 54 30m 742 31.87 psu] AGEFo]
Z st S0~150 m Abololl A @R o) 34.13~34.29 psu 2 F
7}et &, 200 m o] Aol A ThA] 34.06 psuZ ZArdle] 103}
A Mgzt giok 1w A N& B304 F4 30 m7hA] 33,

Table 3. Comparison of Cu and Ni concentrations in surface water around the Korean Peninsula. (nmol/kg)
Metal
Area - Reference
Cu Ni
Central East Sea 1.6~58 34~49 This Work
North Pacific Ocean 0.85~2.20 2.49~4.61 Macda, 1986
Southwest of East Sea 0.94~2.83 1.53~4.60 Bruland er al, 1980
Changjiang Estuary’ 5~10 34 KORDI Report, 1995a
Coastal of Changjiang Estuary 5.35~6.45 Edmond et al., 1985
Southern Sea 2.36~6.29 KORDI Report, 1995b
Yellow Sea 1.57~9.44 KORDI Report, 1988
Korea Strait 0.79~9.28 KORDI Report, 1994, 1995b

"Where the surface sample with a salinity of 26 psu was collected in June 1980.
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Fig. 3. Vertical profiles of (a) temperature, (b) salinity, and (¢) dissolved oxygen from the north-south intersection of the central East Sea,
and (d) temperature, (e) salinity, and (f) dissolved oxygen of Station S and N. (cited from Cho et al., 1997).
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Fig. 4. Vertical profiles of (a} phophate, (b) nitrate, and (c) silicate from the north-south intersection of the central East Sea, and (d)
phosphate, (¢) nitrate, and (f) silicate of Station S and N. (cited from Cho et al., 1997).
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Fig. 5. Vertical profiles of water masses from the north-south
intersecction of the central East Sea (cited from Cho et al.,
1997).
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Fig. 6. Temporal variation of salinty at the sea surface in the East
Sea (cited from Tanioka, 1962).
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I} NiCL, NiCO,Z ZAgttn Azrdach Nie ke 94
ol A HAgte] 2nmolkg Wielolm, Hdigke Yetuis
oF A=2olA] 11 nmolkgS LtehHo] &4 Fx7}
T 550 @it
Cus b X ‘Q% HolgF& o2 FrF F=
Cu(OH)" 18|31 Cu™ %ol e EqTti ¢
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3ko| 3 TH(Bruland, 1983). Cul e £ 3
gkel 0.5 nmol/kg Welojm, Hoighe Vet
+ol4 6nmolked Vel AEFe) wRo}
o} oF 128 AT FEEE AR VERgTh
ole1gt 432 Cut Niofl vlated YA S2ol| oste] =
How £ AAH] GEOZ JAL. H5F Cusl AFA
7He- 500003 0 2 Nigl 10,0008 v]3H Fol 22550 F

B A B o

ofi L ofp
Y o

&
rir
bl g o P

%%4:— o] ElA B mgaly]H Nio] Cuprt B Ax 3lsha
EURGRa x‘@%o}ﬂ% ol A Cuell v]ste] t]L e ey

EAE-L o 4 9Jtk(Boyle et al., 1977; Sclater et al., 1976).
X240 thE A NisE7F L7 nmolkgel wHd, Cus 0.
36 nmol/kg(Bruland, 1983)24 & SW|AE £& 57 ¥ 5
Ause] Aol G st HEFY Ni F2E 3~4
nmol/kg o]® Cu¥ 5~10 nmolkg®A o 28] A% & %
oAt 3~4714 F 1000 km o]¢E o]FFE F A S FF
= 3 &olrt glelA Curl 5.8 nmol/kg, Ni- 4.7 nmol/kg 2
A =relzt Aol sl glet. o] & Cuvl NikTh 3ol
N gHAoz Qg 2ol slatel AR Ha, B FAE
A3 E-9] regeneration HEE ] wlE o2 B} 1 ¥hA o]
@ egdel Aol ol 4Y N Easler Cuwl L7
nmol/kg Ni€ 3.5 nmolkg® veht} Nio] Cuzp=9] ¢ vz
VERATE

%(.

si-E Nio] =2 HEY

AEARE ol F BHG @, % £ Nistk Aue 3
7he AE, & F Nigs vus 23 §SH7E 39 89~
114%E 2A 8] 2A712E 5 sa= el S48k Nig
$EUZ EABTUE A 25 AT ol HET FHE BE
7} wlg e o2 Ahzhgl cipersonal communication). o]+
BEE o] @& #5F YR EMEE Cu, Ni, Cd & Zn
9} & FHREEH A 10%u e 71Ee] A7 (Dan-
ielsson et al., 1985)¢F AU x| 3l 3FF B52ol Jtako] ko Al
o BAA 299 7HeAe] B AR S At E FuE
RHoz AR} b Bdge] £& Nif e FFERE
Mz AA & 58l

HBo

ARE o128 4 1 A9 HATED
Go-Flo sampler& A &3] 74! 3 )
S A A A

Py o2 e
Hiorle kt a@



124 & A

dFdTa AAY, AFH 7S
Utk shrgto 2 Age] Aades
/\l 6‘-] /~l 5]—/\3 o]] 7.“

#nEs
AH, 71, o159, o154, A48, ges, 199, Al B
Falge) TS B LE(198788), AHFAT, 16: 1927,
2T, wF, 45, 1991 3 AFE T ajode] 5 2
A, B, 26 262277
A, BHE, A, 290, o1%3, 1997, FHFAN )
JYAF EBHA. ML 19959 102 53 % @ B 9
Aol Fajet gUdyg B . T5AMEF3]R] 30: 393-407.
FRAFAT L, 1988 FFAG FE A AUE AAT

). BSPG 00062-200-7, 385pp.

FRAFATL, 1994 oo PP 2 BAAT.
297pp.
FREGATL, 1995 2223 Y BAE HY A7-Fa

T A]¥-. BSPN 00262-806-1, 336pp.

2 AATA, 1995b. Ba)o) IO AXA L hAA
299pp.
B ok LA, 1997, HEE U AE A AT S

A 8(2,32hd x). BSPN 0031963-1. 601pp.

Beardsley, R.C., R. Limeburner, and G.A. Cannon, 1985, Dis-
charge of the Changjiang (Yantz River) into the East China
Sea. Continental Shelf Res. 4: 57-76.

Boyle E.A,, FR. Sclater and JM. Edmond, 1977. The dis-
tribution of dissolved copper in the Pacific, Earth Planet. Sci.
Lett., 37: 38-54.

Bruland, K.W., 1980. Oceanographic distributions of cadmium,
zinc, nickel, and copper in the North Pacific, Earth Planet.
Sci. Lert., 47: 176-198.

Bruland, K.W., 1983. Trace elements in seawater. In: Chemical
Oceanography, edited by J.P Riley and R. Chester, Academic
Press, 517pp.

<3

Bruland, K.W., K.J. Orians and J.P. Cowen, 1994. Reactive trace
metals in the stratified central North Pacific, Geochim. Cos-
mochim. Acta, 58: 3171-3182.

Bruland, K.W. and R. Franks, 1979. Sampling and analytical
methods for the determination of copper, cadmium, zinc and
nickel at the nanogram perliter level in sea water, Analyfica
Chimica Acta, 105: 233-245.

Danielsson, L.-G., B. Magnusson and S. Westerlund, 1985, Cad-
mium, copper, iron, nickel and zind in the north-east Atlantic
Ocean. Mar. Chem., 17: 23-41.

Edmond, J.M., A. Spivack, B.C. Grant, Hu Ming-Hui and Chen
Zexiam, 1985. Chemical dynamics of the Changjiang estuary.
Continental Shelf Res)earch,_' 4: 17-36.

Kang, C.J. 1971. On the seasonal variation of the oceanograp-
hical conditions in the eastern part of the Yellow Sea. Bull
Fish. Res. Dev. Agency, 8: 9-29

Kang, Y.K. and M.S. Jin, 1984. Seasonal variation of tempera-
tures in the neighboring seas of Korea. J. Oceanol. Soc.
Korea, 19: 31-35.

Klinkhammer, G.P. and M. L. Bender, 1980. The distribution of
manganese in the Pacific Ocean, Earth Planet. Sci. Lett., 46:
361-384.

Landing, W.M. and KW. Bruland, 1980. Manganese in the
North Pacific, Earth Planet. Sci. Lett., 49: 45-56.

Maeda, M., 1986. Transport of copper from the Bering Sea to
the northwestern North Pacific, J. Oceanol. Soc. Japan, 42:
333-346.

Moriyasu, S., 1972. The tsushima current. In: Kuroshio, edited
by H. Stommel and K. Yoshida, University of Washington
Press, 517pp.

Sclater, F.R., E. Boyle and J.M. Edmond, 1976. On the marine
Geochemistry of nickel. Earth Planet. Sci. Lett., 31: 119-128.

Tanikoka, K., 1962, The Oceanographical conditions of the
Japan Sea. Umi to Sora, 38: 90-100.



