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E, AyS Wt 3 30 m 748 AlEE 2670 A olA] Aste] Pbet Cdol EEE A SISITE. El9 R E Pbel CdY
FEE U waEha, dAokdoa= Ao} ASKFH T Pb, 0.08; Cd, 0.10 nM Y.t} $-2ue} Fal 2detko] s+ Pb,
0.49; Cd, 0.1 nM)7} Pb2] 73-%- 6.08l] -2 WA Cd2| 5%+ Bl5=abA| YeFtom, b Pb, 0.22; Cd, 0.10 nM)&
W= (FH Ph, 0.13; Cd, 0.14 nM)el] B8l Cd9) s 5= 048] W& v pbe] w5 oF 1.7 A YeEpd), w3t
Pbol CdY] ¥ 3EE EF T2 10 °CE 7|H 0= E5E 548 1ol Qltt. 10 °C oJstollA] o] 714Gt wt
2} 57t S7veRE FAIE SR Tt i kol &JEl 9] AR w5t tha A e, 10 °C o)
e 27t STl wet F 57t ks FAIEA dirpdhRgl QI =THS-elveke) di)e] AA A Q1 GEke
PE ST A A F2 FEE Hola 9t} 53] Pbe] B, 329 dinpdFr 95w 43 D10S HIHeE 31
ATZ BAETE 529 g i w0 1A ddo] FueA A Yelstom, AxFs) e} FelgE ] S9=
Hop tha =4 YERA divhd{E T8 9% SElvetel R o2 RE] ti7|E Se Aee] ko] ud e
2 F 07 223 5 ot el T B350 CdvE BEE T2 oo Ak vkt =)o) 3t 99
FEE W= vhE, Pb 79 UinhdR-E Bt dEel o8l A IS o, T AES Bt Y9 .5
3 QAEA L] 2z gl o5l A= Folt).

Abstract — The distributions of Pb and Cd concentrations in the surface seawater of the East Sea were investi-
gated during the R/V Lavrentyev cruise (July 2009) in which four transects from Russia shore to South were con-
ducted to collect 26 surface water samples. The total dissolved concentrations of Pb and Cd were measured using
ICP-MS (Perkin Elmer, DRC-e). In the coastal area, their concentrations of Russia shore (Pb, 0.08; Cd, 0.10 nM)
were comparable for Cd but on the other hand, 6 times lower for Pb than Korea shore (Pb, 0.49; Cd, 0.11 nM). In
the subregion, their concentrations of Warm region (Pb, 0.22; Cd, 0.01 nM) were about 1.7 times higher for Pb but
0.4 lower for Cd than Cold region (Pb, 0.13; Cd, 0.14 nM). The distributions of Pb and Cd concentrations were
divided by lowest level at 10 °C of water temperature. Below 10 °C, Pb and Cd concentrations increased when sur-
face water temperatures decreased. Above 10 °C, their concentrations increased with temperature, which showed
highest concentrations in the Ulleung basin, directly influenced by flux from East Korean Warm Current and
neighboring countrys (Korea and Japan). Specially, in the case of Pb, the concentrations decrease remarkablely
with temperatures decrease from D10 directly influenced by flux from East Korean Warm Current, which shows
highest Pb level. By comparing with other sea areas (Western Mediterranean, East Pacific), Pb concentrations in
the East Sea were a little higher. The influence of East Korean Warm Current and neighboring countrys (Korea and
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Japan) may be relatively important. Therefore, the distribution of Cd may primarily be influenced by mixing of dif-
ferent water masses while the distribution of Pb may mainly be influenced by flux from East Korean Warm Cur-
rent and atmospheric inputs. River inputs and interaction with particulate materials may also some roles for the

distribution of these elements.
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Table 1. Recoveries of the analytical method (CASS-4)

Pb(nM) Cd(nM)
Certified values 0.047+0.017 0.231+0.027
This study 0.053+0.003 0.276+0.006
Recovery(%) 11246 12042
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Fig. 1. Location of sampling stations and schematic map of the surface currents of the East Sea: LCC: Liman Cold Current, NKCC: North Korean
Cold Current, EKWC: East Korean Warm Current, and TWC: Tsushima Warm Current (modified after Lee er a/.[2009]).
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Fig. 2. T-S diagram for all the stations on four transects in the East sea of Korea (TSW; Tsushima Surface Water, TSCW; Tatar Surface
Cold Water, NKCW; North Korean Cold Water, TMW; Tsushima Middle Water, LCW; Liman Cold Water, ESIW; East Sea Intermediate

Water, ESPW; East Sea Proper Water).
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Table 2. Definition of water masses in the East Sea of Korea

Water mass Temperature (°C) Salinity (psu) Reference
>20.00 <33.80 Yang et al.[1991]
17.60-20.30 33.39-33.86 Moon et al.[1996]
. 19.47-21.51 32.39-33.71 Cho et al.[1997]
TSW (Tsushima Surface Water) £20.00 2340 Kim and Lee[2004]
18.40-26.00 33.45-34.30 Yoon et al.[2007]
20.32-22.48 33.31-33.77 This study
12.00-17.00 34.30-34.50 Yang et al.[1991]
10.40-17.40 34.01-34.40 Moon et al.[1996]
. . 11.01-16.63 34.28-34.50 Cho et al.[1997]
TMW (Tsushima Middle Water) ) 34,50 Kim and Lee[2004]
12.20-17.60 34.25-34.62 Yoon et al.[2007]
10.17-15.73 34.05-34.31 This study
<20.00 <33.50 Kim and Lee[2004]
TSCW (Tatar Surface Cold Water) 8.99-15.53 32.85-33.49 This study
1.00-7.00 34.06-34.20 Yang et al.[1991]
1.00-7.42 33.98-34.18 Cho et al.[1997]
NKCW (North Korean Cold Water) 2.00-7.00 33.90-34.10 Kim and Lee[2004]
1.95-7.22 33.90-34.10 Yoon et al.[2007]
2.00-6.81 33.90-34.09 This study
. <2.00 <34.00 Kim and Lee[2004]
LCW (Liman Cold Water) 1.40-1.53 33.97 This study
1.20-5.00 34.00-34.07 Moon et al.[1996]
ESIW (East Sea Intermediate Water) <2.00 >34.00 Kim and Lee[2004]
1.00-1.98 34.01-34.08 This study
<1.00 34.02-34.16 Yang et al.[1991]
0.20-1.00 34.06 Moon et al.[1996]
0.37-0.93 34.05-34.07 Cho et al.[1997]
ESPW (East Sea Proper Water) <1.00 >34.00 Kim and Lee[2004]
0.00-1.05 33.90-34.18 Yoon et al.[2007]
0.08-0.99 34.05-34.07 This study

Temperature(TC)

Salinity

45

4 b . 35

128 130 132 134 136 138 140 142 128 130 132 134 136 138 140 142

Fig. 3. Horizontal distribution of temperature and salinity at 30 m depth.



Table 3. Temperature, Salinity and Concentrations of dissolved Cd,
Pb at sampling sites in the East Sea

Subareas Station Temp. (°C) Sal. Pb (nM) Cd (nM)
Al 3.76 33.91 0.11 0.13
A2 8.65 33.76 - 0.10
A3 5.02 34.07 0.09 0.15
D1 9.05 33.45 0.07 0.08
D2 3.63 34.01 0.19 0.19
D3 3.32 34.04 0.13 0.23
D4 3.90 34.03 0.20 0.12
El 3.99 33.63 0.08 0.12
E2 3.08 33.93 0.12 0.09

rggilc:ln E3 3.23 34.05 0.17 0.19
E4 3.06 34.03 0.21 0.20
R1 5.74 33.71 0.06 0.07
R2 5.19 33.74 0.18 0.13
R3 4.07 34.03 0.17 0.20
R4 4.40 34.07 0.15 0.14
RS 6.81 34.06 0.11 0.19
R6 4.90 34.04 0.11 0.10
R7 6.58 34.06 0.14 0.13
aver 491 33.92 0.13 0.14
A4 16.13 33.88 0.15 0.06
A5 13.91 33.82 0.22 0.15
D5 12.55 34.07 0.02 0.03
D6 13.15 34.21 0.07 0.14

X;‘i‘; D7 1552 3420 020 0.12
D8 17.36 34.03 0.24 0.09
D9 19.03 33.74 0.38 0.10
D10 22.16 3345 0.49 0.11
aver 16.23 33.93 0.22 0.10

oX
A oo
UouE
LJHU

A T 5317} Jolshl £8 54S molx ek,
% NG RS AFE 30m FE) FeT Ao

A(Fig. 3), 378 Al1914 4°C o8} a7} il
wel dstsiol D234 7h4 S Fan glor, A
o] 3 o] ol §X 299 Y JFL
IoF. 12 AG] iR EEF(TSW)e] 4
=44 DIOYE e Saehn 44
4% DI0YE 3 Z71ekebt TMWe 9
6,791 7V E9kor ejaloh qloko 2 44
R 415 molx ek,

g o
ju ¢
&

fz

M
:

©
o3

g
<

ox

30 my T
v}
=

flo o
¥
l‘¥°

filo
e

2K
—r
;O

=
of UlO
oot
o
T

% H
iE

[
=2
3
|
o -
o g@

o
i

LD
o
o K
r 3o
g

]

¢

oo oy X % o E E

53
oy
B
ol

3.2 E30|A Pbe} Cde| £HEE
ZAPIRE ot S8l 5ol ZARE Pbé) CdO] == Table
3o YeRJISl o, F5 2 RS Fig. 40l TAISHITH

Ak 0 F F3E 40°N 2ol sk 534 (Polar front)S
ZAAE e (warm region)? W% (cold region) > & T-7-5}A]

YH(Choi et al[1993]; Lee et al[2003]; Kim and Lee[2004]), +*
ATANE F& 10°CE FAZ Fo] Brolst yroe Fis

b, Cdo] 3£ 54 69
Fom, gl e F7 S8 RA| o, el YREA o 9x]ek=
Fjolrt,

PbA 7%, B (@ 0.13 nM)ETF WA GFE 0.22 nM)2]
SE7F L7 A A veERse. digtel s el sslE Al
= mu}u‘rE/\J] KA A0l oJBkS vk Q) ZAPYA = 713 o
zzo] S1A3 A4 D10oA HI FE(0.49 nMy7F B=H o,
UAER AR HARAH 07 st hAaste] gAof <let A
D1eA] HAF5(0.07 nMy7F F5E ek, wba] FaolA] Pbe]
T s el dS Bl sl E s thebhdRere] 3kt
RS S Ao FE t7]E Fe e ol 2 Ao
AleEh

Ca) A, P} P FHEL Y ol
14

Nom,
FE7F ok 1.49)
9] #3}4(0.03-0.15 nM)7}

0.23 nMy’} 4, 2jAjo}

Aol ogks- k) Q)= It

AT =
A2k, —r@l‘)ﬂ

. 529l %}(

! o 1E+ w}aw Sajoll A cdol 5
PRI Q197 1°J HUh= #)7e] 380 2 o) &3t
I} -8 AAZQ @elof e A E).

3.3 Pb, Cde| =2} -.-2, 21| 25|

Fale) yEaRE 3 1~ a—H%sa} 25 1912 we} et
S Ao -Agte) el X ,

Bl 7195l mdonﬁe %311 53 H
A9 ek, Fale
el S5 A0 el - 9 1

o] MAdo] Am, 53] &5wA9} FEY —:Lx%ﬂ*ic %@
Ag-Eo1s} 3] Ao R 13l Ms/do] A4 o2 ITH(Shin
et al.[2005]).

B A717kel| AR Pbe} Cdo % E3Eo thet EFeH-2
G Tetabr] flste] ol Uist FEEEE Fig. 5ol TS
Aok T2 R0 PES AR Bar ol Aol Ll (B4l

o

3.06 °CE 7P whkar, W] Qs A3 Wl Qe -evet 23

Qa9 (D10)lA 22.16 °CE 7 =9k}, Pbi} Cde] %EF:E%

T2 10°CE AHoRE FE e
g T2 2o} Ak YRR

3o FEA S} AR A ) ‘drT
Pbe} Cd2 10°C o]3}ollA] 4=2-0]

FAZ SERFAT] w27 030 1 9] IH 3H‘TE-E]'

7P E}i ifﬂl UrEHO ™, 10°C OVJOHH% 25

A0 N 5 S 26

. 53] Pbe 7%, 11229 tivhdRrt A
I’_@.P_E _—I—_’-r]i =" ]'75]‘-—[& /\_‘P__,] 7]—/Kgl_ E%Eoi l(.);l;_:g 7]
/ol FEAAl YRSt

A 2 S IO S Shitel theh B Ha The A

_Yliz



70

130

Fig. 4. Horizontal distribution of Cd and Pb at 30 m depth.
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o ey deror = vivhhRe] el o= 84 D10l sellol A mlEEEEell thet s A APl e A
Adoz g2 GRS Holn, B wet A7 Sk vl Lo (Yang[1997]; Yoon and Kim) [1998]; Kim et al[2002]; Kim et
Ho] CdS AT M WolX) 9kl Pb Thh ZASN(Fig.  al2007), F3l DA e B Q]el o4 mjulak Agow
4), X%H}E,Q_l AL wolx| gt} Ed)] EESoa AU o] AREX SERAS yalel P s i B o oA A&
el B R e 0 =R fQlEe A 1ela SR AAESIH webs dAA] 2AR AR BE ARE TS
Table 4. Distribution of Trace metals (nM) in the East Sea
Korea coast Russia coast Warm region Cold region Reference
0.07-0.10 Yoon and Kim[1998]
Pb 0.15 Kim et al.[2002]
0.01-0.17(0.14) Kim et al.[2007]
0.49 0.06-0.11(0.08) 0.02-0.49(0.22) 0.06-0.21(0.13) This study”
0.12-0.19 Yoon and Kim[1998]
0.07 Kim et al.[2002]
Cd 0.24 Abe[2005]
0.10-0.52(0.24) Kim et al.[2007]
0.11 0.07-0.13(0.10) 0.03-0.15(0.10) 0.07-0.23(0.14) This study”

*East Sea coast:D10, Russia coast:Al, D1, El, R1
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Fig. 7. Horizontal distribution of Cu and Ni concentrations in surface water of East Sea. (@: this study, &: Yoon and Kim [1998], &: Kim

et al. [2002], @): Abe [2005], £: Kim et al. [2007]).
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