EBEEERO-ODWMESRE T 7 v 7 /KD IERK T
DIRFT

S&a: ja
HARE: 52 KFMIKBFH=E
2NFH: 2015-09-03

*F—7— K (Ja):

F—7— K (En):

ERE: oK, BN, ="K, 8B
X—=ILT7 KL R:

Firi&:

https://doi.org/10.14945/00009100




F R R BR R iF E sy B8 4275 (201547 1) 256 H~36 H
Geosci. Repts. Shizuoka Univ., no. 42 (July, 2015), 25-36

25

IEERROI-ODHEERET 5 ¥ 7BKDOERG EDIREY

BAREN - FME

Preparation of a large volume of low-trace metal seawater
for trace metal manipulation experiments

Makoto SUZUKI' and Rumi SOHRIN'

Abstract
seawater which can be used as a control medium for incubation experiments to estimate a role of trace

A method was developed for preparation of a large volume ( ~ 40 ) of low-trace metal

metals in marine organisms. Seawater taken from a depth of 397m in the Suruga Bay was filtered through
a 0.2 um-pore-sized polycarbonate filter, adjusted pH to 6 by addition of HCI and NaOH (metal-anal-
ysis grade, respectively), then loaded to an ion-exchange column. By loading a volume of 6 1 of the
filtered seawater to the column containing 500mg of the chelating resin NOBIAS-CHELATE-PA1 at a
flow rate of 2.5ml min™ three times, trace metal concentrations were decreased to <0.05 nmol ' (Cd,
Cu, Mn and Zn) and 0.09 nmol I'* (Fe). The column can be used repeatedly at least three times after
washing with 1mol I HNO,. Contamination with organic carbon and major nutrients was quite small
over the process. A volume of ~ 40 | of low-trace metal seawater can be prepared within 12 days by
simultaneous use of three ion-exchange columns.
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% OHMETIE, REWAKFIZE ZnMESETER
OREBIEIMOTHETDH Y, ZOHEIL LWHEHIKRD S
NE XDk o7:DIEHTH30F1FE ERITH S (Bruland,
1980). Z ok, WKFOMERBIREICEB L 72E
REEEREMIMTON D L O IR ), MEsEI WY 75
VI NYOERIIBWTHETHZE I LXbhroTET
(Martin and Fitzwater, 1988; Buitenhuis et @/, 2003; Peers
and Price, 2004; Saito et al., 2008). WEEEIZEFH LTz
BEFERIIBVT, MESETEIEEtvway bo—
v E UL TEIZAquil 55l (Price et al, 1989) 2T
W3, ZORHIE, ATHIKEZ—EXVv— AR
FfiE « Chelex-100 (Bio-Rad Laboratories) 2 L CH¥&
SEETMORE, 20 THRI LVWHESEITHL T,
SolzzF vy 7 I VNER (EDTA) %0z CTHHE
RS S Z L CARRIRIEZ 21RE £ CHESRE
WBELTT2., LaL, T4, HEEHO—IIERIZL

B MEAE 2 ME4S)E — EDTAMK» LA L TWS
Z &SRS U (Hudson, 1998; Morel et al., 2008; Saito
et al., 2008), Aquil B¢+ THIR S % E D e T
W3 IR 2% 5. %7z, EDTAZ#ME %R L, EDTA
ADMHELIFF EETE WA Wb —5T, EDTA
PREPFE LTHO AR D B E TS LW, EDTA
FHRIT L2 L2, MESEIC X 28T IEME I
Z5ZEDTELVENLD L. —F, MESE K
BE OINER O K D GaE, AFIIER & B
B2 72T, BKBOEBIELR B IRE OiFK
MAFTEZLERLGZVWEEDORELRETLND
(Johnson et al, 2007), D 1:®, FRRFRLTIERE
WEVEY S5 2 & I ik H LHESE O 2% 3ERY
WCHLD BR S TR L 72 5,
2T, R (2008MS) 1%, ¥V — bAoA
Ji§ « NOBIAS CHELATE-PA1 (HMNA 527 7 uY—X;
DB, NOBIASHIR) #EioMESBRHIESY 7 412pH
G LK EZBT 2 LIT X VRS L EMRERLE
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BERBHOMEZZEZ TIHESERE 2 T HMES
JB7 7 v 7K EER T 2 FEZRF L7z, NOBIAS#f
JEIEEMITBKMEA 2 27 ) v— 1, &BHHERLticA
ITEREZF LYY T I VEREREZELTED, pH
55~6.512 B8V THIKFTOEEITLETH % Na, K, Ca,
Mg %13 & A EffifEe3, Fe, Zn, Mn, Cu, CdZ% ED
WEARE 2T 2 2 L T35 (2006) TH
EXNTVWS, LarL, WA (2008MS) TRF S
HEHDO Y AT A TIERWAKZ2IZTLLUETE LW
b, W77 v 7 b v OREFEFER L EITHVSITIER T —
VT TURBETH L, T, FUETIE, WHTS
V7 hvORZE EEHEEHOT AL 358 Gt
Yy MV OMESRE Ty 7Kk E TS BRI
RIMERT 2P T LEHNE L, R
LT AMESRI, REECOMM TSIV h v ADF
HatERF S N CTWwa Fe, Zn, Co, Mn, Cu, CdOXRTT
FLL, My (2008MS) 12 bWw, WM TSI 7 by
OTEAHIPR S 25 Z & M CHiS S T 5 0.05
nmol I' K 2 MESE 75 > 7 dko BEEEE L LT,

BiE
BE LS
WEREBOIVEZIZ—Ya vl ®, EBIE
s a8 BI3MEEER) 51> (LDPE) 7~ 57
NFAaZF Ly e )N—T7)vF a7 vF = )V —T )V
FEAE (PFA) TEDTIAF v 78 EH W,
LDPE R F viZ, MEEBOBEHELID W & 23KEIE
2 (2005) 12k o THE SN TW2B Nalgene 77 ¥ R
(Thermo Scientific) OBEIFLZMH L7, Rl 2

IBITIE, THREHCTOEIIR) =F v v BHoOMnE
TFReHEM U 72, HEOWH, Bk, HEMSS

DEFEIZTRTZ I X100D27 ) — > v—HIZBWTES
EREHEALTT- 7.

EFIHFH LT RCOHFEFTHEEFE LT, KE
KTHI2% TR U T2 7 v 4 VA (Extran MA 01,
Merck) (28RN BB L, KK & BHA (Milli-Q
Gradient A10 ; BARE, MQ) T, MQTH10% I
HRUTER (RRfk, ADEMZETEE) 18RI REL,
MQ TH#EW7:, LDPER b VidFidkdots, K1ITRL
7eFMIT & D 0.5mol 1" 7 v bk E#e (Refk, FADGHESET
%), 0.5mol I'iEfE (FESBHEM, FYMEIEE
7213 Ultrapur-100, BIH{L22), 0.5mol iR (Ultrapur-100,
BIH L) CTIEHF L., <4 270y hDF v 7,
ARA N, JFFRSENEFTCOME B L 72~
TIngy %, TGO, 0.5mol I igEEIZ 8 KFE ML
FBLCMQ T L7z, Bhig L o8 R I3k Iz A ©
LZRED b DWEBIBEOIGY BT 2720, HlES¥T
WYy NSO =— VI THE LT,

MELET S 7 BKDIER

WMELRBIED 5 L DER
NOBIAS##ig % W 7 B it v 7 & OFER %

LR EESE, EMIE A (2001) ITHEUC TS, DT LD
A X e WE LT, MERBERIEY 7 5 OWEX % X2
2R L7z,

FZTOIZ, WEXAME=6mm X 8mm (D), 4mm %6
mm (@) OPFAF 2 —7 %5770y Fa—Th v X —
ZHWTERZEAF6ecm (NOBIAS KIS & 250mg D4
3#93.5em), 1AL, 2~3mm, 2&KIZHy FLTz. @
1Z22mm X dmm O PFAF =2 — 7 (®) # 7 LiAA T2mm
Xbmm®DF 2—7 (@) %EKL, 4~5mmizh v
FLEDDE2RAELL., T7uv Xy yazEEN
6mm DY FTIOML VWi, PFAFa—7¢ 57
OV Ay YakYy— (&= — VEITANTTHYE
WEfToT1:48, 7V — Y v—LATRD & 5 IHAM Tz,
9, QOREIZQ%ELIAL, ¥rey FEHVWTT
JavAyyakbMAR, E5II@FEEIHFLIAAL
72, R, 3SmmX8mmD T 7 uvBEZI a4 v E
@DDF 2 =T %F#ZLIAATEMOHITIZOAAR, I
2mm X 3mm D PFAF =2 — 7 (B) %2 LiAA, 1mmX
2mmDPFAF = —7 (®) DN e®0% % TH LA
A, @D DEERY A& =R 7 (SMP-23AS, 7
A7Y) DLIEFa—7 (AfTvu—9—Rv7
F2—7, WEXIE=1.15mm X 3.2mm, Saint-Goban)
TS, @Q~@%2E LA E BN, L, MQ
OHIZHELD 72 L 7 NOBIASH#HE (39 > YR 449 250
mg ¥ 7213 2Mf4) #AKA P CESE, FiE I Iml min' iz
BDEEIIIRV AR =Ry T B S TMQEF| &1t
D6, MIEERH LI, Z0EEFa—THITKIENA
LRWEIIERL. RELKDoT:LRY 77 1L,
Lk &R CFIETOI@Q~® L B Y 2 1 >+ &4k LTz,

SERR L TR A B Y T 2 XX 3 IR LT FIE TR
L7z, WEITHOWERRRIE, ARV ) vy E—%2{libs
WWERZH > THEL, RV 2L —Rv 7RV THE
GBS 7 KTz LTz,

RKE BB

WEEE 7 7 v 7 WKOVERITER L 7ifiAkizix, #
i) VL BRTE R S K BUK G TR O U FEUK &y Mz W»
THEREL U 723 397m DK 24 U 72, A idEys L
TRIBCTRES 2 AR L, MHHERTIZ, 4mol I'HHEE,
MQDNETZ N ZE T & 30 0 FEEEI L 72 FLEE0.2um @
RV —FRA—=—rHOXI7VvRT7 7 42— (GE
Healthcare) W CTEHN 2BEITWV, WAEYSK T %
bR L7z,

WELEOKRE
WEREREORE L, BENESBEREOWED DD
WEEEOEM OELH3ITE L DT,
WEREBEREY 7 2%, R4ITRLIZE D1, WX
AME=1mm X 2mm O PFA F = — 7 & = /N )v 7 (TSB-
32, 7uvI¥) ZHAL TR AX—RY FITES,
RSB R R 2 ER L 72, PFA F 2 — JTa -2 4MU
PoY)aAVFa—TEHETHERL, R VvoX vy
FIFEINCEL R Y v e AW THEEZ2mm O F I T
BE, PFAF 2 — 7 [REE Z LAA T,
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Fig. 1 Protocol for pre-washing of plastic labwares.
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Fig. 2 Schematic drawing of a cross-section of the metal removal column. Details are shown in text for the parts with circle numbers.
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AA-100, ZELETIE) oLz, XRiT, @K  R) ZWERE 7 7 v 7K LT1IIOLDPER F vic
12 Imol I ¥ & 3mol 1" KE&fb 7 + ) v & (Ultrapur, BRI L 72,



28 BRI « SFIRE L

WEERHIEHATLIERK
B |
0.5 mol I"'1&E.70.01 mol I' L-7 RAJLE U EEA &% 30 mifiL,
HBRIZH=T
| eEsmALLE2E. MOE30 miEH
1 mol IN'FEEEA30 miifitL, EERNITHT-T
| sEsRILLERE, MQEI0 miERE
1 mol I"'AEEEZ100 mliE &
} Maz30 miE#

!
HEER(MEBERRRE MERRIT S 7EKIER)
KMELRISVVBKERBFIRMDI00 mMERERELTETS

-

0.05 mol I"'BfEE 7 E=9 LIEE % (pH 6)%40 mhEi&

MESEER | | mEeRISomKER
1 mol I"'fEE&15 mIZ1 ml min™! 1 mol I"AER35 mIZ @K

0.05 mol I''EFEA 7 > E=9 LIEE KR (pH 6)Z40 mIEi& <«

[ WMEEEBREIZL
ERRBFICD#ATS

MQ%30 mhfi&

THEREF(IBBL, HTEER
ZiRiEREL TR
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1 mol I""EHEE15 mIZ1 ml min™

THREITRRK
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Fig. 3 Summary of the protocol for removal of trace metals and analysis of trace metals.
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Fig. 4 Schematic drawing of the trace metal removal system.
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KL ERE 7 7 v 7 MKOMESERE XKL,
F 72, WAKFONa RSB OWEEWET 2 Z & 345N
LRTW3, 207:0, MESEOHEDHIZ, NOBIAS
g I ESE Z IR L, 0%, VEOEIER CHEEE
T 52 LT, MESEOEM & HERYOREET- T2,
MESEZIEMT 22E IR, M50 X5 ITHEXIME=
Imm X 2mmDPFAF 22— 7, = HFENNVT, ) avF a—
7, WEEBEMHIEY 7 A0 LA T, RY 2L =K
VIDOLITEF 2a— T bOMESRREOIHERO AR R
EEL, RVAZ—RY T2 WEEEHEIILLDTF
VAN U, WERE ORI IIMERE TR (G3) &4
Wiz, HE OV EMESEE Y 7 4 0 pHiREE X, %
BRERE L FAREITo 72

2iBHE K OBESE OWE TIX, ZiBHFEKIT Imol 1!
WEfR 7 > & = v DABMET % KRB 0.05mol 112703 X 9
IR, & 502 1mol I'EERE £ 20% 7 & = 7 7K TpH
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GIZHHE LT, WEEE 7T v 7 Kz pH 6 1237%
ENTWVWBED, ZOFIHEERE LT, RIT, RY AKX —
Ry 7O THESE RS 23K % 2.5ml min' T
WIRL, MESEHIEY 7 2 ITHESE CHEs Y, &
WARDOR M NVOERZE D B ELT RO T2, Gk T WK
LTk, RV RAZ =Ry 7B THESBEME®EIC
0.01mol I (NOBIAS #f/J5 & 500mg D ;413 0.05mol M)
BERE 7 > & = 7 LRRAENE % 40mlifi L, ZEENIE > Tw
SHBEE VIR LTz, MESEHREY 7 5 i L 7MW
BoEI1L, K &3 A5 Imol 'R % EBE Y Z (12
Yo Tlmlmin' OFEE-CIEMEERT 2 Z 12k D, &
T LD LVERES B & LCED T, B TBEMEO
EHIZED, BERLBEROERD LIEMRERD T,
PEMRENA, B Imol 1SR 2 &EHE 4 21T & - T 15ml
WL CHESEIIED 7 520 L, RV RZ—RY
T AW TMQ %Il URREE & Ve L 7z,

HIE
AkOMESEIRE X, BEARY  EBHRMMTe £ —
7Y — o BIERAN ISR S B == o TS BT )
FiE Ot —< v R et EqR (2-8270 5 HArL
NAT 7 av—=x) FRHW, 777774 MEEIZED
HE U7z, BERIRIZIE, % IotHEEMEYRIR W-IV ICP 4y
M (139-11871, FIYEHMBET.2) & ColEdEyRR (6
MIBETE) ZEAL, 0.lmol ' CHER LD %A
Wiz, MEMROME S, FUKOFETFIOLE, BiERE AW,
AKOMESBREZUTORIZE DEH L.
PR = (ML 723K F R — 38 75 v
7 OFRTRGE) S eEGomE s HEo
PR} — (7 9 v 7 OFRFUOGE —
BT 77 OFETRNE) REAROME
s Ve T 5 v 7 OIERER)

L7
->

A7

L
Cal

-4
—

22T, BEZIv2ICEEIICEL ko T
JETF WG @ 3[aliE D 3K UHIGE O I E A3 b KW E %
iz, #1679 > 2713, AiEHEKO pH FEE 2R IN
$ 2 Imol I' iR 7 v & =7 MEEETH D, [FFREIR %
WT2Z2LTInDavRIZ—yaryPkELsZLEn
FEEBR MBS N2, HBEKOBEIZDA,
E7 771X 2MEEYEA LI, #E7 7 v 7 DR
TR 1E, Uk & FRR I E 4 R 2 O ESR
PEHELTHLME LT,

EEES

BREE OME
WESBIED 7 b~ OREEEEE & MRS ER
LEE CHET L7z, ik % pH 612HH%E L 7244, £9200ml
o, WWIEE 2.5ml min”', 3.4mlmin', 4.2ml min”,
5.2ml min", 6.1ml min" T NOBIAS ##5 &) 250mg ¥ 72
13K 500mg DIEEIBIIE Y 7 JTER L, 556 n7R
MR DI B IR 2 HIE L7z,

ERTILIRE DR
WESEEY 7 5 T—EIZUH T E 2 HEiEKOE
N7z AiEWEKK6 1% pH 6 12H% L, MESER
EIEIITH L., WESBEHEY 7 260 TEIME
BIET 7 v 7HKOA, HHO100ml T, D% 11
TEITHRL, EarnoMEeERELIEL, M
BEOBREREATOXNTEHE L.
rEX= (2K oMEGBIRE - MEdE 7 7
VWK OMERBIRE) /5K OM
BERERE
MBIGE L 1%, NOBIASHfIE % #Y 250mg W 72 554 1%
2.5ml min™, #J500mg A\ 7285413 2.5ml min™ & 5.2ml
min 1ZEE LT,

WESLEBIES S LoBERAOKRE
WRSEHIE Y 7 2 S AT hE

5tk HiRHhS L

Sy l PFAFa1—T TH B HrMNT. HEHEKK6 %
o pH 6 23 L, B SIBMELER 1
FamT > B WL 7o BRI 7 2 o
1 - > Rk TERWMERE 7 7 v 7 WKDOERA)
) A e D 100ml EHETIoH, W LD D

= 4 1 i
MEERE TP Ll D11%4H L, 1mol I 35ml &

MBI L CTHMERBHIEDY 7 & % Vi

-—
Bk ~NYRa—tr7  1mol/L g

THEA

5 PERBIEIREL OO D 728 1T T PR G R DS .

Fig. 5 Schematic drawing of the trace metal concentration system used for pretreatment for

analysis of trace metals.
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BEBRICL2BEDRE

RSB 7 2T DR LIRS 2 2 & CHffKF
DOWMBEEBIEE % S LITKT TS 2 0T, (HESRE
Wi 7 2 oFEMH oM °fF o i 3FEHOMES
877 v 7Kk EHUOMESRERRY 7 2128 L THEDL
NMEERE 7 7 v /WK ERAL, BE2EHE LTz,
S50z, BE2EHORKEHB HESBEREY 7 41T
BL, SoNTMESRE 77 v 7K EBIKR3HHEE L,
ENOOWESBIRE ZHE L7, @K2EE &3 H
TIE, WEABHREEEZIBHEBL, 2AFNITHSI
JBIE L7z,

BRLEER
BREE DIRES

2 @G 200ml 2 F 5RO B 2.5ml
min" T L T & MBI OME SRR % 3
fEE L, #BHEECELNLMESE T 7 v 7Kkt
OWEBERE L IR L AR EM6I1TRT. ConERE
IR D T RTOERIZBWNT, K, »iBiEK, M
BEE 77 v 7 K CHEIEAMT (<0.12 nmol [') T
Hot:l:®, EEL W, NOBIASKHE %Y 250mg fi v
THMESEMEDY 7 5 OBIEHS O S % 2.6cm & L7z
BA T3 4.2ml min' DLEISBHOEE & BT, HE
fEIZX L, FeDBED0.75M5LF, CdDIEE 530.801%

BEE(mIiminY) O34

[14.2 Es.2 W61

BIAE = 49250 mg
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BHEE25 ml min ' DIEE|

MELRETHE

E6 MiESmIREEE IR L 23 T 28K 200ml @I U TS T IR O ME SR IRE O L. ESEMIE s 7 2 © NOBIAS
e EAY 250mg (F) & 500mg (F) OfEERICOWT, BIGHE 2.5ml min' © & S OWEITHT 2TH L. Hofavhswvige,
MBI 7 22X 2WESBOREDEIMECZ L 2RT. ColFRBBANTOZORLTWEW, =7 — =%, 3[EOi}

DR UM & DERERZ IO LT, BEOMEREHER L TROTM DKL LEELRT,

Fig. 6 Relative concentrations of trace metals in the concentrates obtained by loading of ca. 200ml of filtered seawater to the trace metal
concentration system at different flow rates. The column contained ca. 250mg (upper) and 500mg (lower) of NOBIAS-CHELATE PA1.
Values are shown as the ratios to the concentrations at a flow rate of 2.5ml min". Note that lower values mean less removal efficiency of

trace metals by the trace metal removal column. Co was under the detection limit. Error bars indicate the analytical errors calculated from

standard deviation of triplicate analysis and propagation of errors.
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UTIZZNZET L, MESBEHEDY 7 212 X 251
BHRDOIE T 2R L7z, LA L, NOBIASHIE %#J500mg
AW CTHMESBREY 7 2 O8RS OR S %5.2cm &
L7234 T, WIGEE % 6.1ml min® % T R T
EDO08FELLT & 7% 5 & 5 LiESBIRE OET IR
SN oz, WEERE % 1T 7854 O NOBIAS Il 12
X 2WMESEOHESTDITHETE2IDTH I 0%

BT LIz, fEHEYEK (NASS-5, National Research
Council Canada) 200ml % @& S 5.2ml min® =4
R E B L CHIE LTz & 25, BEIMERHED
WBREHXMWIZINE o7z (F—2EWK). ZOFER®
5, NOBIASH#E ##J500mg AU, #am iRk
BB S 238 % 5.2ml min "1z _FIFTd, #Ek 200ml
O ES)E 2 NOBIAS i i fiife L Tk TE 5
EEZLND.

EHTALIRE DIRETS

FEERZ (NOBIASHIfE& & @WHE) 2&£ 2T, M
EARBIREIEE I K 6 1 % HEHmEIK L TS 7o
B7 7y 7K1 EOWEBBIRBE ERERLrZE
N7 EKBITRT, ZoFEERTIX, FHIZERRL::S
K ERWIZIZH L 5, FEERE T 5K D Fe
EMnDOBESEL T, ZOERE LT, HHPHEF
BRI U REE S E 2 b s, MERE T 7 v
ZWEKFP D Zn & Cd DRI, FEBrSM L MHEIZ XS
9, FZF40.00~0.07 nmol 1" £ 0.000 ~0.002 nmol I*
TIEL, WIZ8U U EOEWHREREZRLT:, Mn & Cu
T, WHEER OB THESE 77 v 7 Kb o
BEN LS HAPTRTOERSETR LN, &Y
DINZTEERTE~61TIHIEEH16.3~40.26%F (Mn),
1.35~1.651% (Cu) BEholz. MnTlE, EEREHM0
BRI &L o CTREFIRS S EL o57:45, NOBIASHIH
FH9500mg « WBIGHEFE 2.5ml min TIZ LB OB HNIZ AL
) BRERORTHULLIRHI/NES <, 6 12 LT HRER
1278% H o 7z, —J5, Fe TR OHEINIZHE S M4
B 77 v 7K OERE O EFIT E DTS THER
ENLDoTdbDOD, BHOEE % 2.5ml min' 22 5 5.2ml
min" 12 B3 & BREROFHIE2394.6% 2> 5 61.5% 125,
L, F7:NOBIASHIE& % #9500mg 2° 5 £J 250mg 12 J§
59 ERERDFEEEIL94.6% 25 90.7% 12D L 72,
ZOFRERIE, Yy b VB DMK E WP L 7285412, Fe
DFREXR 2 NOBIASBIF & & 0 @IEE OB 258 < %
J3 2L %RET 3, Fe, Mn, CuTNOBIASHKHE®EK]
500mg « FEHGHEE 2.5ml min' OB MESIE T 5 > 2 1
KPP DRE R HIEL, REEIEGIr-72Z2 06, Ik
YRR I HEREOMERE 7 7 v 7K EEN D5
1%, Zo%&thch s EHWL .

WELBWIEN S LOBER RS

NOBIAS BHIE 849500 mg « JBIGHEE 2.5ml min™' D Fh
S BT AWMESE T 7 v 7 koFRBO D11 (0
~11) E&DLOYD1I1(B~6]) 2B 2WESEOKRE
R LMESIRTRY 7 2 OFARBOBREKIITRT.
WESEHEDY 7 LOMHEZ3FE E THELLTH, M

BB ORERIFE TS, Imol ' TS+ 22 L
X D MEASEHIED 7 2% 30 CIXEMEATRETH
22 E%EFEL Lal, 5~6loMnoBERITY S
LOFABEEIC & ST TEWETH D, 61F Tif
METELWZ EZR LTz, MBEIZX 2 Mn OFRER
OARTIE, HHUHEOMEFOFMER (K8) LFMMB<T
Hol:ds, SHOLFPEETH-T:. ZOFRKE LT,
JHGE LB DMET I o 72 AiANEK O Mg (0.11~
0.29 nmol 1) & I~x, 4E O Mn DERE (7.06 ~
7.89 nmol [') MBHFE Iz E o2 2 & 02T 55, Mn
AWK TIIZ &AL A M L LCTEET 545, Mn®
FE—BB R OO 4E O i1 F Iz THEED
HERGERDR /NS W, ZOHEIE, Mn* O A F VR
BREL, B A A VPR DVNE Wz D ITESG A5
Wz, dRISEOETEET 2720, dBRITIESHR
TEFHPEEES, IERICEFIEEST 288124
LRDULIANT —THh DM THEENLT A VE =28
XYuThHsdZ EITLd, HEORMFIINT 2 Ml
AV OEAERERDOIEY — v 7~V 4 V7 L AR
5l & X (Siegel and McCormick, 1970), Mn idkE4
TRMAETFITRLTTY— v =7 4 ) 7 5 ARFITC,
Fe, Cu, Zn X ) d#AEREHRO/NE MUIZALES 2 2
L5 (Martin, 1987), NOBIASHHIE DECHIF & b #HiE
LT <, ZD7:DITHCEIGEE 2 mEE 04T
FMDOTEEL D SBRERNFEFITE R L EFEZ60 5,
— DB O b Bk OB RS & 2 E
BEOBETRLIRT. BRREOEEZ, £Toi
7K T41.6~51.9umol C I' DFPAIZULE - Tz, o
T, NOBIASHIfEOfA 1 H CE LN MERE 7 7
v 7 YEARKF QYRR 23ME—50umol C 1" ## 2 Twiz, 2
MO WTIIRE R L DB TEN b EZ L5
M3, Price et al. (1989) Tl%, Chelex-100 ®¥EH 0S4 +4>
TH 25 L Chelex-100 D'EREFETH 5 4 I/ ZFER 34
2z LB ENTEY, NOBIASHIIED 4 3 2 iR
RO Z L2 b, NOBIASHEIE 2 LiGH L7z W BEME 2
%. NOBIASHIEOMERA1EIE b & ® 72 FHETIE, M
BEE 7 7 v 7 WKOBEERFIREL, WKEHART
5.9umol C 1", 14%E2o 7. AEREZEOMTHEE (K
2umol C 1) %##2 2 L59umol CI'DBAIEE LW
2 %%, EDTA % 50umol C I #i4 2 Aquil 55 & Fb~x
5 LIRADOVSVIIID TR, F 7z, BB
DWW TIENOBIASHIFE O 2[H B T & L I: M ES)E
T IHKDO0~1 I TNH, JEESEH L CTE»o T,
ZOFERE LT, NOBIASHIE D pH R I W 7 BEfR
7 V=Y MEEIRORBADE Z b, HEKFRONH,
B TERW:®, MEREERMEY 7 0LHTL 3
RO OWERE 77 v 7K E+oRETE Z Lokl
THd., ZOHKERS &, MESRET 7 v 7#KkoE
FERFIE O IL, WKD82~99%TH D, WIF DY
IR Y 7 2 OFBMERIC X 2IRE OZ B I3/
SWEWzZ B,

BBRIC £ 2BREDRE
2K e M EREMIE D 7 2121~ 3k D K L
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Fig. 7 Concentrations of trace metals in each successive 1 1 of the low-trace metal seawater obtained by loading of 6 1 of filtered seawater to
the trace metal removal system. Amounts of NOBIAS-CHELATE PA1 and flow rates are shown in boxes. Numbers above bars are
concentrations of trace metals (nmol 1) in the filtered seawater used for the experiments. Error bars indicate standard deviation of triplicate
analysis.
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8 Removal efficiency of trace metals for each successive 1 1 of the low-trace metal seawater obtained by loading of 6 I of filtered seawater
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to the trace metal removal system. Amounts of NOBIAS-CHELATE PA1 and flow rates are shown in a box. Error bars indicate the analytical

errors calculated from standard deviation of triplicate analysis and propagation of errors. Error bars are not shown in the case of the removal

efficiency = 100%. Co was under the detection limit.
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Fig. 9 Removal efficiency of trace metals in the first 11 (upper) and the last 1 1 (lower) of the low-trace metal seawater obtained by loading

of 61 of filtered seawater to the trace metal removal system equipped with the trace metal removal column with different usage times.

Error bars indicate the analytical errors calculated from standard deviation of triplicate analysis and propagation of errors. Co was under

the detection limit.

WLTHELNTWESIE T 7 v 7K OMESIBIEE %
F2TRT, 1EIZEE L TESE 7 7 v 7Kz
WTIE, 3RIOEBROFR T ZNZIUR LT, HESE
Wi 7 L ~DBZ 3EHE YIRS Z & T, FebStDit
FIToOWTIZHEEE TH 2 0.05 nmol I i 12 g4
BBEZT 2208 TsT, MESEOREIZL DHE
M7y 7y vOEENHIBESATWE LEZ LNDIE
Wiz, YK CHERBE M S s Il 7T v
7 VONEREOEETH L7 00 7 4 v alEE pME high
nutrient-low chlorophyll (HNLC) ###23% 2. HNLC{f

HWThHsuREOWL OO THEREIRE 2 WE
L 7z Fitzwater et al. (2000) O &E5E & b2 L, 3[E5E
WL MR 7 7 > 7 Wk OWREL, FfEE (Fe, Zn)
2, 2H7E K< (Cu, Cd), ZnizoWTIXEEEHEOI
RIS L CERSIREZ H7: 53 & 415 0.003~0.010
nmol I (Brand et al, 1983; Sunda and Huntsman, 1992)
LHBETH- T2,

WERE 7 7 v 7 WK 2 HRER U 2IZpH %
TCICRSRENDH 5. e (2008MS) 13 3mol 1! KER1L
F VY LAEMERE T 7 v 7 WKISRNS 5 2 & TpH
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Table 1 Concentrations of major nutients and organic carbon of the samples used/obtained in the experiment comparing the removal efficiency
by the trace metal removal column with different usage times.
rup=—yy Bl

Bk NO, NOZ’IE*%\;ﬁ? — Loj’ Siom), R (umol C lrl)
K (1) 33.0 0.08 0.07 2.3 72.6 43.9
(2) 32.7 0.06 0.07 2.3 72.5 41.6
2@y (1) 32.8 0.07 0.04 2.3 73.2 43.4
(2) 32.5 0.06 0.04 2.3 72.4 46.6
pHEAEEMR 2K (1) 32.7 0.08 €0.03 2.3 71.8 46.5
(2) 32.6 0.05 €0.03 2.3 72.3 44.9
(1+2) 32.1 0.06 0.06 2.3 72.1 48.1
EALEIE (D 011 33.2 0.08 0.05 2.3 73.3 51.9
5—61 32.8 0.07 0.08 2.3 72.0 50.7
ffif2EIE (2) 0—11 33.2 0.06 0.57 2.3 72.8 48.7
5—6l 32.8 0.05 0.06 2.2 71.7 43.4
fif3mAE (1+2) 0-11 32.1 0.06 0.05 2.3 71.8 48.7
5—61 31.3 0.07 €0.03 2.2 72.3 48.5

Sk (1) & (2) 1, FHIZBRLUTGEKE 202 B ORERS CRIFE LTz, KU (1) & (2) i, zaziigk (1) 72
13 (2) oL, pHARBZZMHK (1+2) 13, pHIERSEHEK (1) & (2) 2RIFFETRAL, HH3HA (1+2)

1%, pHIREMRSEHEK (1+2) »ofERL .

&2 MEREFEY 7 2121~ 3FHE DR UMK L CTH L W IERE 7 7 » 7K £ HNLCHHE CH 2 u 2O REK & OWEGE

RWEOHEL (P 1R, n=3).

Table 2 Comparison of trace metal concentraions (mean + standard deviation, n = 3) between the low-trace metal seawater and the surface

seawater taken from the HNLC region. The low-trace metal seawater was obtained by loading to the trace metal removal column repeatedly.

A B L (nmol 1)

i Fe Zn Mn Cu Cd

WESRE 7 7 v 7 K e H 5Bkl 0.643+£0.132  0.062+£0.038 3.607£0.195 0.261£0.023 0.000%0.003

k2 0.685+£0.014 0.047£0.0563 2.875%+0.159 0.386%£0.033 0.0050.006

k3 0.559+0.131 0.013£0.056 1.747£0.075 0.539%£0.204 0.005%0.001

im2Mm H 0.138£0.034 0.014+0.005 0.309%+0.016 0.062+0.002 0.0010.000

JEE3MmH 0.095+0.001  0.002+0.007 0.044%0.008 0.0360.013 0.001+0.001
o A (72°31'S/172°31'E, #%£30m) 0.05 0.00295 B 1.92 0.55
(76°34'S/167°29'E, #£30m) 0.09 0.00174 1.89 0.38
(72°30'S/178°28'W, #J£20m) 0.06 0.003 1.64 0.49
(72°30'S/174°00'W, #£20m) 0.1 0.002 1.55 0.44

* Fitzwater et al. (2000).
PF—R;L.

Z8ITRL, ZOREIZL VAL 2WERIEDOEAZ0.02

nmol I' I FTH 2 LML /2.

ZORMBY ZHEAT S

Ny FEb.2em O EEBIIES 7 5 Z/EK L,

iz

23K % BIGHFE 2.5ml min” Tl L CHE SR 2 i

&, BEEERIULST 2MEsE 7 7 v 7 kb oEe
JBIERE 13 Zn & CuT#0.02 nmol I, Mn & Cd T#Y0.06
nmol I, FeTHO0.1nmol 'zt 2L FEaND,

LD

BEEDAER, Fe & Mn OIEEE A1 nmol ' 1 D 2 i
7KIZ2oWTIX, NOBIAS CHELATE-PA1 % 500mg F T

8B ZEITED, 6 1HEKE L TEIE L TDHFe, Zn, Mn,
Cu, CAdT78% MU LDBREREZER L. WESEERE
% HEEEE TH 2 0.05mol ' Kz 2 7= I3 WES
B Y 7 212 X 2B OBELFF3IET O B2 D 5
ZEBPEL B E T o7z, F72, 1mol 'R TOWEHIC &
D MEEEHRY 7 A OFMHANFEETH 5 2 & HWER
SNt AWFEICE ), H—oMELSEMED 7 2% H
WCHREREZSEE DR L THMERLSBREHEES S
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ZHW2 Z L T4010#KDZn, Mn, Cu, CdDERE
Z 12 HT0.05mol 'FREITTIF2 2 & 05TfRE L X o Tz,
LA L, FelzBI L TI%0.1 nmol I'FREMI S, 1FER
DEREL ST ODOEL W E»MIETH L., 1z, BB
TAIE R RE K UK BEAA T CEREL S 5 ¥R EE 397m D HEK
D ColFE L, MrFEEMEZEITH L TH0.12 nmol I' LT

& HIRHE N Z & D3b o Tz,

AW CHIFE LT MESRIE 7 7 ~ 7 #/KITIZLEDTA 23
MzonTBLT, T, FERBESLHMBREOERA
PIEEAERVWZ EDL, ZhE CEDTARHHERZFER
AN 2HEOBFNDd b Aquil B SHE & g, Hl
WM7TZ v N IR T 2SE N TV IR KB
Mz LT, WESE 7S v 7k EHWs 2 L CEH
BRI 2 MESE OXB ORI MED 2 & RS
na,

e

AR EED 2I2HT D, B RKFEAER 2 A
BEsp AR EEHMEEFIC S K OMBOREE - 72, 2 ZITE
CBHOREHRT 2. 31, FEHOHMNEWEST 2720
WD L CTTEW T EZMIFRE A BHEKICHE S E# o
BEHRT L, EBITHD L THW T SMFER, [HHK
WHRE DR, 120 BMENIC T o BRI EQTHE K
LR L B2,
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