#EDHZE (Oceanography in Japan), 33(1,2), 17-30, 2024, doi: 10.5928/kaiyou.33.1-2_17

— 2023 £EEFFEFSMENZHRSRL —
B R AL AR L RS FE ik D BaSE & 2 g g~ DIs ™
BRI
E |

BEICBWT= vy 7v, i, Wighs EOMESEIX, pmol/kg~nmol/kg DIEE T L 117
TEL 720, MEEYIC L - TEKRERSLHERE LU, FHEFIng <, LEFM
% T o 72 K iR S e O IR L Y HIBR LG 7 o X o BfRE T — < IcifR %
fToT&7, ()MKbh=yron, fH, HEaFEMELOSITEZRIEL 2, KEiE, WK
= v, i, HEORNELE —FICOITTE 270, BUHITERILL 72Kk 5
W T—% 24325 LA L e o 7z, (1) £~ FEEB X RIS B 1T 5 1A B
DEE & CHEMAEREAMEZH S 22 U, WIS T 28O LY IRAGAIEER 2 0 6 5
Uz, (ii)) B FBIC BT 2=y 7L, i, HShoRMEEDHEEHS 2L, R
W bl FERENOHESBOMIE T ROV THL T Lz, (iv) FY FEic
B AR O = v 7oV EEO RNARIIITIC & - T, 206 ok TEMERE O
TROHEE % 1T - 72,

F—T—F MBILE, FR, Ok RN, EYHIEREER

L. Ui AoV, =v b, i, #igh, AR IV LR EDIEY
TIv 7 b ORIRET LRSI ENTRBRINTL S
BB W THESEIX, pmol/kg~nmol/kg DIEE (Saito et al., 2008), ZD—J7T, WELEIIHY &
TLOHIEL RS, MHKERE L TEED—RAE LTERAT 2 L5 TWw 3 (Quan et al., 2016,
DOHIRET- & 72 %5 (Moore et al., 2013) . HEAFER Echeveste et al., 2012), ARTEENIC & - THEEATH
R, mfOE, KPR E oM T, Y v Shd NlEMERE BF, A FIvLa, hkl) o
W7 COTHEEEENEEICH I b6, #ko  HMCkoT, MW7 I v 2 b OB L EFETIDE
RRRICk->TH TS v 7 b roEERIHIEA T S DB L bE I T3 (Quan et al., 2016, Pay-
ENRELLFIENTWDS, £, ghicinz T, ~vHv, tan et al., 2009),
Ih o OWMEREI, EYEE), BARKOYIIEER, [&H
RHIR & O EIER 72 £ O EYHIRALZIERRIC X - T

20234 12 H 19 HZMH 2024 42 H 10 HAZ#E

BN HAMEY S, 2024 4F &8 ¥ % (SCOR Working Group, 2007), HGiEEEIC
B ERIge iyt
s B 2 MIRSBOMEEMS T LT, W REEDL

T611-0011 FEIFFHAT T EEAH
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B, WEIEHEREY) 2 5K QYRR A EILT 5 & L3
BEE 7B, TNET, BHEICB I IHESEOERE Z
DS H BREHT 20 AN 2SN TERLD, B
EF—2 oA THERBOEM R EREMAT S Lk
KEETH o Tz,

FEHEIIhE T, FAMELEZROIBERRICBT
WESBEROBIHE 7 — < ICHf% %2 T > T & 72, MR
SBORMEIE, EY~DOHELD AR, BT ~DWRHE 7%
EDEYMIRALAREIE B & OB & o A EfE T
ZT 5720, BREFOMESREOEIRCIERZ A % i
Ji7x b L—H— 73 (Wiederhold, 2015), AR T,
MESBEFRAA LD ITE ORI E X 02 0ahrikzE Huv
T AL RIC O W TN T 5,

2. BKPBEE=- v TV, i, EIRFEIAAL
Sk

BILEO AN, v VvFary s —RICPHE
aHrEEE (MC-ICP-MS) oBi¥sic X vk L 7z, MC-
ICP-MS 1%, 44 AUEEPREL, BEEALDIEZH
ETED, IHICHARDOEANEG TH Y, HEHOff
S AR E S ARETH 5 (FH, 1996), LA L
HEKEARE 2 EEE MC-ICP-MS 128 A L TR S8 A7 i
EHET 2 EETERY, 2R, MCIICP-MS T
O [FIALAA R E I A EE 7R iR (B0E nmol/kg M F) (<
ATk ESEORE XKW 2o (% nmol/kg
LUT), 2L Ok oEiREOEIC X o CTRALEK
ENYHEIND D TH B, MKTEDREDFRMAEL
ZREHECHIET 27201213, #Hkr SHMESEZIBET
5L EHIC, EERET D OHEREERIESLETH B,

KifFZeTix, =L v Y7 I v ZEERIEAE T 5 NO-
BIAS Chelate PA1 ¥ L —  tfg (Hitachi High-Tech-
nologies) &MUk 7 v €= LE4HT 5 AG MP-1M
b=A A4 o sZHfstiE (Bio-Rad) & Mw T, WAkho=y
Tov, i, HEEREAA LTI E RS L 7o, REEICO W
Tix, = (2024, HASWLES Totrfbst o4
BTE) WBWTFHLIMEHT S0, 2ITlE, Z0
WMEZ2BRZIZEED D,

NOBIAS Chelate PA1 fif i % A4 L 72 5 L 1< pH
% 4.6~4.9 I[CHE L 7K ZBR T 5 2 LT, i

KICIEF T REGFE=y 7L, i, HithzHET 5,
0.1 mol/kg g 7 > & = 7 LA L K2 @il L <
WEE 5 9 L 5B L7, 1 mol/kg fiflE 2 8@ L
T, BRIcHES N =y 7oy, i, HRZAMT 2

(Takano et al., 2017), & DEAEIC X T, KT = v
oV, fH, HghE 98% Ll E o R T 100 500 ko
M9 % L RRHCHBREO FETRTH ST NIV L, <7
FTU L, ANV T L, BiEE 99.999% M EERET 2
ZEITES,

MC-ICP-MS T® = v 7 )v, High, §H o [F A7 lE
CBWT, Zh5DnBRIAVICTHBLL, %7,
NOBIAS Chelate PAL g4 5 LM T= v 7L,
migh, & b ICRSNDEL, F2 v b RMEH
HlE i T 4 % (Takano et al., 2021, Mason et al.,
2004), % D 71-%, NOBIAS Chelate PA1 fthg 5 5 L T
L7230k %2 AG MP-1M &1 4 > 5 fafstig h 5 s
AL, ko= 7o, i, HihEHAICTHT 5L
EDHICHEMERIIE I TW T 2 0EE2KRET 5, NO-
BIAS Chelate PA1 #ll§ 7 5 4% v Tl U 72 30RHATK
% ZRFEWIE X, 7R % 9 mol/kg BEfE—3 mol/kg Kk
RAWICHEWNART 5, ZOBEREEA 4 5K HsiE A
JLICEAT 5L, i IRIREIR AR L LT, A A
YRIEIRICIRE T B, v T IVIRIEEAERE LR
v, B EE A, X512 15 mol/kg fif#E—0.7 mol/kg
W2 @K T 52 L=y 7L Z&EINT 5, X2 4 mol/
kg SRR 2 IR 9 5 C & C#iE, 1 mol/kg hHEE % B3
5 ECcHigh R AT 3 (Takano et al., 2021), & O
fRlickoT=v v, i, iz Zn 2N I 99%
D EDENETHHET 22 LA TE D, DK I ICHHE
L 7zik k%2 MCICP-MS 10 A L CHlET 2 2 LT, #
K=y rov, §H, sEhFEM R E R T2 &
MWTE D,

KEOH R T EBDTH D, (1) 1 DOlkH»
b=y b, i, WO RMELEZSITARETH b, R
B2 c ATz 2, (i) bTr EREOTEHR
ECaNTaETd b, Ml ORI EEL D 7 v, (i)
=y 7oy, §il, HEInOEINE G, WEE EEICkRE
TE3720, EEEZRAMELT -G 605, (iv)
NOBIAS Chelate PA1 ¥ L — + EAH i H 2 8 2 il
BRAEET L LT, RART7u Y, KPR,
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iz LoD o afgETch b, NAEIE
(Takano et al., 2020, Takano et al., 2021),

3. BEICHTIHOEYMERILZBIRICE
ER:LE

B U 7o ik e v Tl ic 81 2 I FRESH O A1)
B2 BB 2B 5 A L7z (Takano et al., 2014),
iz Clic o R Tl (GE 2015, &
BF 2018), ZZTizzof¥EEREOWI L Abt T
95, L, BEZTIRE, BT EEROT IR
FoT =y, BEERONEL T v R EICEEh, £
ISR TR TH 217, HDKHIA A L 3AYIct - T
E#HTH 5 (Morel et al., 2003, Peers et al., 2006), g
TERIE T, AGFREHIZA RN 712 &K o TR FETE K
INTVD7BAKFIA A2 1F 10 mol/kg FLE T H 2
(Coale et al., 1988, Moffett et al., 2007), A7z,
KFFE, A ¥ FIRC B 28R E B & R AL OSE S
fi =B 5 52 L7z (Takano et al., 2020, Takano et al.,
2017, Takano et al., 2014), $fFE A& 1%, EHEYE
NIST SRM 976 Cu 75 D T3 ff#£TH 5 0%°Cu TEL

Hrl‘:t:l
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Fig. 1.

72 (X1,
dGSCu%OZ [ (GSCU/GSCU) it / (GSCU/&CU) Y 1] X IOOO ( 1 )

KA REII D 0PCu 13, +0.4~+0.9%TH b,
FEREIZHRTHEE (<150 m) TE» -7z, EEHEKIC
B 2 EMAE D2 ET 2720, REEKFO
0¥Cuz B E oWt LT 7ay kL7 (Fig.
la), 2 ClCHE I NKEKER (Takano et al.,
2021, Takano et al., 2014) & W JIl KK (Vance et
al., 2008, Wang et al., 2020, Takano et al., 2021) @
A D FITR U e, RIEHAKDEK, K, PEEE
KOBREYTH D ERKET S L, REVFKOIRES X
CRINEHIE, 202 hoVHEfE%REA 72 =ZAEo Nl
DIEZFFOIZ T TH 2, KEHAKO 7oy MIZD=
AL b b A (FREM) i 7a vy FShiz, T,
Bk, WK, EREREK D> & 35 S 72 D3R I
BT, RESNLILERRT 2, CORETBLR
ELTEZLNDDIE, WY TS0 7 P itk 2HL0iA
HRLZOERMANDBETH %, SRENZELLTWBIC
b 6T, WREMELELS—ETH D LE, EPI
L BHDHL Y AR EWAETHEL ZRMEDHINZ 0

(b)
0.9
0.8 o
D
X 07 |
=
S
7S
0.6
@ y=0.0011x +0.43
R>=0.61
05 °©
0.4
100 150 200 250 300
AOU[mmol/kg]

(a) 0°°Cu vs. reciprocal concentrations of copper in the surface layers (<150 m) of the Pacific and In-

dian Oceans. The green, orange, and blue triangles represent the river water, deep seawater (>300 m), and
precipitation, respectively. (b) 0°°Cu vs. apparent oxygen utilization in the deep layers (>1,500 m) of the Pa-
cific and Indian Oceans. These figures were modified from the references (Takano et al., 2014).



20 SN

EERRRL TS, ZoREUE, BEERBICT 1 —
W RBEID 5& 6N T T > 7 b i & SO L
AR OMA L —ET 5, BNBEEBRICBLT, H
BXIE L A ERAMAESHI 2L &3 (Pokrovsky et al.,
2008), APEFEQBMIC B W TIE, WHEREORERES
KR TR O FNARILIC KR E RES R W Eh 5, &
YITRENC & o THEL 2 FNAERDBIAV/INS W T &R X
n7- (Litte et al., 2018),

WVERE IS BT 2 IRAREINRIE X, REICHARTE
Doty ThiF, FEFEEETHLY VBEBEFAL XS,
FE TR Z L0 A A 72 B 7058 TR T 5
ROTH B, FEOBFMRFEMAL (0%Cu) bEREIC
ERTE D - 7z, EYREHIC & 2 AN RSB ERT &
BIFENS TN, EYFENTFODRIC X > TERBDO
PCuMmEL 7% ki, WEERBICE T %0%Cu
WBHEBKOEMOBHZE R D RPTOBRIENER
(AOU) EIEDHMBEAH v (Fig. 1b), 0%Cu ARG
BROBETLEZWIC ERLTWAZ EE2RBT 2, AR
REfiE, WRREIC BV TR FIc & 2 ERE (A ¥ ¥
Ry D) OFEERBAZT DL EIMEIN TV
(Boyle et al., 1977), TDAF ¥ Rv ¥ v 7NEREIC
B MMM mE LR L Cws EThiE, ZDR
¥y Ry Yy r7BEuRME (PCu) RERMICKHRET
2LEZ6ND (EROEBVEREKTI®CuPE
&), HWHEICE T BIEFHOE2BREI O 0PCu o
i, $k~vH 292 FT40.24~40.58%, #Ev
7 v M3 T+0.05~40.60%, ¥FEEHEHEREY
+0.04~+0.32%0 (Little et al., 2016, Maréchal et al.,
1999), &k F-7+0.01~4+0.33%0 (Takano et al.,
2020, Maréchal et al., 1999), &i&ki+T—0.08~+
0.41%o (Little et al., 2018) T®H b, #FAK (+0.41~
+0.85%0) IZHARTEY, T 5 OWEIE, BwHEAL
MBI A F ¥ Ry PV 7 ENB LR 5,
COWFETIR, S5, #ARKTEERE L EMALE
WL BT AIAEHO Ry 7 22 F V2 EEL, A
FRESH DG — it — R BRI h b DK T I v 7 A%
€ L7 (Takano et al., 2014).,

4., RIOFBIZBTIBEE=v I, H, &
EALYop]

Wy FilgE~E, 7Y TRROMIITSH 2 RILE X UK
K[EMALTC, BEIE AZRERYE (Yinetal, 2015,
Guo et al., 2016, Hsu et al., 2010, Xie et al., 2016,
Zhang et al., 2020) AT 2 Z EPH 6N T B,
W FiEO R ZEIL) K HET 2 {855 0 RIL
TR DHED > T B (Zhou et al., 2018), HH F i
ORIEAKIZ, BN X o TIERTPFRICE IEN S -0, I
HFOMEBSBEIMICOWE L2 52 5 eErH 5 (Fig.
2a), Wy THICE T 2IEFE= v 7ov, i, Hhok
B & CRAMEE 0N, 0%Cu, 0%Zn) 0951z
Mohricl, ThoDmFEORFEEZHS2ICL K

(Takano et al., 2022),

4.1. ZvyHIL

B FHEDOHIS DK 200 m LLEICBIT 2=y 7L
REE, PRI OIS (GRO3) BT 2=v 7
VISR L R TH - 72 (Fig. 2b), B F i R FEM
FicB T2 HIE (AND26) O/KE30m LED = v 7
VXY 4 nmol/kg TH b, R T 7 (ANDOS,
22, 31, 34) B X O FFEOME (GRO3) @
FVEE D=y 7 ViEE (2~3 nmol/kg) X b b HEIC
&7z (Fig. 3¢),

=y rovoRfEkE, X (1) CERICERSIND
0Ni Tt &Eh 3, EHEYHEICIE NIST SRM 986 Ni
% F v 72 (Cameron et al., 2009), > FifF 0 FEE
200 m PLZETIE, 0PNild+1.3%BETH b, Pkl
KFEEDHIE & ARETH - 72 (Fig. 2e), 200 m B
DOPNIIZH Y F i & KPFPETRE L B 5 (Fig. 2e,
Fig. 30, ML A FEEOBIMIcB T, 0"Ni &
Bz o T+ 1.7% % CHFNCIIN L 7z, KFEFECHE
KEHETHARODAEIMESNTE Y, ThIFREIC
BOWTHEH TS v 7 b rd=y 7L O RGAEZ 85
ICE D AT 72D TH B LR ST % (Takano et
al., 2017, Archer et al., 2020), —77, B F A -
5 7 @l E ANDO6, 22, 31, 34 T, 25~200m O
KECHMELBII S iz, £z, RILAFKOFEZ
iR < 2T B KEEM B oo AND26 T3, R#EE (11 m)
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(a) Station location and main ocean currents. (b)-(d) Vertical distributions of the concentrations of

nickel, copper, and zinc. (e)-(g) Vertical distributions of the isotope ratios of nickel, copper, and zinc. The er-
ror bars in (e)-(g) indicate 2 standard errors of the isotopic measurements. These figures were modified from

the references (Takano et al., 2022).

THRHEVOUNI (+0.75%) EHEnz, BT EH
B & ORI O EFEOCNI 13 +1.2~+1.3%TH b
(Cameron ef al., 2014), EizEEKOEFE NI 1Z
+1.6~+1.7%TH 5, ZDiH, BFIFEEKE RN
Ik @ Hiflize B AT, BILARKOEY 0°Ni % 3
TERV, INEHIET 2, BILFED L
A DR 0%NI & B IAFRE= v 7 L O G 23 6
Th b, RILPEIZLHEMER, ADDS Vv, RIL
O LHEPHTH FK2 5O AIC KD, VAFE NI RED
TS CABICHEINT 2 2 LG shTwb (Wen
etal., 2013), O ABIEIK= v 7 L HE 0PN %
DM B B D FTREN: & LTI, 0%Ni Dffwv =
7OV E G OHERYTh O kA4 X o KIS LR

T oRm»EZ 55 (Revels et al., 2021),

W FBICBIT b=y 7 VOEE 2 RS 5 7012,
—yrVEBEEoMEICH L TI¥NIiE Ty L&
(Fig. 4a), I F#D 200 m LLEDF—4 D% 13,
PEERAL A PE o oK - EIEZK (>800 m GRO3) & &
HFREAK (<150 m GRO3) Z#EAZEM Lic 7wy b
SNz, HEF#HED 200 m PEOTF—2 D% IE, £
TLATBRIK (<40 m AND 26) & BiREKE KA 2 E
M7y banl. k7, WY FBOWL 2hDF—
2%, RILATUK, BWIREK, KFEdiE - wEkz
BARZAEORMANC 7y F&ni, Zhi, HIF
BT BIRFEE= v 7 VIBE B X CRMELO 5D
RILARHUK, RREK, KVPEHE - EEAKORSIC
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Fig. 3. (a) Locations of stations in the East China Sea. (b) Cross-sectional distribution of salinity along the red
dashed line in (a). (c)-(e) Cross-sectional distributions of dissolved nickel, copper, and zinc concentrations.
(f)—(h) Cross-sectional distributions of dissolved nickel, copper, and zinc isotope ratios. These figures were
modified from the references (Takano et al., 2022).
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Fig. 4. Isotope ratios vs. the reciprocal concentrations of nickel (a), copper (b), and zinc (c). The orange,
green, and red dashed squares represent the ranges of data from seawater samples obtained from locations
shallower than 150 m at GR0O3, deeper than 800 m at GRO3, and shallower than 40 m at ANDZ26, respective-
ly. These figures were modified from the references (Takano et al., 2022).
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Fig. 5. Contributions of Changjiang diluted water (a), intermediate/deep water of the Pacific (b), and Kuroshio
surface water (c) to dissolved nickel. These figures were modified from the references (Takano et al., 2022).

o THBEENTWEIELERBRT S, TO3DDT
YRR VN— (WD) O=v 7 IVIREE - FAAALZE A
WOIREE & AR O EIN A ZE CeT, "y
HFCBT D=y 7V oltiiZ2 ERNICHEE L, BILAHN
Kip oGS NIz = 7S, Wi F 5 7 ofikEAY
MWoTwbZ EEHLPIZLE (Fig. 5),

4.2. #H, #=in

H o F 5D D KE 200 m DL B 2 86 o0
1F, PEEBALACEREDEIS (GRO3) 1281 % M E & [
FETH o 7 (Fig. 2¢), H F i DK 200 m DL
BT BHEEZ, 0.4~2.7 nmol/kg TH b, dLAF
PO K 200 m DURIC BT 28l E (0.4~0.5 nmol/
kg) 1A TEY (Fig. 2¢, Fig. 3d), #y 70D
FALERL (0%°Cu) &, PEESALASERE & A 494 %
¥ (Fig. 2f),

FIAR A AR TRILATUK I B 1T 23RS
{, B SO H 5 2 EERT A, 0PCuliFiE
LAEZEDLw (Fig. 3g), Zhik, RILy»so#ashn
2 S D [AALA s R B K D 0°Cu (+0.5~40.6%o)
LABETH LD THDLEELZOND, RILOKHFHE
0%°Cu lZHiRE T +1.5% T dH 523, HHSEG DAL - BE
PILFEIT &> T Cu R S N B - OIAFEREOPCu 25T
TICED > TRA A L, THEOIEE A & O A
TIZ+0.6%FEE & % %5 (Wang et al., 2020),

B F D HI S DK 200 m DLEIC B 1T 5 HEhiE
&, PEESALAEEEOHI A (GRO3) kB DA% L
7z (Fig. 2d), > F#EDKHE 200 m DLEIC B 2 H
$MEEE X 0.5~1.5 nmol/kg TH b, FEERILA DK
V200 m DL B8 2 HEhEE (0.2~0.5 nmol/kg)

& by ekmicE Yy (Fig. 2d, Fig. 3e), Hgh o FA7A
iz, X (1) EFEBcERESNE0%Zn TET, Hih
[E A7 AR L o EEHEY) 12 1k, JMC Lyon Zn (Maréchal et
al., 1999) %Mz, B Fi#DI%Zn 1, A% 200m
DU C PRI & ko o fi 23 (Fig. 2g), K
2 i 200 m LLE® 0%°Zn 1& (—0.30~40.04%0), 78
AL A2 200 m L 0%°Zn (+0.10~40.28%0)
£ bfEv (Fig. 3h), €\ 0%Zn 13 KB Lo BILAR
KEZFTHL, LT 7 b Bl R, HERNIEAS
BEFEAKT 7T r Y VIcEEEh, 200%n 3Ew
EDH BT \w B (Zhao et al., 2021, Natori et al.,
2023, Liao et al., 2021), Z D7z, AARFEKGT7
oYV OWES, W FiERE BN S hz kv 0™Zn
DFERD—2L LTER6ND, RILMIIKOEAET
REEIX, = v 7 Lol L AREIBEE VA, RILA
PUKOHSHEE OBIINIE, = v 7 UL8liE BTl
Vv, TOMHE LT, RBILY 54 S 7 dlERAs A
AND26 ISE X 3 £ CIchEY 75 > 7 b vic & - T
hikgh, BREINLARESET NS, HHEOHY
Ty bR, =y S v, it k%
CMbiAL 2 E2H|E SN T3 (Twining et al.,
2013),

=V EAKRIC, #fE IO W T HIREOMEIC
RN U CREA&E (0%Cu, 0%Zn) % 7wa v F L7 (Fig.
4b, 4c), = v IV EFRR D, WY FEOME X i
i, BAAR =M (RICAFUK, BEIREK, P
HE - EIEK) IRATIIFBATE v, ThiE, e
saosiRA & b bR T oY T e e X (4
WNDHDIAR, AFvx_RUIvTkhE) OFERRL
BBz, HDHLIEINGOTLESRILAIIK, Hif
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KEAK, RPEdhE - BEAKNUA (Rax7e v, H
YR L) »obifaIhTwrdZeER 6N 5,

5. mYFBICETBEERFHROZ Y T,
SHEIALALE(ICR T 2R

DV I3 RSB OMERR 2 5 72 o, i
FICB T 2MERBEBOVEHEREZM2 > A CHETH
%o Y FHEOEN A SEATS (k& 18.0° 5#% 116.0°)
DIKEE 2,000 m & 3,500 m TEHLE W7z KT TR R
FlicaEnd =y 7, #@oEAMELDIET-o 7%
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Fig. 6. Time series variations in the sinking fluxes (a)-(b), titanium elemental ratios (c)—(d), and nickel and
copper isotope ratios (e)—(f). The black circles and blue diamonds represent for the sinking particle data at
depths of 2,000 m and 3,500 m, respectively. The error bars in (e)—(g) indicate 2 standard errors of the isoto-
pic measurements. These figures were modified from the references (Takano et al., 2020).
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Fig. 7. (a) Isotope ratios of nickel vs. the elemental ratio of organic carbon to nickel. (b) Isotope ratios of cop-

per vs. the elemental ratio of organic carbon to nickel. The orange and blue circles indicate the sinking par-
ticle data at depths of 2,000 and 3,500 m, respectively. Stars indicate the mean values of the data for poten-
tial sources of sinking particles. The gray lines in (a) indicate the regression lines of the sinking particles. The
mean values for plankton cells are located at 150 and 1.2 in (e) and 280 and 0.4 in (f). The error bars indi-
cate 2 standard errors of the isotopic measurements. These figures were modified from the references

(Takano et al., 2020).
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Fig. 8. (a) Elemental ratios of nickel to titanium vs. organic carbon to titanium. (b) Elemental ratios of copper

to titanium vs. organic carbon to titanium. The gray closed circles indicate the sinking particle data at 3,500
m and 2,000 m in the South China Sea. The blue and orange closed circles indicate the mean values of these
sinking particles at 3,500 m and 2,000 m, respectively. Open circles and triangles indicate the reported mean
values of sinking particles and marine sediments: sinking particles at 1,500 m in the Sargasso Sea (purple cir-
cle, Huang et al., 2009), sinking particles at 3,200 m in the Sargasso Sea (blue circle, Huang et al., 2009),
sinking particles at 3,200 m in the Sargasso Sea (red circle, Jickells et al., 1984), sinking particles at 1,500 m
in the Sargasso Sea (gray circle, Conte ef al., 2018), sinking particles at 3,200 m in the Sargasso Sea (green
circle, Conte et al., 2018), marine sediments off southwest Taiwan (black triangle, Chen et al., 2008), marine
sediments off Peru (yellow triangle, Boning et al., 2004), marine sediments off Peru (purple triangle, Ciscato
et al., 2018), marine sediments off the Namibian coast (red triangle, Brumsack, 2006), and marine sediments
in the Gulf of California (green triangle, Brumsack, 2006). These figures were modified from the references
(Takano et al., 2020).
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Abstract

In the ocean, trace metals, such as nickel, copper, and zinc, are present in concentrations on
the order of pmol/kg~nmol/kg. These metals are essential nutrients and toxins for marine or-
ganisms. Herein, the sources and biogeochemical cycles of trace metals in the ocean are eluci-
dated based on their isotope ratios. (i) An analytical method for determining the isotope ratios
of dissolved nickel, copper, and zinc in seawater is developed. This method can be used to si-
multaneously analyze the isotope ratios of nickel, copper, and zinc in seawater, enabling the ef-
ficient observation of isotope ratio distributions of trace metals. (ii) The concentrations and iso-
topic distributions of dissolved copper in the Indian and Pacific Oceans are uncovered,
providing insight into the biogeochemical cycle of copper in the oceans. (iii) The isotopic distri-
butions of dissolved nickel, copper, and zinc in the East China Sea are determined, and the
transport process of trace metals from the land to the surface layer of the East China Sea is elu-
cidated. (iv) Moreover, particulate trace metals are analyzed. The isotope ratios of nickel and
copper in sinking particles in the South China Sea are investigated to potentially determine the
sources of these particulate trace metals.

Key words: trace elements, isotope ratios, analytical methods, source identification,
biogeochemical cycles
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