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HEHIE, KVFEOHKICE T 2MERE 97t% (Al Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb)

DEILHRRE DI 21T,

N5 DICHE D REWIHI G &2 5L, K O ITR % il

T2 EWHIRI: T o 2 2R L T D, FESICK D% LA T -2 260

T, R=V v 7P BRI 2 GORPEREORECHERE O KI5,
PE L7, HIREICB W, REREATELY &~

=737
jis =

CNLERIFYE LIS 2 B

PEIRYE

TEaps, A ogEige (AOU) 2 Mw, HEEAILEE (Ni, Cu, Zn, Cd) » A ¥ ¥

RV v T OE

JEHEREY) 3K P DITRIC G R B

B

ERTT0EIEEWHL2IC L, S5, RETOKEIMH»S, i
HEERE L7,

F—T—F MEBILE, RESH, EVHIBRAOAER Axrrv

1. FUBIC

7I=oL (Al), v #H>» (Mn), 2,31k (Co),
BEUER (Pb)ig, —MHIC 2% v Ry UROLRIC SN,
RLFIClE SN CilEd ShRE SN 5, 9 10°-10° F ok
TR T SREEIN D720, FERDIETL TEIEE
12723 (Bruland and Lohan, 2003; Chester, 2000), # F
24 (Cd), =vrov (Ni), Hisn (Zn), BLOH (Cu)
F, —MICREBEIGURICAEHSINTCE ., WY T 70
FACE S THATH 2, EIRETHIET 2 LIEY 7
vy kv LC#HEME R T (Bielmyer et al., 2006;
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Brand et al., 1986; Kszos et al., 1992; Sunda, 1989; Sun-
da and Huntsman, 1996), # (Fe) ZAF v R P Lo
HEMONA 7V y PRI N5, AllEahiEEYE
DFL—H— LT, Mn 3R E T 2&ETCUGD F L —
P—LLCHATES, COlEY v B, 0 FLEETH
h, A X > T Mn EEB{hE b (Moffett and Ho,
1996), Pb ix ARG HD b L —H%—ic% %, Cd & Zn
1Z, YN TR B E R T 70, BEISh
TKEM) T 5 v 7 by TCREONICE W HERE NS (Lee
and Morel, 1995; Price and Morel, 1990), Ni %, R &
7T ECBURERICORT 20 LT — R ORIRT
TH5 (Mazzei et al., 2020; Morel et al., 2003), Cu lZ,

EEPEERBRRICER T 24EYIct - ¢, B{biETY v
NOBEOMRETE L CEEREEEZ R L TS (Ridge
et al., 2008), Fe %, HAHSCMRIZBE 3 28 mERk
B, EROMAREITTLIICEE T 2BRCHHIN
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(Butler, 1998; Vraspir and Butler, 2009), #57ED i\
i, RRCRBEDHL L 7on 7 4 unbn ok,
W7o 7 b oBEEHIRT 28K E2>Cw»5 (Mar-
tin, 1992; Martin et al., 1990a; Martin et al., 1990b),

LB 2MESEO L —HY— L LTOF%IE
1970 sEfRIC B % - 72 (Burton et al., 1988), GEOSECS
il (Geochemical Ocean Sections Study ; K7EA%E Wb
BAGEWTSE) &, % OBEEFLAREO SR L 0% 1%
LTSI L7z, 1980 FADIEE, WK iETTE L
Z ORI (trace elements and their isotopes, TEISs)
DRAADRZICIAS DTSN T E Tz, 2005 4E0 5 ERRSE
[ &F 9% & il GEOTRACES (International Study of the
Marine Biogeochemical Cycles of Trace Elements and
Their Isotopes ; ¥ DMEIGR - FALE D LY ERAL
W) ASIREIL 7o, ZoFHENE, HE%E% TEIs O42ERKY
7oA E BRIEAMUIC & % TEIs 0L #HL I T 5 2 &
ZHME L TWw3 (SCOR Working Group, 2007),

##13 2% T, GEOTRACES 702’5 Loo—HE LT,
KRFETERIN L 72 Ak B & O 5K o i stk 2
v, 970% (Al, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb) @
BEREMESIE (dissolved trace metals; dM) £ & 04
nREEME SR (total dissolvable trace metals; tdMs)
BIEZZNZFNHIE LTz, tdMs & dMs D7D &R T-HEY
=48 (particulate trace metals; pMs) EE %2 Ko7,
INEDRF ¥ Ry VRITTR AR LGSR IR B 1B
HLTWB I LML, BHElTFT—205, AHNRAX Y
Ry VD, ERFBEIITLRICHHEIN TV EILEDO
MICHRERFEEEZ D2 BE L, AETIE, <
NETIAERINZT = Z2MAT, =V 7iHPHA
%2 a5 KT HERERDONMHZ BT L, MEITE 9 ILEIC
DL TRRIICEERT 5,

2. MRF&

2.1. BKPBELE I TRO—EEEE

KA GFES L CRWABHESE I TR OIRE
AHTITIE, HFFFEE CVHESER SPE-100 2 R L 72
HEREEELHv2, Co®EICE, =FLry 7 s
v =W H %4 3 5 NOBIAS Chelate PA1 ¥ L — g

Mg (Hitachi High-Technologies, HZA&) % /i L T
% (BPERR S, 2014), Ky > 7V, HRRMEERIC,
AEEREER B X 7 v =7 L (TAMAPURE AA-10
% 7z 1% Optima Acids, Thermo Fisher Scientific) 75
P - - 7 v ' = LEEW (HACO-NH,ACO)
2L T, pH % 6.00+0.05 ic#{% 3 %, tdMs DHiT
BT, kKABOH I uE, HLE0.45 um D
Millex >V v ¥ 7 4 )4 — (Merck Millipore, FA /)
Z L 7%, SPE-100ICEAT %, ZD%, 9ILHKIE
SPE-100 % fAv>T, 1.0 mol/1 HNO, (Optima Acids)
TR L, BOMeEEERE 7 7 X~ HESHEt (HR-
ICP-MS, Element 2/XR, Thermo Fisher Scientific)
THIEL, MERECTEET %, pMs i tdMs & dMs
DEPLEEI NS,
dMs O#E7 J > 213, #Hk (MQW) #9120 ml i<
IEREETIML, RAEBBIEE% 2X107° mol/l ICFHHE L 72,
3.6 MARENRR) 2.1 g 2% ML, | MEEESM 7V E=
7 7KC pH 6.0040.05 I FA%E L 72580k F v CGRIE L 7z,
tdMs D#E7 7 v 7 OBEIETIE, dMs OfET S5 7L
F U el 238, 2o, #onicflk 0.45 um
Millex >V v 274 04— HwTAhiBL, RifFEE
(SPE-100) 12 AL 7z, tdMs & dMs ORHERS (DL)
BRMET S v 7 OFEHERZE (sd) D=fFEER LT, FH—
Y2 TN OBIRIGHTIC BT BHNIEERAE (rsd (%) =sd/
avex100) 1, TR COEBICOWT, tdM & dM & Hi2 5%
Kiiti Td o7z, pMs OIRHIRILL, BEAMEP SO 2 £
THY, DLy.=2x/(0.05)%+ (0.05)°% C,,, L EFEL
7z (Zheng et al., 2019), T ZC DL,y 1% pMs OfEH R
ZRL, Cue FARWIZRCE T 27 dMs D PIREZER T,
dCo 8 & " dCu o 3#ric i, RIEMERETIC UV B A
WBETH B EHPHESINTWw S (Biller and Bruland,
2012 ; Lohan et al., 2005 ; Milne et al., 2010 ; Saito
and Moffett, 2001), GE OTRACES #i#F® ¥ > 7 )L
B Lo v 7OVED o 7a b avcid, UV RS
RHASNTWD, FEHEVPINFETIC, 9TLEOHPEICK
T35 UVIBHORELFARD 200 FERE 2 RIEMHL
Too AERFFECTERILL 72 R KD—# %, AEBME
® PFA ¥ v —Ic AT, 20 mW/ecm®* @ 5 >~ 7T 2~
24 FFEIMRES U 724558, Al & Fe OREDY, UV ST OKy
M & P35 2 B ah ot TORDDOEH
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BEARHTH 525, AR TR, 9 ILEDTFHLRZ R/NRIC
Wz, o9 mEOHIEIC UVEBHAIIFTT RN
BEEBEET 5720, UVESIZHV 2> 72,

2.2. MiEBERE LUK

Fig. 1%, ~—1 v 27 (Cid et al., 2011), LK FPE
(Chan et al., 2024 ; Chan et al., 2025 ; Zheng et al.,
2019 ; Zheng et al., 2021 ; Zheng et al., 2017 ; Zheng

and Sohrin, 2019 ), FEA¥H (Zheng et al., 2022 ;
Zheng et al., 2024), HARE & B> i (Nakaguchi et
al., 2020; Nakaguchi et al., 2022) @7 — % % &t K
FeRoBNEEZRLTY 5,

Fig. 2 1%, KFEHE160°W BX P 170°W 7 4 L ieBIF
%Y Vg (PO,) oW pMmEzRL, ZODMmICHED
WTHEHBOKIE XS U, REICE, AR
% — F 7K (South Pacific Subtropical Mode Water, SP-
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Fig. 1. Map of the study area and sampling stations in the Pacific Ocean. Colored solid dots indicate sampling

stations from different cruises: red (KH-05-2), purple (KH-10-2), pink (KH-11-7), black (KH-12-4 or KH-17-3),
yellow (KH-14-6), blue (KH-15-3), and white (MRO0-K06).
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Fig. 2. Full-depth sectional distribution of (a) phosphate, and (b) the track used to create Figure 2a. White

solid lines in (a) indicate potential density anomalies.

STMW), HiFi##iE — F7K (Subantarctic Mode Water,
SAMW) 23% %, HfEicix, T EK (Antarctic In-
termediate Water, AATW), JRiEAFPEFEK (Equato-
rial Pacific Intermediate Water, EqPIW), dt A7 )=
7k (North Pacific Intermediate Water, NPIW) 23% %,
Wz, B M K (Upper Circumpolar Deep
Water, UCDW), T8 &g K (Lower Circumpolar
Deep Wate, LCDW), & X OAFFEZEEK (Pacific Deep
Water, PDW) 75% %,

3. WRLEE

3.1. MRKRKFECHEIIBFFRSLIVHNTFEHRESRE
9 TTRETE 2

170°W (GP19, KH-14-6) # X &8 160°W (GPc06,
KH-05-2) 1281J % 64°S 75 54°N £ TP dMs, pMs D
Wi 9% 22N Figs. 3 & 4 1R L7z, —fiRic, %
BRI S Tw 3I0% 0 dNi, dZn, 8 &k *dCd

(Fig. 3e, 3g, 3h) DOWiE DA, TERFEEDOY VI
44 v o534 (Fig. 2) ICHEEILTWw 3, dCu (Fig. 3f)
WFEE D SEEEIC I D I o, BEDSERRAICEEINT
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Fig. 3. Full-depth sectional distribution of (a) dAl, (b) dMn, (c) dFe, (d) dCo, (e) dNi, (f) dCu, (g) dZn, (h) dCd,
and (i) dPb along 170°W in the South Pacific and 160°W in the North Pacific. White solid lines indicate po-

tential density anomalies.
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LM %R LT, N 7 Uy FEICcdH % dFe (Fig. 3¢) i3,
7Y a—3¥ % A E (Aleutian Islands), ™7 A # 5

(Hawaiian Islands), F># - <=5 v 7 Eil (Ton-
ga-Kermadec Arcs) iikic &\ T HEFE 72 8 EE K & 7R
L7z Z0EXL, AF e _RUyVBIZaEHINTW ST
%@ dAl, dMn, dCo, ¥ X ¥ dPb (Fig. 3a, 3b, 3d, & &
31 &, ENEFNRBIN A DA% R L7, dAl (Fig.
3a) 1%, 10°N-30°N & & U 20°S-30°S DEEICE VT,
40°S-10°S o HEF 2000 m IcB VT, 35°S-10°S B £
O 10°N-20°N O JEJEE ILB W CRWIBEZ R L7,
dMn (Fig. 3b) &, 7V a—3 % YAIBICTWHIAICE
W, FEHSHESH 800 m £ T 8.4 nmol/kg D i
RERL, b50°S-RiE, 5°N-20°NicB8W T, FEH» S
HSH200 m % CTIRA L IREMAKZ R L7z, RETO
dMn OEAAEZ, KA SWBRENIE L 7z KB 5
DIEFRIC & 28058 (Buck ef al., 2013) S, K&EIC L -
TN~ v ALY 0t E I (Sunda and
Huntsman, 1994) iICk2bDTHDEEZ 6ND, £z,
Ny -Tov= Ty 7 BiligiE (25°S-10°S) o HiE
800-3,500 m i &> T, TREEEDINH 72 IR 1A AL
I, NTAHEOEL TOT hRIRE LRSS
Niz, TNEDRE EFH (Y —vix dFe LHBIL T3,
Fol-rove Ty 72BN, EKILMAAFCcH B, b
AKEBEOIME7 ¥ v A —bVICMETZ7H - bv
7 7 v 7,34 (Hunga Tonga-Hunga Ha’apai) ‘K
id, 202241 H 16 HICHEK L, KMk sE# (VED)
BARED 5 LFHMiEsh T2 (BhEE#I, https://
volcano.si.edu/volcano.cfm?vn= 243040 &vtab=Erup
tions 2> HHEFEAIHE), N7 A FEEIX, N7 A DKy b A
Ky MBI 280 KIEKDOEED» LK I B
R kiU#FEOTE EETH 5 (Walker, 1990), AifFgtic
BwT, —~Ho#BHlFICE 5 dMn & dFe O iE 7 1
77 A NE, SEEOBINAICE T 5 0°He D#RE TR 7 7
AV E WL 7455, Ml (170°W, 15°S) g 800-
3,500 m iz B 1F % dFe 8 kK * dMn @& LA & (Fig.
3b, 3c), 0°He (Jenkins et al., 2019) DA TERE & —
BLTwd, f-T, FH-Trr=F v 7 BIHEoh
Bz &1 2 IRE BRI, TEFE 2 KIEENICHk T % Blok
5 DGR L HEHI S N 5,

dCo (Fig. 3d) & dMn L, 7V a—vx V4l

BICECHARORBICREMARSH > 72, LHL,
dMn E#£7 b, FETHREMRKIE Sz, dPb i
dAl, dMn, dCo & #£7: b, REH K 35°N fHF Ol
FEiIcHoh (Fig. 3i), Z ofAIZEE EdLicln 31
DNWNE L B BEADD 5 7,

AWFFEIZB VT, BT &7 pMs i pAl, pMn, pCo,
BLUOpFe DA THH-7, TNHIFEDIT, HbILD
7V 2= ¥ YIIEITEWELE O REEIC B W CRER
KuER LUK (Fig. 4), &7, KFH¥-FiEEOBET
S AN H S5 N7z, pMn it dMn & B b, EET
BEMAIIR S kb o7 (Fig. 4b), Thix, KKED
StG I e~ v VB O IR SR TTROG HY R
KIETH 5T L 2RBT 5,

3.2. HEY - 2 REEME OIS X

3.2.1. dMn, dCo

T vy VEEZ (Potential density anomaly) o,
=26.8 kg/m* 12 513 2 dMn & dCo D /K454 % Fig. 5
RS, MESEXEHEEmITR-> TEBRT %, NPIW
FAL FEATN, ZOXRT VY v VEE RO R ILE IR
26.8 CH %, —Ff, SAMW IZEF» 6 db~in, K7 v
X IVEEEOTIMED 26.8 TH B, FDI-d, Fig. b
Tl, dMn & dCo D& LI - 7o K PHET DN
ZRLTW3S, dMn & dCo DEEIX & big, dLIChiE
T2a2—7 7 RECEVHIETEL, SiRE?DdMn
i, dbfE40 B TR A s Nk o7z, —J, dCod
BRI ASE R SIS A > T Tz,

AR D 25°N LUk, KT v o v VEEX g, < 26.8
O¥EFTIE, dCo & dMn oIz, DUF D & 9 & EMRES
ROFRD 5Nz,

dCo[pmol/kg]=(20.2940.08) [ (pmol/kg)/(nmol/kg) ]
x dMn[nmol/kg] + (30.62+0.20) [pmol/kg],
r*=0.860, n="73.

oS, LMo Co/Mn oV (2.1x1077)
(Rudnick and Gao, 2005) & 1Fig—% L 7279, J
KFFEDORBEEL L ClliRE O Co B & F Mn D 5K
3, Bk chH b L 2L T\ (Zhenget al.,
2019),
Mn Bt 3R D 4 7 it EHERY PRIt E T
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Fig. 4. Full-depth sectional distribution of (a) pAl, (b) pMn, (c) pCo, and (d) pFe along 170°W in the South
Pacific and 160°W in the North Pacific. White solid lines indicate potential density anomalies.

dMn g% %, ChaE KIS hT, Wiicks  hb,

TAFREICEIEN 2, Co ik Mn (LY & S EMMES  3.2.2. dAl

B 570, MnBLYERIZ ConREL TS, 20 Fig. 6a £ £ 0" 6b 12, AFHIEEICHE T 3 dAl $ &
721, MnBLASBITE S N5 B Ic—§#1c Co bkt O pAlOKFENHE AR T, KEIZH T, dAl & pAl
i ENnD, Mn BB Twid, HAhEBE  EZHL»ICRAE 3 AKESHERLTw 5, dAl ORiES
T2 @R CHURLSh, MERESNZOOLEELL  HLiEr0&ED (Fig.3) LbAEL Bior, KE
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Fig. 5. Horizontal distribution of (a) dCo and (b) dMn at a potential density anomaly of 26.8.

4,000 m BAZED dAL W%, —#&ic LCDW 12 & - TEAT
D SIRFEANFEI N, BREIND Z EpPRESN
Tw3% (Zhengetal., 2019), zo—J7T, EILWO

(Changjiang mouth), k>, %% 7 (Samoa) T
WHIETIIEEREL, u—hLalikr/eonri, &
TLAEGE TR N REBRIZ RITA UK (Changji-
ang Diluted Water, CDW) » 5 OtfEIc k2 0 TH
% (Nakaguchi et al., 2020), + v %, ¥ € 7 @ dAl
AT, =2 F7 ) 7IRHITVAIG (30°S-15°S,
~175°E) OEECREN RS KEL, HicHt e, C
DBEDWRPNE L Inolzy THITHL, pAl @K
DA 40°S DUpd, 40°N DUk, 8 X CRILH O 0 <

DOHETE NI EZRL TS,

KPGHEIC BT 2067058 T, HEEYD 5 OTFEE D
JEJE dAl O BE A MHIGHTH 2 2 EBHS I ENT
3% (van Hulten et al., 2014), pAl ® 40°S DIR§ & X
O 40°N Dbtk HEY % E (Zheng et al.,
2022), ROV Ol oMK 2> 5 DA

(Nakaguchi et al., 2020) 2 &k > C#HBHTE %, Lo
L, b, BETIGEWHEIE (32°S-10°S) T dAl
DIERIZF 6 nmo/kg £ T EF L7, ZOEAIZ pAlfii
REBF—HLCELT, HEYH 5 OFHEED C O
D dAl D ELHEBIFE TR RV EZ2RBLTW» S, &
X 4,000 m LLETOAL ALK T 3 pAl &I A (pAl/



RFRIC B T 2 MEEEICB T 2 %R

dAl [nmol/kg] @ Depth [m]=last

6 =
E
<

4 O
§

2
N, =
i <
H
S ~
0 r
120°E 180°E 120°W >
S
b pAl [nmol/kg] @ Depth [m]=last g
S

50 =
<
2

40 2
T
24

30

20

10

"Ocean Data View

 180°E  120°W

© 1200E

193
Depth [m]
1 6000
.. >
o
o © o0
oZe
e ‘4. 5000
0.8 ' ° .°i [
[ ]
. ° ' 4000
L [} .. °
[ ]
0.6 -2
[ ]
R l .. 3000
. L4 °
N [ .
o .
0.4 - o 2000
0®
° [
[ ] [ ]
. ) ‘.
.o | . M 1000
0.2 o~ i
40 °S—20 °N: 0.415 £ 0.153 (n=44) 5
8
, ‘ 0
60°S 40°S 20°S EQ  20°N 40°N  60°N

Latitude [degrees_North]

Fig. 6. Horizontal distribution of (a) dAl and (b) pAl at depth last (the deepest layer); (c) Plots of dMs/PO, ra-

tios versus latitude at depths greater than 4,000 m.

tdAl) DS % Fig. 6¢c 10T, BHIEE 2 ADE
WTE L, KPHEDES 4,000 m P (Fig. 6¢ O
7oy k) TlE, FIZ LCDW RN Tw 3, 40°S-
20°N TiZ pAl OE&DME L, dAl OEIED E W (0.415
+0.153 ; n=44), DI klE, dAI2C DFHDKE
KIZEHEE N T WD T L 2RBT 5, RIFF0EEICE
% dAl O JEJE 53R 3 B - BBV KPR h o A
# Y A F44 (Brimhall et al., 1991) & —Z L Tw
%, BB O B4 04— 2+ 50 7 REETIE, L
WEALERIC L b, AAVFA bPE2EEREL-LEELES
FI4 P RS ND, ZOHWIE, HEMNEEE 7L
=Y LJ\HEE» S, BROWEEZ LIIRYTH S
72, TN =Y LABHBINES T 5, 9794

M, T EI=vL, # BXTE>»OORNELERILY
LKA PRI EE L CHEE L2 D TH 5, I
HENZT IV I =9 Loko—iik, HIFFHK, mll,
MK U CHEAN EEITR T L A AR S B,

3.3. ABIEIEPb DFRA

Fig. 7 I\ KM EIC 81 5 tdPb DR AAE D K43
i % 78§, tdPb (& i 87 € — F 7K (Subtropical Mode
Water, STMW) & Higt£— FsK (Central Mode Water,
CMW) IZBWTHKL 25, TOMKIE, KZER 200-
300 m ichziE L, db#g 25°-45° 2 L, HHicEieic
OSNTHADT A H >, TNHDFT—21%, dPb
N7Y7Euy7ho AaRFEOL T v YL E LTt
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Fig. 7. Horizontal distribution of tdPb at maximum concentration. STMW: Subtropical Mode Water, g, =25.2-
25.8, formation area: 32°N-35°N, 140°E-180°E; CMW: Central Mode Water, 0, =26.0-26.4, formation area:

36°N-43°N, 150°E-160°W.

ENBEVIHEE—EKLTWw5 (Gallon et al., 2011;
Zheng et al., 2019; Zurbrick et al., 2017), $E, HZA,
Oy 7 OAREE SEREH —REEYRERH 7 EIcX
DFAET 2 Pb2ED AKERO L7 v Y )Las, Rk
12 & o TR PR ICE IR N, BV £ — PR hE —
FARIC & > TIERFHEDQHRFICIED > T b 2 EWE
Z b,

3.4. KBEH 5 iEKPREERTHF (Cd, Ni, Zn, Cu)
BELUNA Ty KBTS Fe DA

Fig. 8 IC¥EFERIE (B9 10 m) 1281 2 w4
# (dCd, dNi, dZn, dCu) B X A 7V v PRI
(dFe) ¥ F¥H#EE (POS) OKEAFHEERT,
h

JT
#
IN5DOIREDORFERRE (F10m) o9, £

Ao REEIGEWIHR CEWIREZ R L, JLoKREED S
oftFEBHEN S 0B, REAKFO dZn ik, TE - 5L
F % v A ### (Kuril-Kamchatka Trench, KKT) £f 3T
DR O P R 5, PEEHEEREER (Western Sub-
arctic Gyre, WSG) D #l s 20 TR L T v
7=o Wong et al. (2024) 1%, 4Bko dZn-Si B%»
LHEBKIZBT 27 A8 L CH#EE % dZn o &

(Zn* =[Zn]—0.053[Si]—0.33) ZFEL, B~ —
Vv 2R & CHEERF AL T O 2 dZn 257 L
F ¥ v IR EFECEHR =Y v FEH SR I NI
EERBLTWwWS, 72, Chanetal. (2025) 513,
C DHHE T KRG D B D dZn DL O FTREYE & 5 L T
w3,
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Fig. 8. Horizontal distribution of (a) dCd, (b) dNi, (c) dZn, (d) dCu, (e) dFe, and (f) PO, in the surface layer (~
10 m).

R L Twa, flZIE, BENRREEERIGRTH 2
Cd ZHb B3 &, #E 1,500 m BAFEICEB W, dCd
REEB XU Cd/PO, Hld E bic, HEKDOEFRTH 2L
KEIEIDTR O RAEE MR, AEIEREBOBE RIS CEVWEEZ R L, FEKOEHETH S A

3.5. BKHBRFEREE (Cd, Ni, Zn, Cu) HLUN
17y FBISTER Fe DER
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YRR FECEHEWEEZ R L (F7—2 1% IDP
2021 »» 5 (Zhenget al., 2021)), — 15T, AKWFIEIC
B 2130 OREERITLFEORESAATIX, BREMOE
BREFCHATE Y, BEERO X 5 R KB R KD
M CTRERICHPET 2 2 L TE RV, HlXIF,
dCut 71 o 7y u b2/ 2L (Fig. 9), #&
1,500 m BLEIC B W T, KT dCu & 7 1 g
DN IFHBIAT < (r? <0.26), —77, FEMHED AT
HETIRMOHBASER TE 72 (r® >0.70) (Zheng et
al., 2021), 1,500 m BIZETIZ, ¥EEE CH B IC WIHE 72
HEOAR SN, KIAFETIRBWMHEE (r* >0.69), B
HECIEF VAR (r*=0.31) 2SHERTE 72, LA
® 1,500m DETIE, BREAMHEEHERTCE ko7,
ARHFEDOIKFHEIC BT 2 4TTENY VA4 v D
7w vk (Fig. 10a) & b, Cd & PO, 1&, Jbf&20°

6 ——r—r—r—r—r—r—

DAtcRIEH 6 RE £ THBRNE WHEEZ R Lz, —7,
EOTERICOV T, REDS5HEETPO, Litic
MEEEASHEAN L 72, Cu & PO oI AHEAAS R 5 N7z
%, £E20m »5800m £TTHo7, —7H, dNi
®© dZn BEREO AT PO, L OMBENR Sz, Nik
Zn i oWw T, PO, A VgD 3-3.5 umol/kg O
BT, VyBAAVIRERIEEAEEMLEVDDO,
dNi & dZniREIZY VA A4 VIREICEIR R KN L
720 DL EoBSRIZ, dNi, dCu, dZn RIS ET 5 DI,
FHEER O & 5 ICBETEER Ok T O BEY I HE
SHET B ARZITTIERL, ZhEERLZ TR
SHEHET D EERET D,

Ni, Cu, Zn 1% Cd E[Ftkic, HY 75> 2 b v Ok
KHDiIAEh, oA LOHRT L LTRSS T
\» % (Twining and Baines, 2013), Ellwood and Hunt-
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Fig. 9.
Ocean; SP: South Pacific; NP: North Pacific.

Summary of global data for dCu versus Si(OH),. NA: North Atlantic; SA: South Atlantic; SO: Southern
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Fig. 10. Plots of (a) dCd vs PO,, (b) dCu vs PO,, (c) dNi vs PO,, and (d) dZn vs PO,. Colored lines represent
regression lines. Green shading in (c) and (d) indicates areas where dNi and dZn increase independently of
PO,. CMW: Central Mode Water; PIW: Pacific Intermediate Water; CDW: Circumpolar Deep Water; PDW: Pa-

cific Deep Water.

er (2000) 1Z, BEBEHEOBICETIND ZIn DE&IZHT
PTHDHIEEFEILELI, THERLIEN NI Culc>
WTHFERDEEZALGND, AT LV VA A V13,
BB E L A DR OB 2 R T o0, BEIEER
& BEEARDWN E RICBET 570, WYERTEV
HEAZRT, Z2D7d, KFE (e FilM) ic8n»T
13, A2 olEEE R (apparent oxygen utilization,
AOU) VYA F v opmhL T, 800 m I
TR E ORICE WHESS R 5 vz - AOU[ umol/kg]
=(153.65+0.1) xPO,[ umol/kg] — (188.96+0.29)

[umol/kg] (r’=0.868, n=786), 4t A7 (KH-05-2,
KH-11-7, KH-12-4) ®FE 800 m LUEIC BT 24 @%Y
YA A Ve AOU® 7 ay b % Fig. 1112579, dCd/
P ltE AOU OBz R e/, —7%, dNi/PO,’,

dzZn/PO,”", dCu/PO,” Hiix AOU DL - TR
%, AOU %5 150 #*5 300 pmol/kg % CH#fN< 2 &, Cd
/PO,*, Ni/ PO,”", Zn / PO,*", Cu /PO, i3 Z h Z h 4,
21, 21, 69%§4 L7- (Zheng et al., 2021), ZHIZHRL,
NO, /PO, @il E 6+3% T, dCd/PO, Db LixiF
F%TdHh -7,
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Fig. 11. Plots of (a) dCd/PO,’", (b) dCu/PO,’", (c) dNi/PO,*", (d) dZn/PO,*", and (e) dFe/PO,’” against appar-
ent oxygen utilization (AOU) for the North Pacific (KH-05-2, KH-11-7, and KH-12-4). Blue shading in (e) indi-
cates the Fe/PO,”” ratio in Pacific phytoplankton (0.71-6.0 mmol/mol).
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KEEATRICE TN S Cd 1F, FEHEE L FRIC
FEHEA2E L AR OB 2 B ZITF DD, RWAEH
EPTCHRBEBET L P OMIC KI5, Ni,
Zn, BEOCuldIhFoREREMTRLEZONTE
e, AFx e RUTbZOpME AT 5 EEBERNT
HHIEMERERENS, Fig. 1112835 CudEw
WAL, 2% v v P DAHEEY > 5 Ot HE 5
LTw3Lt&EZLNE, TR, 2ToH 7T Lo
Fe/PO, W3, KFEHOMY TS 2 > Hd Fe/PO,”
H (0.71—6.0 mmol/mol) (Bruland et al., 1991; Mar-
tin and Knauer, 1973; Twining et al., 2011 ; Twining et
al., 2004; Twining et al., 2014) 1ZERTIE 2 2ITiED -
720 FelZ Cu D DAL AF ¥ RUVENTVBEER S
ns,

NS OFERIE, AF v Ry VMY NI, Zn, Cu, B
LU Fe DAMMICBWTEETHL I EERLTL S,
b LZIThiThiX, Zhsoh®EiE AOU o inic
FoTZELEWIETTH S (Zheng et al., 2021),

4. £&OH

AWFZE ¢, NOBIAS Chelate-PA1 fi§ % v 7-
& B ITCERESHEE VT, KEEORED S EE
BT AMESE 9ItE (Al, Mn, Fe, Co, Ni, Cu,
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LR ERORECHERO KA 6, BERYE
PCNBELIEEPEICEZ 2 EEZHONICTH L
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ek, FBERICHB S TWRILED Ni, Cu, Zn,
BXOCd L, FICKEREEYRBROMELZT 25—
T, AF¥ e RUVHEERRERE LT, ThoDR
BATUEODRICHEE G525, AX ¥ NV OPHE
23R D 1E Cu>Ni, Zn>Cd DIETH %,

O

2025 FFEO HARMBEARMHE 2 ZE L, KEHH
TT, HEEE - EE - KRR L CIEL 2 ERICEEER L L
FET,

ARG 2 ZRTT BIchlb, B R%55TIRELE CHE
ZIEW 7 BAT O BB R0 & b R L B E
T, ADHARICRT, FEAREHEARRHE LRI/
Lo, BIHMUYOR#EERZ CHE, HRELL
TOEZHBHIFE TSI WE L, &R MAIRER
ticix, EBroFfiz THEICHZ CHEELE, 7%
EECZBOTHE LAV IETEE, L&D EHFL
EFE T, BEEAEER RO, FREORKIC
F, HA O#FRYERLRETEHLONZESE L,
R ORLERIR, & E R RIFFEEE ol sRIEHZ
WHERFDOHEHEENL» 5 D7 FA4 2 HLH L E
FET,

WK v T v Tk, WECREO/NITER, L3R
B ESE, AEE KOS, RRRY:OUTE
RET-HEZI, BILKRFOBRGHIE, o CIcifsesm TH
BEAL OIE LB OERRICBIEEIC AR D £ Lz, Bk
YTV T, BRSO R SRR I L
THZZX L7,

S LBERFORBICEHRTEL LS BDTEL
DEd,

References

Bielmyer, G.K., M. Grosell, and K.V. Brix (2006): Toxicity of Silver,
Zinc, Copper, and Nickel to the Copepod Acartia tonsa Exposed
via a Phytoplankton Diet. Environ. Sci. Technol., 40, 2063-2068.
doi: 10.1021/es051589a

Biller, D.V., and K.W. Bruland (2012): Analysis of Mn, Fe, Co, Ni, Cu, Zn,



200 B HRER

Cd, and Pb in seawater using the Nobias-chelate PAI resin and mag-
netic sector inductively coupled plasma mass spectrometry (ICP-MS).
Mar. Chem, 130-131, 12-20. doi: 10.1016/j.marchem.2011.12.001

Brand, L.E., W.G. Sunda, and R.R.L. Guillard (1986): Reduction of
marine phytoplankton reproduction rates by copper and cadmi-
um. Journal of Experimental Marine Biology and Ecology, 96,
225-250. doi: 10.1016/0022-0981(86)90205-4

Brimhall, G.H., C.J. Lewis, C. Ford, J. Bratt, G. Taylor, and O. Warin
(1991): Quantitative geochemical approach to pedogenesis: im-
portance of parent material reduction, volumetric expansion, and
eolian influx in lateritization. Geoderma, 51, 51-91. doi: doi.
org/10.1016/0016-7061(91)90066-3

Bruland, K.W., J.R. Donat, and D.A. Hutchins (1991): Interactive in-
fluences of bioactive trace metals on biological production in oce-
anic waters. Limnol. Oceanogr., 36, 1555-1577. doi: 10.4319/
10.1991.36.8.1555

Bruland, K.W., and M.C. Lohan (2003): Controls of Trace Metals in
Seawater. In: H. Elderfield (Editor), The Oceans and Marine Geo-
chemistry. Treatise on Geochemistry. Elsevier-Pergamon, Oxford,
pp. 23-47.

Buck, C.S., W.M. Landing, and J. Resing (2013): Pacific Ocean aerosols:
Deposition and solubility of iron, aluminum, and other trace ele-
ments. Mar. Chem, 157, 117-130. doi: 10.1016/j.marchem.2013.09.
005

Burton, J.D., P.J. Statham, and H. Elderfield (1988): Trace Metals as
Tracers in the Ocean[and Discussion]. Philos. Trans. R. Soc. A:
Mathematical, Physical and Engineering Sciences, 325, 127-145.
doi: doi.org/10.1098/rsta.1988.0047

Butler, A. (1998): Acquisition and Utilization of Transition Metal Ions
by Marine Organisms. Science, 281, 207-209. doi: 10.1126/sci-
ence.281.5374.207

Chan, C.-Y., L. Zheng, and Y. Sohrin (2024): The behaviour of alumini-
um, manganese, iron, cobalt, and lead in the subarctic Pacific
Ocean: boundary scavenging and temporal changes. J. Oceanogr.,
80, 99-115. doi: 10.1007/s10872-023-00710-8

Chan, C.-Y., L. Zheng, and Y. Sohrin (2025): The behaviour of nickel,
copper, zinc, and cadmium in the subarctic Pacific Ocean: East—
West differences. J. Oceanogr., 81, 149-162. doi: 10.1007/s10872-
025-00746-y

Chester, R. (2000): Marine Geochemistry. Blackwell, Malden.

Cid, A.P., S. Urushihara, T. Minami, K. Norisuye, and Y. Sohrin
(2011): Stoichiometry among bioactive trace metals in seawater
on the Bering Sea shelf. J. Oceanogr., 67, 747-764. doi: 10.1007/
s10872-011-0070-z

Ellwood, M.J., and K.A. Hunter (2000): The incorporation of zinc and
iron into the frustule of the marine diatom Thalassiosira pseud-
onana. Limnol. Oceanogr., 45, 1517-15624. doi: 10.4319/10.2000.45.
7.1517

Gallon, C., M.A. Ranville, C.H. Conaway, W.M. Landing, C.S. Buck, P.
L. Morton, and A.R. Flegal (2011): Asian Industrial Lead Inputs to
the North Pacific Evidenced by Lead Concentrations and Isotopic
Compositions in Surface Waters and Aerosols. Environ. Sci. Tech-
nol., 45, 9874-9882. doi: 10.1021/es2020428

Jenkins, W.J., S.C. Doney, M. Fendrock, R. Fine, T. Gamo, P. Jean-
Baptiste, R. Key, B. Klein, J.E. Lupton, R. Newton, M. Rhein, W.

Roether, Y. Sano, R. Schlitzer, P. Schlosser, and J. Swift (2019): A
comprehensive global oceanic dataset of helium isotope and triti-
um measurements. Earth Syst. Sci. Data, 11, 441-454. doi: 10.
5194/essd-11-441-2019

Kszos, L.A., A.J. Stewart, and P.A. Taylor (1992): An evaluation of
nickel toxicity to Ceriodaphnia dubia and Daphnia magna in a
contaminated stream and in laboratory tests. Environmental Toxi-
cology and Chemistry: An International Journal, 11, 1001-1012.

Lee, J.G., and F.M.M. Morel (1995): Replacement of zinc by cadmium
in marine phytoplankton. Mar. Ecol. Prog. Ser., 127, 305-309.

Lohan, M.C., A.M. Aguilar-Islas, R.P. Franks, and K.W. Bruland
(2005): Determination of iron and copper in seawater at pH 1.7
with a new commercially available chelating resin, NTA Super-
flow. Anal. Chim. Acta, 530, 121-129.

Martin, J.H., and G.A. Knauer (1973): The elemental composition of
plankton. Geochim. Cosmochim. Acta, 37, 1639-1653. doi: 10.1016/
0016-7037(73)90154-3

Martin, J.H., S.E. Fitzwater, and R.M. Gordon (1990a): Iron deficiency
limits phytoplankton growth in Antarctic waters. Global Biogeo-
chem. Cycles, 4, 5-12. doi: 10.1029/GB004i001p00005

Martin, J.H., R.M. Gordon, and S.E. Fitzwater (1990b): Iron in Antarc-
tic waters. Nature, 345, 156-158.

Martin, J.H. (1992): Iron as a limiting factor in oceanic productivity.
In: P.G. Falkowski and A.D. Woodhead (Editors), Primary Produc-
tivity and Biogeochemical Cycles in the Sea. Plenum Press, New
York, pp. 123-137.

Mazzei, L., F. Musiani, and S. Ciurli (2020): The structure-based reac-
tion mechanism of urease, a nickel dependent enzyme: tale of a
long debate. JBIC Journal of Biological Inorganic Chemistry, 25,
829-845. doi: 10.1007/s00775-020-01808-w

Milne, A., W. Landing, M. Bizimis and P. Morton (2010): Determina-
tion of Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb in seawater using high
resolution magnetic sector inductively coupled mass spectrometry
(HR-ICP-MS). Anal. Chim. Acta, 665, 200-207.

Moffett, J.W., and J. Ho (1996): Oxidation of cobalt and manganese in
seawater via a common microbially catalyzed pathway. Geochim.
Cosmochim. Acta, 60, 3415-3424.

Morel, E.M.M., A.J. Milligan, and M.A. Saito (2003): Marine bioinor-
ganic chemistry: the role of trace metals in the oceanic cycles of
major nutrients. In: H. Elderfield and K.K. Turekian (Editors), The
Oceans and Marine Geochemistry. Treatise on Geochemistry. El-
sevier-Pergamon, Oxford, pp. 113-143.

Nakaguchi, Y., Y. Ikeda, A. Sakamoto, L. Zheng, T. Minami, and Y.
Sohrin (2020): Distribution and stoichiometry of Al, Mn, Fe, Co,
Ni, Cu, Zn, Cd, and Pb in the East China Sea. J. Oceanogr. 77,
463-485. doi: 10.1007/s10872-020-00577-z

Nakaguchi, Y., A. Sakamoto, T. Asatani, T. Minami, K. Shitashima, L.
Zheng, and Y. Sohrin (2022): Distribution and stoichiometry of Al,
Mn, Fe, Co, Ni, Cu, Zn, Cd, and Pb in the Seas of Japan and Ok-
hotsk. Mar. Chem, 241, 104108. doi: doi.org/10.1016/j.marchem.
2022.104108

Price, N.M., and F.M.M. Morel (1990): Cadmium and cobalt substitu-
tion for zinc in a marine diatom. Nature, 344, 658-660. doi:
10.1038/344658a0

Ridge, P.G., Y. Zhang, and V.N. Gladyshev (2008): Comparative Ge-



KVHEICB T 2 HERIEICBI T 20158 201

nomic Analyses of Copper Transporters and Cuproproteomes Re-
veal Evolutionary Dynamics of Copper Utilization and Its Link to
Oxygen. PLoS One, 3, e1378. doi: 10.1371/journal.pone.0001378

Rudnick, R.L., and S. Gao (2005): Composition of the continental
crust. In: R.L. Rudnick (Editor), The Crust. Treatise on Geochem-
istry. Elsevier-Pergamon, Oxford, pp. 1-64.

Saito, M.A., and J.W. Moffett (2001): Complexation of cobalt by natu-
ral organic ligands in the Sargasso Sea as determined by a new
high-sensitivity electrochemical cobalt speciation method suitable
for open ocean work. Mar. Chem, 75, 49-68.

SCOR Working Group (2007): GEOTRACES - An international study
of the global marine biogeochemical cycles of trace elements and
their isotopes. Chemie der Erde - Geochemistry, 67. 85-131. doi:
10.1016/j.chemer.2007.02.001

Sunda, W.G. (1989): Trace metal interactions with marine phytoplank-
ton. Biological oceanography, 6, 411-442.

Sunda, W.G., and S.A. Huntsman (1994): Photoreduction of manga-
nese oxides in seawater. Mar. Chem, 46, 133-152. doi: https://
doi.org/10.1016/0304-4203(94)90051-5

Sunda, W.G., and S.A. Huntsman (1996): Antagonisms between cad-
mium and zinc toxicity and manganese limitation in a coastal dia-
tom. Limnol. Oceanogr., 41, 373-387.

Twining, B.S., S.B. Baines, and N.S. Fisher (2004): Element stoichiom-
etries of individual plankton cells collected during the Southern
Ocean Iron Experiment (SOFeX). Limnol. Oceanogr., 49, 2115-
2128.

Twining, B.S., S.B. Baines, J.B. Bozard, S. Vogt, E.A. Walker, and D.
M. Nelson (2011): Metal quotas of plankton in the equatorial Pa-
cific Ocean. Deep Sea Res. Part II: Topical Studies in Oceanogra-
phy, 58, 325-341. doi: 10.1016/j.dsr2.2010.08.018

Twining, B.S., and S.B. Baines (2013): The trace metal composition of
marine phytoplankton. Annu. Rev. Mar. Sci., 5, 191-215.

Twining, B.S., S.D. Nodder, A.L. King, D.A. Hutchins, G.R. LeCleir,
J.M. DeBruyn, E.W. Maas, S. Vogt, S.W. Wilhelm, and P.W. Boyd
(2014): Differential remineralization of major and trace elements
in sinking diatoms. Limnol. Oceanogr., 59, 689-704.

van Hulten, M.M.P., A. Sterl, R. Middag, H.J.W. de Baar, M. Gehlen, J.
C. Dutay, and A. Tagliabue (2014): On the effects of circulation,
sediment resuspension and biological incorporation by diatoms in
an ocean model of aluminium*. Biogeosciences, 11, 3757-3779.

Vraspir, J.M., and A. Butler (2009): Chemistry of marine ligands and
siderophores. Annu. Rev. Mar. Sci., 1, 43.

Walker, G.P.L. (1990): Geology and volcanology of the Hawaiian Is-
lands. Pacific Science, 44, 315-347.

Wong, K.H., H. Obata, T. Kim, H. Tazoe, A.S. Mashio, H. Hasegawa,
and J. Nishioka (2024): Dissolved zinc in the western Bering Sea
and near Kamchatka Strait: A coastal source and transport to the
subarctic Pacific. Mar. Chem, 260, 104375. doi: https://doi.org/
10.1016/j.marchem.2024.104375

R, NRAH, M, SRS (2014) @ ABNRELE L H Y 508
AKPEYNERG B O E R, AT, 55455, 21-27.

Zheng, L., T. Minami, , S. Takano, H. Minami, and Y. Sohrin (2017):
Distribution and stoichiometry of Al, Mn, Fe, Co, Ni, Cu, Zn, Cd,
and Pb in seawater around the Juan de Fuca Ridge. J. Oceanogr.,
73, 669-685. doi: 10.1007/s10872-017-0424-2

Zheng, L., T. Minami, W. Konagaya, C.Y. Chan, M. Tsujisaka, S. Takano,
K. Norisuye, and Y. Sohrin (2019): Distinct basin-scale-distributions
of aluminum, manganese, cobalt, and lead in the North Pacific
Ocean. Geochim. Cosmochim. Acta, 254, 102-121. doi: 10.1016/
j-gca.2019.03.038

Zheng, L., and Y. Sohrin (2019): Major lithogenic contributions to the
distribution and budget of iron in the North Pacific Ocean. Sci.
Rep., 9, 11652. doi: 10.1038/541598-019-48035-1

Zheng, L., T. Minami, S. Takano, T.Y. Ho, and Y. Sohrin (2021): Sec-
tional Distribution Patterns of Cd, Ni, Zn, and Cu in the North
Pacific Ocean: Relationships to Nutrients and Importance of Scav-
enging. Global Biogeochem. Cycles, 35, e2020GB006558.

Zheng, L., T. Minami, S. Takano, and Y. Sohrin (2022): Distributions of
aluminum, manganese, cobalt, and lead in the western South Pacif-
ic: Interplay between the South and North Pacific. Geochim. Cos-
mochim. Acta, 338, 105-120. doi: https://doi.org/10.1016/j.gca.
2022.10.022

Zheng, L., T. Minami, S. Takano, and Y. Sohrin (2024): Distributions of
cadmium, nickel, zinc, copper, and iron in the western South Pa-
cific Ocean: Local sources of the nutrient-type trace metals. Mar.
Chem, 263-264, 104411. doi: https://doi.org/10.1016/j.marchem.
2024.104411

Zurbrick, C.M., C. Gallon, and A.R. Flegal (2017): Historic and Indus-
trial Lead within the Northwest Pacific Ocean Evidenced by Lead
Isotopes in Seawater. Environ. Sci. Technol., 51, 1203-1212. doi:
10.1021/acs.est.6b04666



202 B HRER

Study on the Biogeochemical Cycling Processes of Trace Metals
in the Pacific Ocean Based on Multi-Element Analysis
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Abstract

This study investigates the biogeochemical cycling of nine trace metals (Al, Mn, Fe, Co, Ni, Cu,
7Zn, Cd, Pb) across the Pacific Ocean, aiming to elucidate the processes that govern their distri-
bution in seawater. By examining their vertical sectional distributions in the North and South
Pacific, the Bering Sea, and the Sea of Japan, the study evaluates how terrestrial and anthropo-
genic inputs influence marine environments. Results show that, in mid- to deep water layers,
nutrient-type elements (Ni, Cu, Zn, Cd) are controlled not only by water circulation and biogeo-
chemical cycling but also by scavenging. Ratios of nutrient-type elements to phosphate and ap-
parent oxygen utilization indicate that scavenging significantly affects their distribution. Further-
more, the horizontal distribution of trace metals in deep layers highlights the influence of
sediment-water exchange on the seawater composition.
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