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2009 79 3UFE] 79 27A7A] gAlo} AN R/V LavrentyevE ©]8-310] 2lAlo} ¢1eko 2 2E] 47119] Line(D, R,
E, AyS e}t 33 30 m ] AlEE 2571 - elA Alste] Cust Ni 8] 55 24318t 392 Cust Nig]
T2 uwehd, Agrddo = HAlof Ak Cu, 1.51; Ni, 1.82 nM)E.T} ¢t} Faf Agte] H2(HF Cu,
2.87; Ni, 3.71 nM)7} 212} 1.9, 2.08] 0.0, W=l (< Cu, 3.04; Ni, 2.31 nM)> Y= (37 Cu, 2.09; Ni, 2.27
nM)°ll BI3l] Ni¢] 5%+ Bk Cull w25 154 =] VEFTE Cust Nif] 532 E 335 7= 10 °CE 7]
Hog FREE BAS 1ol Qi) 10°C ©]ake] #le) 7 #Alo} gty ARFEA 2] o], 10 °C ]2
12 254 S ARk A Fo] Ak Agolth. Cugt Ni- 10 °C o]l X (FR diEitA]) 4=20] 74sh
of| e} Tt STVeHE AR SHRFAIT] R TR Agtolu el Ret = YERE o™ 10 °C odellM =G
2 2SR FLo] S8k et FE) ST ke FAIRA tivl G0 JEkS vk Qe S EREA A 22 F
55 Holu gtk B3l 255l vF TS R FEE Falol EAlehe Rkt 2] 39 A ZRE 43 Y]
£ Bt A, 183 4,571 dAEA TS A E-gol oal] A E Y, thE dle] (xS, #Esl, dix R Cu
S =3 Ni9] Fke thh B vehar 9l 53] w38l @3- 524 99 Cu s fEvet Fel gt
th Zom, A ZARPAA 7P B2 S5 E HUSEA fevtel JE O 2RE U7 E 53 e JFo] A
=
=

Abstract — The distributions of trace metals in the East Sea were investigated during the R/V Lavrentyev cruise
(July 2009) in which four transects from Russia shore to South were conducted to collect 25 surface water sam-
ples. The total dissolved concentrations of Cu and Ni were measured using ICP-MS, DRC-e. In the coastal area,
their concentrations of Russia shore (Cu, 1.51; Ni, 1.82 nM) were 1.9 times for Cu and 2.0 times for Ni lower than
Korea shore (Cu, 2.87; Ni, 3.71 nM). In the subregion, their concentrations of Warm region (Cu, 3.03; Ni, 2.28 nM)
were higher for Cu than Cold region (Cu, 2.04; Ni, 2.28 nM). The distributions of Cu and Ni concentrations were
divided by lowest level at 10 °C of water temperature. In this study period, the surface water temperatures of Rus-
sia shore and Japan basin were lower than 10 °C and them of Ulleung basin and Sakhalin shore were higher. Below
10 °C, Cu and Ni concentrations increased when surface water temperatures decreased. Above 10 °C, their concen-
trations increased with temperature, which showed highest concentrations in the Ulleung basin, directly influenced
by flux from East Korean Warm Current. By comparing with other sea areas (Western Mediterranean, Atlantic), Cu
concentrations in the East Sea were a little higher and Ni concentrations were lower. Particularly as the level of Cu
in the offshore in the Ulleung basin were higher than in the coastal area, We can suggest that the atmospheric flux
of Cu is relatively important in this area.

Keywords: Copper(7-2]), Nickel(1]Z), the East Sea(5-3l]), Ulleung basin(2-5-+4), Japan basin(Q=4])
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LA 2

] vEEES SulEHpM~nM)C 2 4131 (Bruland ef al.
[1991]), &85l FU=d |7 =R s 542 7K 9l
oug el eAEARE EREHI ok o5 AE 5
(bioaccumulation) & & ofz} AENAS] HolkEE Fato] A4l
Gt 45 2] 7| AX = AESZ(biomagnification)
S ARA et

7ot S Fato] sk e R fFrilEE Cust Nil 2 A}
e S o E i, IR 2 (adsorption)=]o] $)
T YAPSEHS] A= o] A7 |7 At dllgrel EFE WA ool
w3kel o] gk e (desorption) Y& AA AHFHE fFYETh
(Koshikawa et al.[2007]). U= F€ vFe=5E AEZHIEY]
OARRE W iAol FAE ] siA= 7 HA Y, A5
FEL] Fali9h dRREE A g2t o] AAtERE 3Rk 25
HTHChin et al[2000]). 5 S5~ T2 4 v|HEES AEEHA
2] el Fa3k ks ah, o] 22] AsketA =8k 7w
8k} WS IA17) QIth(Matsunaga and Abe[1985]; Bruland et
al.[1991]). £3] Cu, Ni> Fo| 5<% (transition metal) > = JH A7}
aol7h=d] Adaou A1 AEAlA S5 55 A9 54
o7 2835k 4 Qi

ool Cu= F7 8 A= A8 (Tankere ef al.[2001]),
A QF BSFoll = 90% o) do] 85 AJHIE -3 S (Helmers
[1996]). S=dH1e] T2l vt #7182 5515 olFaL 9lo
o 771359 Cuz T2 CuCO; JEO|AY CuOH S| HEZ &
A8 (Yang[1997]), Cu*'= F71BENS] 5~10%F 74 $H(Donat
et al.[1994]). F3EToNA F5UAFE] AFAIRES 327 ol o)
FS AT 1.5-15 hre]™ (Migon and Nicolas[1998]), Cu®] <2
A= BTN =2 el wet FAsAY el wet Skt
& M) SA e wet vhkst FEE HRITK(Yang[1997)).

FEE ) St B dllrelli] NIt T2 85 AEI= EA8H,
719 Ee] Nil- 2 NiCl, NiCO,2] FEE EASHH(Yang[1997]).
LA TR = S A7 12533417 67% SITH(Donat
et al[1994]). Ni2] S TS0l A AAT] AL 5ol ARk
= g gelo] x5 T2 YePAth(Fujishima er al [2001];
Kim ez al.[2007]; Norisuye et al.[2007]). Sargasso sea®l|4] Ni> 1
Abd 3} =8 AAS B9 37 (Jickells and Burton[1988]), A1 BT <k
oMz Ak B WlopE} Cd P =2 VIS Hlth(Mackey
et al.[2002]).

Sejuloll A wjEgEEel] Bt A s A whbay)e A 3
T gl 2 4359 ™ (Hong ef al[1988]; Lee[1992];
Yoon and Kim[1998]; Chin et al.[2000]; Jin et al.[2000]; Choi and
Lee[2001]; Hahn er al.[2007]), &3lloX 2] A7 LF- 7o =
&he]o] Qlth(Yang[1997]; Kim er al.[2002]). -3 27] 7 2] 44
W A7 (Yang[1997])0114] 40°N H55: A5 B35 olito] v

o] JFO0 T w2 Cu T 74 scavenging EES Kl

& A
HHd, 40°N Bl A A 07 g XS Bl oM, Nig)
FA AT 40°N TR AT fARE FARES W]l wb
H, Fa el YR Bt dolst EE vehdlar gletA s
Aol wpe} i) 22 v e ARSI B
3 Agkell A &= viFaSe] AdE FALE AT (Kim e al.
[2002])0l14] FEAlel= TSl S el whet Ak S7beks
EZ Wl vk, sk FAAlolls Be] JROR EFelM 1,
RZ olellM FA8] fhshs 4 HEE Kol Alde] mE W

92 ANt Gtk
o|5}o] e

T i oR @ e Gl ik, g
=
.

o
A 25 oIk, mebd] o ATE Bate] S5 Wil
ohiet Balel 71 2 WS As s YREAS T

A7 EAR Al IAIE T skaat sl
2. THE I

20091 78 3UFH 7€ 277K 2Alot ZAMA RV Lavrentyeve
o]galo] Ajo} Ao 2 HE] 4709 Line(D, R, E, AYS W} 25
e AReIA 2T AEE Aste] EAsIIckFig. 1).

|E UFEE A4S S A S GoFlo A571E HlE] AR
Tk 5 Aol B maze]] AgAlslo] ARgsIgi o, AR 9
g 2949 7FsAE wiAlsl] Q18 74 30 m 59 s E A
SISl AGe AlEE SA] 79X (Clean bench) WiellA] wlg] 4k
A E 045 pm B oA o] gato] 7t o Feint. =
7] A3t sl R A B A7 AlFHESIL, o] S 35]
HHE AAjste] AlErolu £7]00] 25t 99 FAs)sigitt. o7
Sk AlZ+= 500 mL A1 = (low-density polyethylene; LDPE)! 7]
3L 3% (Ultra pure) HNO,(Merck)E ¥o] pH 2 oJ8}= g3t &
Hd® o]F xislo] A7 Wt Baksigict.

L& nEFgE FY AE BE A37]5= HCIEF HNOE
o] g-sto] mlg] AbAH T 5 ARE-EF
and Parry[1996] & W5k, APDC/NaDDCS®} Di-isobutyl ketone
(DIBK)Z FZ3%F $ Hg® 9F-Esto] fFdEat=nd gy
7](ICP-MS, Perkin Elmer, DRC-e)= 14151510}, Al 552242 Alg]
d BRE 98 ANutt sl £FEZ CASS-4 (NRCC, National
Research Council Canada)s A 5.9} FL3HA =510 74390t}

Al W] SRR FF FAORREH A& RFELY 358

. 959 F52 Batterham

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

Cu(nM) Ni(nM)
Certified values 9.316+0.866 5.350+0.511
This study 8.477+0.320 5.640+0.282
Recovery(%) 91+4 105+5
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(recovery)e Cu 91%, Ni 105%C|™, TFHAE Cu 4%, Ni 5%= U529 EAE 71X H36ER-(NKCW: North Korean Cold Water)

A 492 2F)d-E A8 5= ISITH(Table 1). 2 8leITh 400N QIFelx = BAtsk= Fehdel welshs Hgh
Fr7F AR o T 54 wet A48 3798 (Choi er

3.4 1 al[1993]; Cho et al.[1997]; Jeon et al.[2012]), ©] AA12] Qo=

SR BelEo® Aldehd 271 Sy, Aokl |, ElERE

3.1 TARNCIO| 41| 9 FHE EA AP Za EAEESY e =T =E FEFHKim and Lee

SHE ¥ e F2AL T 7198 tivhdR(TWE)  [2004])(Fig. 1.
7h ik e S8l sl e fdwar, vivhdie] A= seuet s3] Seel] gt AT Avh= ZAts|d 2 A7) wt ohAs &}
&l A¢kE3hdR; EKWC: East Korean Warm Current)Z} L& o]7} 2101} 19994 3}A) o)l Yl 423 (Kim and Lee[2004])0114=
Aok wfet BAdshd Fallol 93 4 TSt B BReled e 71haEleTE EAES Wt TSW(Tsushima Surface Water),
o= Ao} ks we AR AF 2] 2WkkF(LC: Liman Cold ~ TSCW(Tatar Surface Cold Water), NKCW(North Korean Cold Water),
Water)’} St R AEIG7EA] Galsh, guksks 7199 =yirl=  TMW(Tsushima Middle Water), LCW(Liman Cold Water), ESIW(East
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Fig. 1. Location of sampling stations and schematic map of the surface currents of the East Sea: LC: Liman Current, NKCC: North Korean
Cold Current, EKWC: East Korean Warm Current, and TWC: Tsushima Warm Current (modified after Lee et al.[2009]).
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Fig. 2. T-S diagram for all the stations on four transects in the East sea of Korea.
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]
TSW 19.47-21.51 32.39-33.71 Cho et al.[1997]
(Tsushima Surface Water) >20.00 >34.0 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]
™MW 11.01-16.63 34.28-34.50 Cho et al.[1997]
(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
TSCW <20.00 <33.50 Kim and Lee[2004]
(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]
NKCW 1.00-7.42 33.98-34.18 Cho et al [1997]
(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
ESIW 1.20-5.00 34.00-34.07 Moon et al.[1996]
(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]
ESPW 0.37-0.93 34.05-34.07 Cho et al.[1997]
(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
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Sea Intermediate Water), ESPW(East Sea Proper Water)).

Q0] ZAIREESL A F5el B5E 42} o] An
ZHE] TS diagrame 273510 Fig. 21| 281910, 58] sl ellr
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2doll 9031, A2 ZgellA TSCWS] &5 71 wol wbar Qltk 1
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o] Jaks vl gk B AR AFolMe AR-adl s 8
2ba0] FIAFSI(ESIW)SF A2-1d 5k 240 Fal| -
T(ESPW)el| 2J3l] F3ks wtar gt

wpEpA] 2 Aol AME BF AR TR dvhdRe] ARE
A Bdehe 112 A Q9] UPRESS(TSW), 28 =T3ljellA Ef
B2 84S Bl ol s A=A SH(TSCW), 2
T (LCW), J38R-F(NKCW)2] 35 739} tinpdiss
F(TMW), F3llTT(BSIW)S] T5r7 E38% Fa=2A Z4
B2 A2 O 7 AolahAl £3E 5498 Holal giot.

v B8 ARE A5 30 m 50 ey o] B

W 2 BEE Holu 54 O] S FEoE whdkEnt xS BR(Fig 3), 4 AlelA 4°C ofste] st fdE o] A
(Fig. 3). R Line ol4:= 3 R1,27F TSCWF LCWS] &5 Hgo} ¢Iqks whet Jlsle] D234 7k4] &S F=a1 9lom, A
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LCW F229] 957 Zooll $1xI8kaL 2lth. R Line Folli= LCW 3l 31 9135 & 7 St} 24942 tinha3(TSW)2] 234
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HARek 874 E2,3,45 TSCWSF ESIW, LCWS] 31401 A4S Sl A% D6, 7014 71 =8k om efajof dAto ® A5 oA
Holal 9ltt. A LineolX= A7 Alo] TSCWS} ESIWS] £ Zhashs FA1E Hola 9lrk
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Fig. 3. Horizontal distribution of temperature and salinity at 30 m depth.
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Table 3. Temperature, Salinity and Concentrations of dissolved Cu,
Ni in the East Sea

Subareas Station Temp. (°C) Sal. (psu) Cu(nM) Ni(nM)
Al 3.76 33.91 1.49 2.12
A2 8.65 33.76 1.36 1.92
A3 5.02 34.07 1.23 2.20
D1 9.05 3345 0.77 1.56
D2 3.63 34.01 2.72 2.45
D3 3.32 34.04 1.60 2.66
D4 3.90 34.03 2.35 0.97
El 3.99 33.63 2.38 2.32
E2 3.08 33.93 1.94 2.05

Cold

region E3 3.23 34.05 4.85 2.69
E4 3.06 34.03 2.85 2.81
R1 5.74 33.71 1.41 1.28
R2 5.19 33.74 242 2.67
R3 4.07 34.03 2.37 441
R4 4.40 34.07 2.26 2.23
R5 6.81 34.06 1.16 2.48
R6 4.90 34.04 1.49 1.97
R7 6.58 34.06 2.97 2.05
aver. 491 33.92 2.09 2.27
A4 16.13 33.88 1.46 1.21
A5 13.91 33.82 2.70 2.26
D6 13.15 34.21 1.30 2.16

Warm D7 15.52 34.20 1.73 2.28

region D8 17.36 34.03 5.46 2.67
D9 19.03 33.74 4.89 2.71
D10 22.16 3345 3.71 2.87
aver. 16.75 33.90 3.04 2.31

3.2 #50IM Cu?l Nie| £HEE

FAPIRE 53E Bl 5ol ZARE Cusl Nigl 5555 Table
3o eIl o, 550 48 E Fig. 49 TAI8ISH-

AHA 0 2 FHIE 40°N F-of Wdslk= 34 (Polar frontyS
ZAAIZ d5d (warm region)?} ¥4 (cold region)OE T-E-51A]
TH(Choi et al.[1993]; Lee et al.[2003]; Kim and Lee[2004]), &
ATl -2 10 °CE BAR st G 7 Wr9e T3t
Rom, Gl 2 25EA |, ¥ Ao YXshe
Foolt}.

Cu®l 3¢, ¥ urh W=rolo] F7k 159 A= A VR
o], D LineolA] glA|o} AgtellA &34 HalshiA 557t
71, 3 45 D8, DI ZAKS F 255 (5.46, 4.89
nMy’F #=H 00 o5 78S TSWEF TMW 9] &81=3] (Fig. 2)
B4 A F=at A, erlofe] Sl SRSk Sl whebA
Aol vt A= Fall sl Ardve dirbdirE 59 a3l
A3 Al YR EE 7S 53 799 g3fo] 2 HoR AE
ek, Yool alo} Ak Aol Slalz 455 Srhsic

Ay

ThA) 2Hashs FAloln, el a8l 75 Fehs A Lined]
A= 2o} Agkdel|A] Alsk o & Felkabia] 7Rttt AFeR
Q1 Aol Z7lel= kg Hola gtk ARk Q1 A (A4,
ASYE ZAPFS] 0] 10°C oo thta|E o 1% v}
G HEE e R fE s AR (Kim er al[1996])0] $1X1
oA UHTJ oJ8ke W= Ao} wEhi] Eaf Yaelel] &
A8l WRgeo] o3 HAlo} deked M} Cud] st A BEE
PRSI e

Ni¢] -9, bz Yl e %
oMz Brlol Ajke whet ST
 2Jal|&: ol o) 57t thh A Vel o n ) AlEk
T Cul) BES) SAVEHA BlAlo} dot AH R
£ H]lt}
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3.3 Cu, Ni2| SE2| 2, HE22| 2t

S3l9] SR E Wrddels AT} Het Abs wt
slah= A4 e glntelel HetehTrt tlaizlolH, v
HEFEFelA 71dste] digleldg 53l salE FUEE 1
1A thepeh, Sk wet HAshs FehdrrE iz o]
olgl3t i Fe AP o® T8 FAY F7E 1 A7) 9 ek
o] Mol A, 53] S8R9} FEaS Aol & vherst
Ag=ol9) allire] ARIOR Qe MEAlo] A4 o & ATH(Shin
et al.[2005]).

B A7717 e 2ARE Cugl Niol F5E 320 thdt 5 Fe

FEE Tl Qlste] el tiEk v

Iﬂr T8 o] FES A vl Sl HAlot Q)8 (E4)ellA
3.06 °CE 71 S¥8kar, WHre] Qaks A3 Wl Qe felvet 2
g 93 (D10)elA 22.16 °CE 7 =34} Cust Ni| F -
T 10°CE AHORE s 5498 Kol 9t} 10°C o]k
ol = gjrjo} Aokl YEE o] Warelo|u, 10 °C o)A
e oA ek A A o] deee] Aol Cugk Ni
10°C os}ellA] F=2-0] FrAgte] we} 57} Tk A= o
FrAE] FE7E Aty 289 Al FEt
Al YRk, 10 °C o dellM= 257t S7Fe et w27t 5
7V FAIEA tirhdre} /1 ?ﬂ(rall%a}&?} A2)e] A34
Q1 Jgkgeo] %L %i“% 1011*1 e =g I U =

BE}E A el
379l Cust Nie] &7}
D19] Bt R AE S gk
o} %x%o] ﬂ°H Xﬂx%oﬂ H]OH
Ao] Wal, elito] Skl wht njgaEe] sEE Sk
A Bolal gtk 2elvt WerdellA = dinhdie] Fakel
A= 00114 g o F vk RS Holn, Akt u}
A %7}9} HEo] Cux T7Fshe 1t

3L Q1O HK(Fig. 4), Zﬂ‘i J e Hol#] o=

S AR kR

rlr
Mo =2 mf
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Fig. 4. Horizontal distribution of Cu and Ni at 30 m depth.
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Zolr =8 22 Q) OLK(Yang[1997]; Yoon and Kim[1998]; Kim
et al.[2002]; Kim et al.[2007]), YEEA], &ZHA|S L3tst FH
Qg A= ATelA] A5 AAE A b @R 2AR
ATe] ARES Fasle] sloldz AN FE BEE Table 4]
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Table 4. Distribution of Trace metals (nM) in the East Sea
Korea coast Russia coast Warm region Cold region Reference
- - 2.7-5.8 1.6-2.4 Yang[1997]
3.2-3.6 - - - Yoon and Kim[1998]
Cu - - 1.26-6.14(2.68) - Kim ez al.[2002]
0.94-5.02(2.64) - - - Kim et al.[2007]
3.71 0.77-2.38(1.51) 1.30-5.46(3.04) 0.77-4.85(2.09) This study*
- - 4.3-7.1 34-54 Yang[1997]
2.65-4.62 - - - Yoon and Kim[1998]
Ni - - 0.20-3.41(4.77) - Kim et al.[2002]
1.81-4.67(3.19) - - - Kim et al.[2007]
2.87 1.28-2.32(1.82) 1.21-2.87(2.31) 0.97-4.41(2.27) This study*

*East Sea coast: D10, Russia coast: Al, D1, E1, RI.

FEEET Cu, 2.87; Ni, 3.71 aMyF 2 1.9, 2,080 3200, 4=
(83t Cu, 3.04; Ni, 2.31 nM) 359 (3+F Cu, 2.09; Ni, 2.27 nM)ell
HJ3l Nigl "5t BISssHARE Cu) s 1591 A Vet o
HFA 0 & w|edadre] ar AQkellA] HH] 4] 0.3¢le] Jkow
Rt 557} A YeR s 3] 912 (Kudo and Matsunaga
[1998]), AtellM = ti7]2] el vldl =2 s &3 %
v} ko ® HElS] AHAQ] §4] JFoE FEE TVMAIIE &
Qlo] gk, wjeba] gAlo} Aglel vlal] f-glue} Fal AN &
A&7 FE 9 kS o wWol vk 98-S o = Qlrt E3) =)
o (Yang[1997))3} 5= FH&| A (Kim ef al [2007])14 A oA+
B 2k}l 2 Aol Ak ARE vws] E o, cull - vl
T AR F5E 2 WA, Nigl A, tha 32 w5E H3E
o) o] S5 X9} Sl EA AT thFst Ag-Eol9) dlF
o] ARl o R Qg WAl Aoz 7] wiitel A 3
A sl PAPE vk A Vet Ao 28 4 Qlk FEle]
FEE F710] MRS (Yoon ef al[1999]; Cu, 1.84; Ni, 3.87 nM)$}

sl & w Niol T tha v v Cu w2 UER
O F= Weddell Sea®] 33 5~(Safiudo-Wilhelmy et al.[2002];
Cu, 1.50-2.55: Ni, 5.10-6.84 nM)¢} B3l E Nif] S5& tha o
2 Wb Cu 55 3 YERIAL, A%k (Kremling and Pohl[1989];

jus

Cu: 1.07 nM, Ni: 2.33 nM) BU% =7 ZALE I} S8l 9} 7ho]
WA Rl EAE Kol e AMAIFelolA] ZARE Cust Nif
FAREE B AR T oS Holal ok Ni AEAe] 2
B ATOoE FFEo] EIEoRA BFHTE AT Tt B2

QJople] $A R} FAI W, Culs EZoIN 7|2 B3 §

o.
0;
d

Ue dAIBhE Bl S SEE Kol H FFolA vnH
A3} 5% B S LERSITH Yoon ef al[1999]). WA o= &

AR §9) Gk slregiel o3l vlFLe] 27t A
S, o) EF5 TR SRk Cudl B 1 Nie Y
T SAL 15l eRa Qe 53] Bl w254 o
o1o] CuFEi elutet ol Qghart ow], 4 kel
A e HEE nY oA eele QRO 1S 5
o] Aol Ao R 2 Ao Fed & o

SAS} YEEAE 2T Falle] A AN B¢ F T
ge} YA =R 2AlslaL B2l 2Ql aAkele] WA
slarat 33Tt Aol e Eale}t A™ERE Cu, 1.51; Ni, 1.82 nM)
Ho} 9evet T8 dAgke] S=E3F Cu, 2.87; Ni, 3.71 nMy7} 2}
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