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We studied the total dissolved iron concentrations and photochemical formation of Fe(II) in
coastal seawater samples collected around Okinawa Island by using a Ferrozine (FZ) reagent.
The total dissolved iron concentrations were the highest at sites receiving large river water.
Red-soil polluted sites showed a higher total dissolved iron concentration than clean seawater
sites, indicating the impacts of red soil. Fe(II) was studied by high-performance liquid chro-
matography using the FZ reagent (FZ-HPLC). We improved the reported FZ-HPLC method by
adopting Poly Ether Ether Ketone (PEEK) materials to the instruments and joint tubing to mini-
mize contamination from the analytical instrument. We also used a suction needle adopter so
as to prevent the stainless-steel needle from contacting the injected solutions. The photochemi-
cal behavior of Fe(II) was studied by using a solar simulator, and the Fe(Il) kinetics was roughly
divided into three types. Type A was that the Fe(II) concentrations were almost constant during
the irradiation experiments. Type B was that the Fe(II) concentrations increased for the 0 to 5
minutes of irradiation, and gradually decreased after that. Type C was that the Fe(II) concentra-
tions increased with the irradiation time until it reached a plateau. It was inferred that the
photoformation of Fe(II) was strongly affected by the dissolved Fe(III) concentrations, dissolved
organic compounds, and salinity. It should be noted that since the Fe(II) concentrations were
not zero at the beginning of the photochemical experiments, it became evident that oxidation-
resistant Fe (IT) species existed in the coastal seawater samples collected around Okinawa Island.
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WEKFTOHKDOILFREIL Fe(Ill) LR TH S L2
LNTwab. ZRUE, KT D Fedl) & Fe(ll) &HEL
THEMEIE DS, BERPBBILKFZELR LI L TTIER
CBILENTLEY "720ThD. LI L, EBOHEK
G Fe(ll) 2 S 7z 2 V%R FATIZBWTIZ T H
FELTDH Fel) PERBILHFAEL TV ERE, B
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Fe(Il) &, Fe(IID)-HHHEMRIEPRIEI S L0k
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Fe(Il) LPFEE LB WVIRIEIC 5 2 Edh b LG T
wp,
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CRBIh CEE R E AT,

COLEHITHA R TEETH 2#HIZONT, KAk
AR TOEBFRREOWMEIIHE L H B, Akt
T Fe(ll) DWALFEN BB RIS TOMEMIZIZ
LAERG, 22T, AR TIIMBEDEEKTOLE
fE8k [Fe(ID) + Fe(IID! MR &AL ERK T 2 Fe(ll)
ZREL, FOEHrHLPIITLEIEEZEWE L.

2 % LS

2-1 HAEELBKOYLTVLT

AKWFFETIL, Acros Organics B Ferrozine (FZ & B53)
98+ %) ZH Wiz, A% =7 M) LIZHHR
fbFBEoEERK s O s 7571 —HEHC. Z2oft
DFRFEL, TRNTHFFHONMAETH - /2. B
BNIEHAAK (>18.2MQem) FHW 2, BMAKSREEC
(& Millipore 4 Milli-Q PLUS % Hv 7z,

2003 4F 10 H 18 H2*5 2003 4E 11 H 10 HICIHMAR
UMHETR)TFL Y HOVL 2 TEEEK (KHEH»
5#10cm) L, 045 um DERYF +S 704 0L
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F L ¥ (PTFE) W7 4 V¥ —TH IR FRL. B
7 ¥ %L, Table 1 KU Fig. 11238 L7z, &V fesk
WE FREHZ, HuSO, 2 MA T pH % 2 fHEICH B L 72,
L, WK% EOE pH TIRIEFES D Fe(OH), 2
EDOBBEORNMEAFEIZZELTCLE ) OEB DT
H5H. CREFHEENL, FBLHT SR CREL,
FEBRETHEARAE (~4C) L7z SR LA#HIC3EH
WEREIT- 7.

RSO BEL, FZ % 22k T - 72,
Wlke Fax V7 v 29 28 MAT, ABPICHEET
A EHEA Fe(Il) + Fe(lID} % 3XT Fe(I) 2@ L7z,
Z D%, Fel) \ZFZ%MA, 5cem MR Z AR, #&
K562 nm (& = 27900 M~ em )" 12 BT BB EE %
B L7z, REIIAMY E UTIAET 2ME O, Bk
77 7EmRE LTELTE, Abho2BTEkEE %
Kbz,

2:2 Fe(ll) DEEEDYR

WM AKFHO Fe(ll) BEIE, #30~40nM (nM =
107'M) LRBETHS. IoT, HIETEHITIE,
OKIBRANLEE ShD, KBETIEY 52 10k -
THRE SN Pz REEFH O EFERRk o~ 757 4
— (FZHPLC) #E& R LA/,

£ ? FZ-HPLC DY E T % Table 2 1ZmR L7z, b K
E gV, BN OHEERLRE A ¥ V7 1) — {Poly Ether
Ether Ketone (PEEK) #| 2Lz & &, AF2HAT
% B#IZ Sucktion Needle Adaptor (9125-076, Rheodyne $4)
R, BATLIRFEAF VL AOZ— P s L 2%
WEHILLAZETHE., ZO2O0D0ETIZL - T,
HPLC ¥ AT A BRI 5 DBDFEREH I LNTE S,
72, BEMHIEIASY =V @BHK=3:7, RVTOhiE
£ 1.2 ml/min, # 7 A& Inertsil ODS-3 5 um 4.6 X 150
mm (GL sciences 8) IZEBHT L LIZX - T, HEMK
MEEMTAIEDTEL, B, TNV —T1E 100
ul, A7 54 —7OMEIL 40T, HHBFOMEEIE 295
nmilFTHIEIEoT, WELZEY -7 ZBERCHIE
TBHIENTES.
ZDVATALATHMETSE, Fig. 20 XH)Rru< s
FARGHIENTEL., 20FEITHTL B Y=o
[Fe(FZ)s]*" T, ZORIZHTL BREZY— VI FZTh
5. 7, HPLC VAT A ZHR L2 EIZEY, 19>
TN ORERERIZHR 25 5305 7 o~NERE S, K7
TLyyr—bRWA L ZoBEETIE, RBERRE 2
nMTHY, HMOUELWEICLDMER, £1aM THo
7o MHIBRFIE, S/ANEA S &2 5BIETHD. #HYK
LElEis X 28521, 50 nM Fe(II) BEH#EFZ 3 BRE L
T OBERETH 5.
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Table 1 Chemical compositions of the coastal water samples collected around Okinawa Island

. . . Salinity, W.T.", DOC/ Total dissolved Fe/  [Fe(I)]o/  Photoformation
Sampling point o pH T M Vi i
%0 ppm n) n) type
1. Yona 35 8.26 25.8 1.5 3 1 A
2. Henan 29 8.26 25.6 1.6 9 6 A
3. Henan River 0 8.01 24.2 3.0 382 83 C
4. Genka 35 8.24 26.4 2.1 4 4 A
5. Ookobori 35 8.23 26.2 1.9 3 2 A
6. Sesoko 35 8.30 26.2 1.7 5 4 A
7. Tancya 34 8.28 27.1 2.0 26 9 B
8. Nakadomari 35 8.26 26.2 1.8 5 3 A
9. Hijva 35 8.29 26.8 2.4 6 5 A
10. Hijya River 13 7.70 26.9 2.2 65 34 A
11. Shirahi 31 8.07 28.0 1.5 31 27 A
12. Ajva 35 8.18 25.1 1.8 13 10 B
13. Kokuba River 32 7.92 26.2 2.7 35 43 C
14. Naha Port 36 8.22 25.9 1.6 7 7 A
15. Itoman 34 8.20 26.6 2.0 26 16 A
16. Kyan Port 36 8.36 26.3 1.9 12 9 A
17. Yuhi River 33 8.15 25.3 1.9 23 23 A
18. Nakagusukuhama 35 8.28 24.6 2.0 18 17 A
19. Hamahiga 35 8.31 25.8 2.2 10 9 A
20. Tengan 26 8.03 25.6 3.9 48 31 A
21. Ishikawa 34 8.25 25.8 2.2 16 16 A
22. Hukuchi 33 8.11 25.5 1.8 20 14 B
23. Kinbaru River 23 7.93 24,2 2.0 47 33 C
24, Thima Port 35 8.18 25.9 1.8 10 ) B
25. Taira Bay I 9 7.94 24.4 2.6 73 56 G
26. Taira Bay Il 32 8.20 25.4 1.7 27 5 B

a) W.T. means water temperature

2-3 XBHEREKE
MRS, 500 W ¥k 2Ty T RBEE LA
Wy 32— —RUT500WRBEIEKET » 72Xl
TAHE/Z70A—% (3130m) FHW/A. KXY 2=
L — 7 — I A V2, B/ 70X —7flil]
Bt v E R, KBy I 2L —7 —TH4I2 1T
IBSZ, ML CRBREICIEE TR VIEER (290 nm
PF) oXLBELTLE S0, EE 300 nm DT
OHFBEHBWTH T AL EHCTERZIT- 7.
HEIREL TH HAFHIREAT TR E TR L THh oM

L7z kL=, KRNI X BRED ERR Y
BB CROIHE Y AT A S ORI TBY, &
gﬂ N OFEEHT 20CICRA T 5. JERgRIE, FIZA
(nM) =7 =X FA L.
FHRET R, T CICREE U S ERLD, AR L7
O : Red-Soil-Polluted Seawater Fe(Il) & FZ % UG &4 Fe(Il) &% L7z, Fe(ll) Z %
<> : Un-poliuted Seawater L7-#&FHE, HPLC VAT AIEALTHEL
L1z River water THEEDWEIZIE, 2-Nitrobenzaldehyde (2-NB) & H\»
Fig. 1 Totl dissolved Fe concentrations in the 7ALFENREE EH O, KifseTHW KBSy 3 2
coastal water samples collected around Okinawa Island L — 7 — ORISR L (2 B E) 0.0134 +
Number corresponds to number of sampling points in

0.0022s ' Tdh-72. ZTIT, 2NB 2 HWTRKD 72 2002
8 H 26 H (TREF) @ 11 KF 50 55~ 12 B 12 MO Ek
KETORBLEEIREL, 0.0128s ' THo2Z Eh b,
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Table 2 Comparison of FZ-HPLC method between Yi et al.*” and this study

This study

Yi et al.™
Instruments
LC-95, UV-VIS detector (Perkin-Elmer Corp.)
Column 5 um Supelco LC-18 (Supelco Inc.)

Stainless steel column, 4.6 X 250 mm
Temperature = 20 + 1C

CH;OH : H:O=8:2

Sodium chloride

Sodium dodecyl sulfate
Tetrabutylammonium phosphate

1.0 ml min "'

Mobile phase

Flow rate
Injection mode Needle injection
Sample loop (50 ul)
10 nM

ca. 25 minutes

Detection limit
Analysis time

LC-10Ai, PEEK pump (Shimadzu)

SPD-10Ai, PEEK UV-VIS detector (Shimadzu)
Inertsil ODS-3 5 um (GL Sciences Inc.)
PEEK column, 4.6 X 150 mm

Temperature = 40 = 1C

CHsOH: H.O=17:3

Sodium perchlorate

1-Octanesulfonic acid

1.2 ml min '

Suction needle adopter (Rheodyne, Inc.)
PEEK sample loop (100 ul)

2 nM (=1 nM)

7 minutes

(@) (b) (c)

hr q

S )

z Z1 1

‘N

E % z| |2
= f S o
_JJ.LJJ M Y

Fig. 2 HPLC chromatograms of (a) 100 uM FZ only,
(b) 50 nM [Fe(FZ)s]*" in 100 uM FZ, and (c) 100 nM
[Fe(FZ)s]®" in 100 pM FZ

AFETHALABELEY I 2L —F7 —DREEIR, EB
REODEFEOKG L IBIIAEETH L, §TCOF—¥
2 KBELMETREE, 0.0128s "CHBILLA. T2, £
T A—% (313nm) ONHE%E Arakaki 5% O HEE
HWTRD B L, 1.95 peinsteinl™' s THhorz. 72751,

1 einstein = 1 mole of photons.
3 MRLER

3+1 BKEBOIEEHER

2003 4£ 10 B 18 H#4*5 2003 4 11 H 10 H ORI,
R AR B R IS i 24 R CERELL 22K 0 £
HHBEOWER R % Fig. 1ITR L7z, WHRAEDLRE
TR HOURBFHRRELRLOEANIDKTH 5 T
JII (8. Henan River) DifREKTH O, FEINUNTD

NARZHEAKE D BHEEZIR L2, I 228K
pH=7 & ZNIF LRV pH Tidheh o7z, LA L, Bl
HUZATET B SRSk O L P X CFe’ L 2 5 &,
pH =8 Ol /K TORMIEIX 10 M, pH=7 TiZ 10"
M &EMRREEIE 10 51072 57, SO EE T2 EErikiE
FE DS ASHEAKF T 15 nM, 117K 1L 99 nM T, )l
KiZiKD 65D Y, BMELOSHEINLBELD D
PHEVEBVMETH 7. Lo T, pH YA EBFHIEE
XML TVWARFYEH B EARBINT.

Fe(Ill) 24 H kK @ Desferrioxamine-B ¥ Mugineic
acid %z EOFREY L SR E R L7246, pH=81I81F
LB 10 "~ 10 'M EIERWICTKREL 4D E MR
NTw3*. %72, Rue and Bruland™ % van den Berg®’
X, BRPOED 9% L LEAEEY L OEE TR LT
WHEHRELTWA, WRBELOWNIKTOBEFAERK
FiREE 2~3ppm LRI D DRI LoT, F
B EFSOMFERR REICRECEE LTS EER
bihs.

KD O AR E QT IR L HE YRR (DT
PORTOHERERPHERZ SN TS T 24nM, o
WTEEIR T 13 nM & R 05 Rif BB A3 00 3 o Vg3 &
DHRWEEZR L7, Zhid, MBABIESTCIZILY
LR RMER L TRIPERLTEBY, BRIZL-
THREMIZHA LD EEZ LML, FRIITEENETE
TH3.3~53% DBEEHALTWE™. BIZHALTE
RIPOENBRLALELEZLNSE., ZOBLRT LK
W L7 FRIIC L 2588 PH B EEZ2TW5E. BT
PRI AL EOBRRIERO TEOMBIC L - ThHE
SNBZEDIREBINT.

3:2 Fe(OH)’ T KB D Fe(Il) DIHLEK
AEETHW /2 FZZHPLC O B 2 il $ 5679
12, EFVEERLE LT Fe(OH)? WP IZHAERT 5
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Fig. 3 Fe(Il) photoformation in Fe(OH)2+ solution
at 313 nm (pH = 4.00, lonic strength =0.03 M, T =
293 K)

Fe(ll) DRAERKIEO B FIUEL RS, CEEE &L
7. Fe(OH)* 1%, pH=2.5~5 O#iAT Fe(1ID)-KERIL

KD T b LR AL FMTH 5. Fe(OH)* KB
WA RS S LR L, Fe(ll) KT 2.
Fe(OH)*" + hy — Fe’" + -OH (R1)

%m)wﬁiﬁﬁﬁ(Rmm Ms ) TR (1
DEINREEER Jreana, s ) & Fe(IlD) @*ﬂﬁﬁr&
JE ([Fe(III)]u, M) ThHobTIENTEL,

Rrcana = Jreana X [Fe(I)]o (1)

i 7z jF(x(lI).A ciTﬁamﬁ( 2 ) Ok ;) L:&) ;)b’;\: k%)fﬁ
T X, Fe(ll) DNAEBEDREFIE (Orans, mole ein-
BRODBIENTE S,

stein ')

Jreana = 2.303 X @eenya X Ereama X L X L (2)

CIT, Ereana EKBIRPISHFIET 5 Fe(lll) DEE A
WCBIFAWEE M an ), LIZERACBTALEE
(einsteinl 's ), LIZEILVDOEX (cm) TH5H. ZO=E
FULHE Fe(1l) DRI & 7% B Fe(Ill) DILFMEIZL - TH
b,

AMFFETIL, pH =4.00 @ 350 nM FeCly K& (0.03M
NaCl + 100 pM A ¥/ —)V) IZE/ 702 —% & HWTiK
£ 313 nm D% BE L, Fedl) ONAEREMALL. £
DFERE Fig. 3R L7z, ISR & 312 Fe(1l) iR
AWML TVD I EMNERTE., TDLEDFe(ll) D
Recannsam 13 0.380M s ' Th 5. F /2, [Fe(lll)]o = 350

LB EIREK RO (D O bFERES O 865

%K
Ereomy m3mn = 1760 M~ I
L, L=1lcm TH B

0.14 mole einstein ' & 7

M THEDT, R(1) XD Jreaansizom = 0.0011s '
DHIEMNTE L., HIZ,

T s am = 1.95 peinstein 1 s
DT, R(2) £ Preansisom =
%. Faust and Hoigné'” 12X 5% &, Fe(OH)" 75K
318 nm TIAK T 5 Fe(ll) | FINEIE, 0.14+0.04
(mole einstein ') (293 K, ionic strength = 0.03 M) T&
5, ZhiE, AROEBRTROLETINERE L —HT
5., 2O M, AEBETHW FZZHPLC EOH HYE
VHERTE /.

3.3 RESFIHTO Fe(l) DFALERIER

KBNS I 2L — & — % B CildA B R 0 R
%ﬂﬁﬁﬁmbfm%mawﬁﬁﬁiﬁ%ﬁot.%m
MR, BARPTORRITIZL S Fe(ll) DEfLEIT/MS W
N AR A %®$ﬁ&xm®¢ "L RKEL3DOD
AT HZENTET.

12oHIE, RZEHLTD Fedl) BENOEANIZLAL
ﬁ%ﬂ&wyffﬁﬁé(HmAqﬂg@.:@747

, B (4. Genka), #HJEE (6. Sesoko) X (9.

Imm)&twkalmm%ﬁﬁﬁ BIFSKIRE L 1312%
L<, Fedl) BEDELEN 1~2nM, EBEFAEKE
(DOC) 7% 2 ppm LT OB MFERITREAKIIEZLAS
Nz, 05471, EBETFSNFITLEAEFel) LT
HELTWAEZDIZ, HEREBILICE S Fedl) BED
BALDFEFIINE L, RO RIZEALENLTEWVWE D
CRZ7:EEZEZDNS.

2 DRI, Fe(ll) BEICRERERD 0~ 10 7H TiX
wmL, FoO®RELACHITEI LT THS (Type B,

Fig. 4)., Zo0r 4 TIx, Xk (7. Tan(:ya), mH (22,
Hukuchi) <{THI## (24. Thima Port) 7 & OGS L

TZEALT 5 Fe(Il) OEALEA 5nM L LT, DOCIE 2
ppm ML FOBREKICE SN, Z0F A Tid, SR E
#1E Fe(ID) 23T 5. LA L, RREREIRZS
L, FBCERT 288LKESL OH 7 VA Vi EOfk
fERc L Blbsha b, BEABRDOGHLED7:
%, &% Fe(ll) 2584 L, Type B D & 9 875 Bl
Ehi-tEzonb.

3OHIX, BERETE & LI Fedl) BESHEML, (2EF—
FEllBZ 4T THAB (Type C, Fig. ). TDF¥ 17,
SEEJ (3. Henan River), E#5)1l (13. Kokuba River)
PFRE (25, Taira Bay 1) % £ Fe(Il) DMBIRED
#30~80nM L&, MR L TELT S Fe(ll) DBRREE
345 10~40 nM FETH D, DOC IF 2~ 3 ppm Difi &
A, FRIZHINAKICR Sz, Type Cid, EBKRSLHAH %
ETHE SN T WS Fe(Il) DO EALTH S gk
B TIDLESH % Fe(ll) DHRERMMIFTEALERLNZ VD
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T IS R K O VAR EKIEEE [Fe(ID) + Fe(IID! & MBALEFIC & B Fe(Il) EMUZ DV T Ferrozine (FZ)
R F TR, SEASEREE, MIKOBENRE OB TROE L, AT TEICH RS i
T, EBELERE D L E, o7 Fedl) 13, FZREZMHWEmEMAKZ7 O~ 757 4 — (FZ-HPLC)
HCHRAT. B FZHPLC A L, H83 &% UHEERIC Poly Ether Ether Ketone (PEEK) B & JHv
BT, FHERS S OFHEREMA . LB EEROKRE, Fe(ll) DXL, 351 TIZKBITEZL.
Type A W EIRERERTIZ b 59 Fe(Il) IEDOEALH R ENE S 4 7, Type B 1 Fe(Il) iREEA LRI
BT 225, ZOHPRBI TS5 47, Type Cid Fe(ll) EAERGHFR L & S IZWIML, 2%
b5 4T ThD, Fe(ll) DFEBIL, Fe(lll) BE, BHARYE, WoktPRBLTWAILAREIR
fo. 77, HRETEAGARS LT Fe(ll) AL O TR - 722 &0 5, iREEAKPIIZEF R R R ERILK
F5 LB S v Fe(I) (LFREDSFFIET H T ENH LN 72,
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