BhAak &S 2311

WK D Fe(11)& Fe(IID) D43 Bl i~ S 572 AU DS DA~

il () 28

FOHAE R TS e PR ER SR R

B =

WK CIRERIR S 13D TR, 2 M8k (Fe(Il)) & 3 Dk (Fe(111)) D43 Bl E 1A TEEL VY, TNDHDE & LD
S, JE DIRE 72 8 F IR REMER DD, KD Fe(I)E Fe(ID)NE & TEXIVUE, HEHERE OEREE RO
TEDIIRLT, ARRBOBEEEDZREI DI ZIISLHOEE 2 DD, D E)EE Fe(I)DIEE O & S THfi T&
UL, WK OEMIZHRT T HIEHED i CE LB 2 72,

ZIT, ABFREOFHEIE, BAKLIZEND, ZNOOSERE RS, Fe(I) XA RA SRS, ZD EEHE
AT AMAESETHBAL A WRE N OB &0t TREZFLZ L% 2 72, Fe(I) DML 2T, ZER Fe(ll)-
1,10-7 = F o bV g5 R E BT 2 I8 R L LT, HITF KD Fe(l)iZmL 7 aRX 7 L — A A AUE &R
(ESI-MS) THIESHLIZAY, #EAKH O Fe(I)DE BITIEFIRE NS W D INEETH D, Fe(I)DEEILEBL T80, ZiE
72 Fe(1l)-phen (A ZTE AT D LIS L LT,

ZORER, WAKT D Fe(I)DE RITHIEIRE N @O RNEETH D, 500K (B4 1%) O Fe(IDEE X
0.184 £ 0.05 uM THY, FHEFES T 7 A~ E &L (ICP-MS) 12X 54 Fe ¥ (total Fe) 1Z 0.70 + 0.05 uM,
Fe(I)/total Fe |Z/AKH DA Fe D 26 % Th-o7z, HI KD Fe(l)IREIX 0.146 + 0.002 uM, total Fe 1E 0.23 +
0.02 uM C, Fe(I)/total Fe I% 63 % Toho7z, —J5, ZEEJITIE, Fe(I)#EEIL 0.230 + 0.013 uM, ICP-MS (ZL5 total
Fe 1% 0.59 £ 0.06 uM, Fe(Il)/total Fe I% 39%23 553177,

W 7T T RATE S TR ERER THLMED Fe(I)DIFENR AR (D MIEE) THY, —F5, Fe(lll)ITAH
W7 T IS TH B ChD, EM~DRFEITLH# LD Fe(ID)X, KD ENSERTEHER/ ST A—H—LIpD,
Fe(ID D FE 3 T ASMI S OSSR I, B AROINIIK LMK DRt rl BE72 BR B 28 LHERF S QD Z e AR L T D,

AW TIE, HR (high- resolution) -ESI-MS DEk % 7o/ 735 ESI-MS 1255 Fe(INDE & D mELA H L7,
FRRITIE 25 Lo RO HIE TR CVAKIKO KD Fe(I)DEEERIH ORAMERAE 1:121:2L32522T0.1763
+£0.0176 pM DOFEFE, BION1 11 & 1:3 LF5287T0.2544 £ 0.025 pM EVV)FE =P CHBMEOREMD AT REIZ 72>
Too 51, 3.4%%H 2 DHLIRE O K F OISR &Sk DOWIE LT 5 ETiE Fe OIREBEALSSRMEM D ELE 2
ToRTLERE DY R ATV, ERIEOHEZIVENHDICL TOLKILEDRHD,

1. iIZE/M T5& 0.01~10 nmol/L" 2 LB SN TV 5, EEITIE,

HIERBRBEIC IV TUE, 8k (Fe) 134 &L T 2 ffi
(Fe(I)) & 3 fifi (Fe(II1)) 23FAET Do $RIZZ DAL
LOTRINT ZEDTERVVIRER ThHD, FrlZ, MK
HC IR BRI B 13RO TIRS, Bk m A NEE [EIE CHllE

TE B IEOREST, JE O OB E EI MR
REMEER B D, WEKS B IRKF DD A1) HIF]
FREN, WEfEEO @ Fe(IDIRAFT 5 Y, 04, £
WA, MBI RUTISh, Fe(I)D 4 A3



A&, Fe(I)IZIha > RU T NI AFLRWNZ E A3
BIMNIIe S TETCNWD Y, 20728, HEEF OOIFE
TERER MR AR 3~ 5 Z 81, ORI K
FNTODW, T, HEHSN QDT ——R T
F2 TR FEDOEEICHENLDEE R T,

WK P OEROPRE L 0.01~10 nmol/L" ¥ L X
TVWAN, EERIZE DORRED Fe(I)E Fe(IINAMFIEL T
WDIE BB ESI TR, 2, HEKICH R
Tl EUE I LA BREBE D LAY, 35% DN E £ T
WHZE, RN S AFAET D12, RO HEY
NaEN, RILKEE, Zo OB ENgRAA L Dfg
B BITIZEDINTHF LG LTI ILNTR-T
WRWZENHR Th D, SHITHFLERIZ AR E 7 H
REGAERL, B EETTONEK T OB D 530 A A5 HEC
STV, HEKT D Fe(Il)k Fe(IlNE & TENIL,
Fe(I) DA 0 & 3722 L OB BB E D
T, ARFEIOMRE OB O 3T I H &I
DOTIFRVINEEBZBND, LTZn->T, O ENE
% Fe(I)DIRE D &S TRl CENIL, WK DAY
2R DIE DM CE5E3 2 72, Lin b, KT
DEROWPEIZOWTHRIE 2L 5, JIEFIEDEN
IV RERDHY, VT IO HFEIZB O THHEKF O
TSR R A E B2, JIE 3570 OEF A /2L T
720, BUIEWE K OO E&IZH OO RIE LI
FIZ3 DD,

D B8RS 7T A~ &5 Ak (ICP-MS) & -
RO EREITIEND D, WKDOLGAEIZIL, RILEELEL T
HOPEBRDBLIETHY, fkx 2 TIENBFEINTND

5-11)

o

2) G E T, mWEAOEE (M = 562 nm)
ZFFO Fe(ll)-7 =P ((3-Q2-E BV T V)-5,6-EA(4-
T 2= )V AOVIRIR)-1,2,4-N T N EER S VS
HZENZN D,

3K D Fe(I)DIREARDDHT-DIZ, RAH AR
U—{EL DD P19 {8 EC Gin situ |2 55) TE &
TX, BANSHIEETO Fe () DERLEM S5 TS
TRy MR® D,

ZNETHFAK O Fe(Il)& Fe(IID)D i3 43 B D
HLUTE, AL ET b oo R EE R
TR B H- O FEE 3 S TEs Y, Fe(ll)

17.0 £ 3.3 nmol/L FJL O Fe(Il) 10 - 25 nmol/L Tdh—>
7o ZNLIAND Fe(IDIREEITHMESALTURUY 1510
—f%IZ, REEOPEIL ICP-MS 2 L CHIESnD
ZERZ W, RIFFETIE, L/ RAT L — A A AE
AT EE (ESI-MS) 2 VTl F KBS LOVRK T o
Fe(IN)i 2 W E T 5 HEEMRFLTC, Fe(l) &% E 72
BER 2 3 23K L L CTIX, 1,10-phenanthroline
(phen) %> Ferrozine, 2,4,6-Tris(2-pyridyl)-1,3,5-triazine,
2,2-bipyridine 72X Fe(Il)& 74 L7z A%+ 5
BHRERT IR A LT ek (WY EETR) 23
Do MR, WS T, WK O Fe(IN) D
FER1GDT-DIITEE DR R L TND, RIFFEOFEH
X, BAKLTZG0 D, ZNOEEERE RS, Fe(l) &
FHESERZ B RS, T DT HRE A fbst
THBEEWREHOE & NTE CREEZELZE
Thd, EHIL, ESI-MS (25T, HKIBIOVAAKIR
TORERPEEND Fe(I)E Fe(ll) & € &I HIEABEIC
WAL 1718, L, BETEOVRAKIBIZISITS Fe(Il)
BEONEICHREDR ERLETH T, 2010,
WEDOEROTEAPIRED B2 DRI D7D WK DOk
D (E VA A E 8D 1A DO BT ICHREA T,
ESI-MS IZbZ N ZENMERENH Y, % H X, high-
resolution DREIGRIODE BE/3HTE HV DS, EITHIK
ERRRL TS0, M 2 B TF e i
7=,
2. RAE
2.1 &E

FeCl3-6H-0 (FeClz; Aldrich Co.), i FEER TR L
KF# (NaClOa*Ho0) , St IV I, A% ) —)v, Tk
r=KJ)v, 1-~TH )= )b, RXVBr, VI, =k
ARUPy (NB)IEE L7 4 /b 2 F0 G R D Bk 3 37
BATFTLIz, SHEUEYRIE Fe 100 ppm, 1,10-7 =)k
U s —KFn# (C12HsN,-HoO :phen EFE#T5), 1-70
PRIV, ranFHy, T AU RS
e, kel Sk D152, NB 2SR VEILE LT,
=27V Pk (Thermofisher Sci.) % 25°CTD
Fe(ID- & A O i H (2 A L 7=, 5 uM FeCly, 50 uM
NaClO, Z N & 72 /KFEZFREL, NB IZEMFEL7Z 50 uM
@ phen NOIRDAREERR A ALy 7R ELTHERIL,
FEFRIIEC Tl B A BRI & 5 L 72, 50 uM phen DA



b 7SRO T2, T TOKIL, BHAKE A,
Purelab Ultra system (L fEHT 18.2 MQ - cm; ELGA,
Veolia Water Tech) & Fv 7=,

JKFHIZ FeCly & NaClOg O /K¥EWE 10 mL, AHEMIZ
10 mL @ phen-NB ¥ %N %, =ik o1 C 20 43R
LT, TRBOGHF ORI EZLT20, FEOKE
1T BEL 72T,

2.2 RESFH

HR-ESI-MS (JEOL ; IMS-700) i%, 2 > O] E £
—RTHERINTWD, 1) 552475 95 scan mode
L ) WA ELTHEL m/z ZE TS sim mode
Thb, KHEEHBEHEOREIZIEAR 7 (LC-20AD,
B RLERT) 2 IMS-700 (ZAMERICHE e LT, ZDHE
f6t % Figure 1 |28 3, ESI-MS O % & & %
Table. 1 (/" 9, 2V 7LD 04mL % | mL H7
AV THBENOERIRL, A Y= —%l
L, ESI-MS 1TEA LT, BEVHEIZIIAY ) — L%
AN, 0.20 mL/%3r DPE T 25 L 238 A L7z,

BEHEF O EMZ T 7225, NB FIZ phen %
3 HIMEME T2V HIE T HZEnbroTz, SIM
E—RTO Fe(I)DE &I, m/z269.5 D[Fe(phen),-
NBJ**& m/z 298.2 D[Fe(phen)]s2" ™D 2 DD — 7 i f
IR TH ATz, RERREX, +2ICmRU%,
ICP-MS (Agilent 7700x) Tl & L7z, Ml & §& %
Table. 2 |Z7R 7, 7283, SOICHIEDKEL EiF 57
WIZ, BSI-MS DA A AT AT L~ THfiEL,
T RTORE SR EREFTLE LT,

2. 3 ICP-OES ZRAWL\=7x/—I)LHF®D Fe(l)DF+
yJL—=av

100 uM FeCl, & 300 uM NaClOs % & Te /K ¥ %
10 mL & NB 1 1000 uM phen % & T A BEA T % 20 4
MHRES LT, 58, 1m0y BiElC KAk ke S B e &
STHEL, AKAHZAHIE T 5 FRICATIRL TRAEAYIC 1%D
fEERLL, MIEZTT o7, fHATHR O KFHH D Fe()i=
VX, FFERE S 7T X~ 305 e oy T 44 & (iCAP
7400 ; Thermo Fisher Science 5L Z IV CHIE, £ D
5% Table. 3 (RLT, $k& EREIERT 2720,
1%RHEE FHIEE 0, 23, 100, 220 uM OERIE HERR R A
W B A ERR L 72, ICP-OES THIEL /=B D
EARRE R2 =1 M53H 7=,

JMS-700 (JEOL)

llf—}=_ Detector SEM
=i voltage
f probe

Applicd voltage
~and ya
z/ Nebulizing gas |/

~_ 1
()riﬁc}a i

Vacuum

LC-20AD(SHIMADZU Co.)

Flow rate : 0.24 mL/min
Mobile phase : Methanol

¢
\

Manual injector

Desolvation plate

Fig. 1 LC-20AD & IMS-700 Z#5 & L=l E

Table. 1 ESI-MS (JMS-700, JEOL) O il iE 54t

Ion mode

Sample injection

Degree of vacuum (Pa)

Mass range (/=)

Flow rate (ml/min)

Needle voltage (kV)

Orificel voltage (V)

Ring lens voltage(V)

Ion guide voltage (V)

Orificel temperature (°C)
Desolvent plate temperature (°C)
Detector voltage (kV)

Drying gas flow rate (ml/min)

Nebulizing gas flow rate
(ml/min)

Positive ion mode
Infusion
2.00 X 10*
10-1000
0.2

1.4

53.92
67.56

4.8

80

250

1.5
1.5

Table. 2 ICP-MS (Agilent 7700x) D E 51+

Analytical tuning mode
Plasma Mode

RF power

Plasma gas

Carrier gas .

Dilution gas .

Collision cells

ultra-robust mode
UHM

1550W

14 L/mmn

0.24 L/min

0.71 L/min

He 4.0 ml/min

Table. 3 ICP-OES (iCAP 7400, Thermo fisher sci. co.)

DLETE oA

MI7E S5 1n) FYT N
RF power (W) 1150

7 217 A (L/min) 12

B A (L/min) 0.5

UV %7 7 A 272 77 A (L/min) 0.5

I JE ¥ F= (nm) 259.940




2. 4 TKDYUTV T A EEER

R OIETESE (b 35°41'43", HRE 139°38'54")
O KE 2020 4E 11 H 25 BIlCH> 7V 7Lz, 5
AT X T, BRr— LI BON- e THD,
MR KRS L 045 um 7 40— (GL A=A
FEED ZERL, 2V — RV (RSt T AT R
FZ 1000 DY —> Jb— LT, Fidkil CIC HFZEHT
752 1000 DIV —1 b— L THEE) % FIVERTL
72o HIFKASERELD pH 1% 7.1~7.3 Thotz, Yo
TVIRET 11~14°CTH 72, (FK, 2020 4F 12 A
9 Hisk 102021 453 H 3 BEUS) . ME/KERER 1318,
5°C (%) ~25°C (B E) ThD, ZOMREFFA CTOIR
FEZSENX, WKIRD ESZERLR, 37X To ESI-
MS HITE L, BbOY LTV 758 2 B LANICAT
W, BT TEAZNT 20°CIZiE D7,
2.5 BKDYUT)UTHikEEE

PRI, RO & i ST |2 P a7 1 BR A
(b 35°37'33", HURR 139°44'46") TERERL 7=, ¥AK
AREHE, KENSOES 2~5m TRV T T
U7z, SO IREIL 1% ThoT, o7 i
0.45 um O74N%— (GL $A = 24E8) cAIL,
TEALPTRL 7Y —2 ARV (elass 1000 D7 —2 )L
— D)L=, ZRSDH 7 L OFEHEE G T O
Fe(IDJ& B 1%, 0, 0.025, 0.05, 0.1, BXL* 02uM %
10 pM NaClOg THAR U7z, HERE “#IRDOE &b
N—TEIZ72DHEH0Z, K H D 7 HAEIIZ 5000 uM phen
® NB AN 7R AL, NB TARL T 10 uM
phen Z & e AR ATHRIL 72, AR 7245 k252
Br=x|ZIE TN, 547 LANIC ESI-MS T Fe(IZ#I & L7=,
2. 6 FEHBICKD Fe()DEEEIL

I O BRI T, AR S AR O IR
EMRDHIET, KFD Fe(INDIEEZ L THILENT
&%, I T, Fe(I)VRRDIREE —EIZL T, AFEAH
I T2 L E DB A RFI LT, Zhic XY, Kid
EHFEFE (FEBRIZIE NB-phen) D b2 2 C, i
& D EREb AR LT,
3. HBRLEER
3.1 kAR E B D Fe(ll)-7z/—ILEEEDRH

Fe(ID)' 20 D22 M g%k (logio k = 21.1) 1%, 3-(2-EY
VIN)-5,6- 7 2 =)1-124-R) TV (PDTZ) & Fe(ll)

(logio k =15.6) :3 LT EDTA (logio k = 14.3) DZZEMEE
BIObEWZ®D, Fe(I)DIEEAHH O 7= DF L —h &
LT phen Offi MRS 2V, pH 2~9 DJRV Vi
THEOARER T DL, S EEICBNTH
FITH%, 1,10-phe-nanthroline HCI (phen-HCI) % F\ 7=
K C, $ER BRI EDMHBRA Y 13 nM, 12
YERINEICE D ZEE) IR D Fe(IDIREED 023 uM &,
phen $EAI252 Fe(I)DAFAENTRIBSNLCWD'Y, 7272
L, ZOFFETIE, phen 2% L —hE U CHEEFIZIRRL,
AT NB LifE 7R 473 Fe (1) -phen
DRIAF L ELUTHER LT, 772 7855 (50 uM phen)
D~ AART V% Figure 2a lZ7RL, [RIESNV b4
BEEDT-, mz181.1 OE—ZX[H(phen)]", ZiLix
Okabe H b [EEL TD, AWFFETIL, NB & phen &
H', ¥ 725, [Napphen)]" (m/z202.8) , [Na(phen)-
MeOH]" (m/z 234.8), [Na(phen)-NB]" (m/z 326.1) 3L
[Na(phen).]"(m/z 383.1) 72& @ Na*-added phen species,
Na'-added NB, ¥ 3 LOBEHRDAY ) — /L3
NTHRHENT, AAACDBRICAERS = D), 165
BOGIZ R D DIRDINIAHTHD, L, 7T 7%
HRIZIZH T T Fe(I)-phen FEMRHHS L2, ZAUE,
AREHE AR EBEH D 100%A% /) — /L CHEELTZIC
BB, AX ) — )V TRRETE -7, 2T,
BB AN LR R O Fe(IDIZLD IRENED =
W, iR E WA R T-, D729, LIED
T RCOERTIL, 7T 78R RSN Fe()-~7
= )= AL FEREOBEZ K FIE D701, A%/ —)v
IZNB ZUsINL7z, AHMA T, REYMOREEIT-72
A, Fe(I)H 5 Fe(IN)~DELIZEE TERW, LosL,
NB (&SN D Fe(ll)-phen $&AH D Fe(Il)id,
NB T ORIFEE TR EE DD TR 2w, BRbEhs
AIREMEIRIRWEEB R bND, RXvFrmrTx ) —)b
(PCP) %[Fe(phen)s [ D xfA 4 L CHWT NB T
L7 BRI, ARSI S 407 [Fe(phen)s]* DOW
JCEED Y JCEERHC 5 RefEf b 2 b L 22 o722
ERIESNTEY, ZOZEDD Fe(I)iL 5 FE#ZZE T
BB 2D LIER-T, SV T % 5 BERLINIC
Fe(IDZHELEEREK T 5L T, RARKF D
Fe(INDEALZHS ZENTELEZ BT,



3.2 NBH® Fe(ll)&Tz/— LD HE
ESI-MS D EHE ARICEELHIINT 5L, Fe(IH)75>
Fe(IDIZEETLSNA ATREM DB Y, Fe(IND IEFRY]E

IRIRDAREMER D, T2 C, ZOHAH f@%’f?#l‘?ﬁ“éf:
DIZ, 1 uM Fe(ll)Z & e KAHEIRA LT DO HHEFED

VAR MV ARG, RS BRI
[H(phen)]" (m/z181.0) T, fi i NB (ZH kT2
[Na(phen)]** (m/z 383.1) 72 & DB — 7 M@ R TR H S
7z, [H (phen)]* (m/z 181.0) 1ZIFIE 100%AFTEL,
[Fe(phen) 51> (m/z 298) 1% 0.88%771EL 7= (Figure 2b),
Fe(II)IZH KT D —ZIFM Mg, ZOAXIML
1% 50 uM @ phen & & 07 T IERIRD~ AART (L&
AL TV, 1 M Fe((ID) DA HEI2)3) 353, NB
H D Fe(Il)-phen FEDFRE X, IZIFFLD, ZHLLTFT

&7z, NB i H? Fe(ID)-phen {LF LD E BAHICH

ZRHWHHICEBITD Fe(l)-7 = /— VO EEEB X
UBETERK ’ﬁff&uoeu\&f* a7,

B ENTERIC A A oAb LT3k 238 A5 5 B,
ESI-MS (3 [ Tuning (Z B84 % £k % 72 2&4) (Table. 1)
ThHDHONTEOEZE (Pa) , BENVHOLARE
Fy 7 U —ZHINT 5 =— NLVEE

kV) , AV 74 A1TEE (V) , FV 74 A2
JE (V) , Ly REE (V) , AU 74 ZEE (°C)
IR 7" L— NMREE (°C) 7¢ & DM % Tuning LT
A Ao iREEE B BEL TS, 22T
Table. 1 (2L > CTHRELIZHIESRMFESOITREILZ,
ESI-MS ORTESIFIZIBNT, BAS T L — N O
% 350°C, A A MHERD TV T T 1 fE, T T H
R 1 RFIZ3RE L, SCAN E— RIZTHRIEZRTT -7,
BENEO T 0.05 mL/min (Z[EE L, BB

(mL/min) ,

R MIF ST, Lizi3->C, Fe(DH:AFIL, NB ZHIE L C, JIE UREA 565 BT,
5989%%
100 - 383.1
204
202.8
B0 4
40 326.0
201 aLo |Z54B
0- T -t T i 1 - i | i T T T T |m/z
100 200 300 400 a00 GO0 OO 800 900 1000
Fig. 2a NB H1® phen ¢ ESI-MS A7 kL
m/z 181.0; [H(phen)]*, m/z 202.8; [Na (phen)]*, m/z 234.8; [Na(phen)-MeOH]", m/z 326.1; [Na(phen)-NB]", }
m/z 383.1; [Na(phen)2]*.
20946%%
100 A 202.8 sl
804
151.0
B0 4
269.5
404
3841
20 234.8 l
2238 |298.2
0- T T rei- B = | 1 T T T T |m/Z
100 200 300 400 200 B0 700 300 00 1000

Fig. 2b NB (Z phen & Fe(I)% 12 C Fe(Il)-phen Z 5/ LT-E & D ESI-MS A7 L
m/z 181.0; [H(phen)]", m/z 202.8; [Na (phen)]*, m/z 223.8; [Fe(phen).-MeOH]**, m/z 234.8; [Na(phen)-MeOH]",
m/z 269.5; [Fe(phen)-NB1*", m/z 298.2; [Fe(phen)3]**, m/z 326.1; [Na(phen)- NB]", m/z 383.1; [Na(phen).]".



3. 3 phen ZAWV-BEHBICH TS Fe(ll)D
i EE

BHEFHEAKFHD Fe O4ELELIL log D = 2.4, filH3E
I% Fe(I)-phen DFHE TIL 99.6% T 7=, ILADIH
L7 Fe(IDD 43Rt (log D)1 1.0 BLE 2 THHZ L
25, Fe(INDAlHERITH K TH 90% THY, Fe(I)DHl
HRR S THDHZ LN DD, L2035 T, NaClOy & 5%f
7 =41 &L phen ¥ L —heL T, NB 2 HEIABEEL
TAKMF D Fe()ZHH 35 1L1X, Fe()D E &I
W FTRE THAH LML=, NB & phen (3Z2H7 g
R EELFEALRLTL, AWVICE W EEZ R, 4
JEBA A Na"&£721% Fe(Il)iE, phen CEFEFEAL TR
-phen $EAZTZALL, AR T NB LA ASEHLT
[Na(phen)-NB]*%£7=1Z[Fe(phen), -NB* &L 5, &
WRZ AU, NB 137K 57 720 phen (ZxFL CiEv vl
vtz RE728, Fe(I)& 572/ LLT= phen 137h%%
A REFR I H S D, Yamamoto ST, Z1Ui% NB
OF BRI EL, Fe(Il)-phen 237K FH 10 NB (IR
LT W RTHHLFERIL 22, B =R 2R
T3,
3. 4 Fe(ll)-phen $&{AMD NB 8K UIT S IHTD

ZEM

Fe(I)-phen &R DA ARIZIH T I FL T T
ZREERIBRIZ, 1 H B2 BN, 3 H B CWV-iricsE
J 5L, £72 ([Na(phen):] % <) phen |2 HX> Na*,
AB )= VMU 1 B B2 DMEmIC
HY, REf 22T T phen SR FREINIZH DT LD
Dhotz, LnL, [Na(phen).]" (m/z383.1) DA% 1 H
H2GHOMEMIZHY, 3 H HZAIEHISET D03,
B, thed phen OFFINSEARA T T NarZ {0
SR TLEI o7, L EOBENS, 3 B BHUKED
T T VRO FHRAEY, [Fe(phen)s]> 235 5 (2T
RENDEH7IREE TS, ESI-MS 238 NB VAR DI fif
RHEZSE R L TN ST BRE W, S
A7z NB H1D[Fe(phen)s]** (3 L2 OFFEIAS: )
I%, ESI-MS DA A {biEF2 T[Fe(phen);]**2>5 phen
N BET DT, B2 TR ELEEZLN, 55
H7-[Fe(phen)2 ]2 13 & FH D NB 1 Tl AR 22 & (AHEFD
DPEVY) THY, A% ) — Vb BITEIET D, BHE
AVT-ALFFE X [Fe(phen)s]*', phen-NB JEiZD NB &4

Z )=V IE ChD S SIS, ZOHEIT 21k
2 70(4-5) 277-282 (2021)"\ZF£EHTEY, phen $EK
B4 5LXZ, 3 BLLLE phen & NB & A2 &<
ZiizlL7,
3.5 NB H1® phen #RALNMAEEMHIZ&DRARK
F D Fe(l)DEE

KERIKF D Fe(INDTE EIZIE, MDA DTN E
BONTICETHIER B, FRIZ, =5/ (NI, &
$758.69) I phen LERAIZRLL, B EH0H° Fe (B &4
55.85) 1ZHTV 23, ESI-MS (JMS-700) @ SIM E—KR T,
Fe(IDD E BB D NIIND BT, SFREN E -
DIZHTBERTRE Ch %, BIE, FEBRO/3EREIT 1000 12
BRIESIL TS (IMS-700 THELIA /3 fiRFEIE Am/m =
100000) , L7=7%3>T, Fe(Il)-phen {t22fEE Ni(Il)-phen
bR 2 \THRIE $ 528N TED,

FEAETRANEIC LD 1 R K OHE AZHEFRINEIC LD
Fe(IN DA EARIE R? =0.991 2457-, #1i F/kH1 D Fe(Il)
JEFEIT 0.146 £ 0.002 uM ToH 7=, 1% Figure 3 (2
R, ICP-MS 2 H Wi &8 o E & %,
0.230 £ 0.02 uM %4537, Fe(I)iZ4: Fe @ 63~64%T
B, ZIE)I R L 431 B O A e 25— ki
JII) D Fe(ID#EJE% 023 uM, # Fe JEE% 059+
0.06 uM EHEL TG 17, ZZ2C, Fe(ID)B328k5r D
39%% (G HEFHR I T, R DOFRIREE DS SO
W, FIAKICE ENDT VRIS T IV E D&
PEMVE 2 N TRICIA S 720 IKICE Db D EE 2
b, T, ZENETINOKZOMEDE NG S X
HND, HTF KDV TV T HLE S 14.5 km B 7=
i 50 S DS ER B L 72 2K I IR T, 22K L DR b D
WAL IOV T REZEHER A B 72280,
Fe(IDDENE @ WEBEEE 2 LD,
3. 6 HAKFBIZHIT+S NatlZksd ESI-MS DA 1k

il
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Summary

Iron is an essential nutrient for many organisms. The concentration of iron in seawater is reported to be extremely
low, ranging from 0.01 to 10 nmol/L when measured by the iron colloid coagulation method. In reality, there are still
problems to be solved, such as the establishment of quantitative methods and the sensitivity of measurement. The
bioavailability of iron in seawater and natural water depends on highly soluble Fe(Il). Recently, it has become clear that
only ferrous ion, Fe(II) is utilized for biological metabolism, oxygen transport and mitochondria, while ferric ion, Fe(III)
cannot enter the mitochondria. Therefore, we believe that elucidating the existence form and bioavailability of Fe(Il) in
the ocean will lead to the improvement of ocean desertification, and will also be an indicator of the abundance of the
ocean which has been the focus of much attention in recent years.

The concentration of iron in seawater has been reported to be 0.01-10 nmol/L, but the actual amount of Fe(II) and
Fe(III) present in seawater has not been clarified. If the richness of the ocean can be evaluated by the concentration of
Fe(Il), the activity of Fe(II) on organisms in seawater can also be evaluated. Currently, there are three main methods
used for the determination of iron in seawater.

To prevent Fe(Il) oxidation, Fe(II) was complexed to form stable Fe(Il)-phen (1,10 phenanthroline) complexes.
Fe(Il) in groundwater was measured by ESI-MS, but determination of Fe(I) in seawater is difficult due to high salt
concentrations. The obtained Fe(IT) concentration in brackish water was 0.184 + 0.05 uM, and the total Fe
concentration (total Fe) by ICP-MS was 0.70 = 0.05 uM, Fe(Il)/total Fe being 26 % of total Fe in brackish water. The
Fe(II) concentration in groundwater was 0.146 + 0.002 pM, total Fe was 0.23 + 0.02 uM, and Fe(II)/total Fe was 63 %.
On the other hand, in the Tama River, the Fe(Il) concentration was 0.230 + 0.013 pM, total Fe by ICP- MS was 0.59
+0.06 uM, and Fe(Il)/total Fe was 39 %. These are consistent with the idea that exposure of Fe(Il) to Fe(Ill) by
atmospheric oxygen is a major factor in this river water and brackish water. In brackish waters with high Fe(II)

concentrations, the total Fe(I) content comes from oxidation from the atmosphere and hypoxia from the seafloor.



