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Fe(II)AY, Ferene. %2 %K E 53] % 8x107°. 0.4 mol/L, Ferene. # &Rk 4 %% 0.8. 0.6 mL/min, &
EEERES 40 cm B, Fike) R HUE. BN FRRIE; NE Fe(IlT)B, Ferene. ik, I BIRKE
%14 1x1072, 0.5, 0.01 mol/L, Ferene/4i 3R i . # &394 1.0 mL/ min, LR, REHEETKEY
A 40 cm B, FikORHE . BRREA., REZBEH T, Fedl). Fe(ll)& 0.2~10 pmol/L #o
0.5~16umol/L & B A, T4k é&@ )2 5 A2 5 H A A= 0.0834 C+ 0.0564(umol/L, n=8, R* = 0.997)F= A =
0.0478C + 0.0423(umol/L, n= 8, R* = 0.997). Fe(I). Fe(II)#& NI &5 3|4 24. 39 nmol/L, AA%f 471k £
A A 0.8%. 1.2%(n=10), IiFEIEH 97.9%~103.0%. *£5&F LKW, AKT 4 Na'. Mo,
Cu*'. Cu' RAstm & & Fik.

KHEIR: EARE A4k Ferene;, A EH oM, o RAE K, HORAK
HESES: P716+.5 SCRAARINAD: A X EHE: 1000-3096(2016)05-0082-06
doi: 10.11759/hykx20150629002

Fe(II) Fe(III) , 27 900 L/(mol-cm) Ferrozine
(=21 31 Ferene  Fe(Il)  [Fe'(fer);]*,
0~10 pumol/LP!, 593 nm 35500 L/(mol-cm),
4] Ferene
, Fe(ID) ,
Fe(I1I), 1.6~1.8 h'¥, Fe(II)
s FeS o (Flow injection analysis, FIA)
(>2 000 km) , ,
. (-1, 13] -Ferene
[7] [8]
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: NH4F€(SO4)2' 1 2H20

. 10 mmol/L
L1 AAE LKA HCI ,
L1.1 1%(v/v)HCI pH 2.0
BS100-1A+DG-2B ( , Sigma ,
); C65-31861 ( VICI 1 . Ferene
Valco ); PX-2 QE65000 FIA- 1,
ZSMA-20-PE ( 2 cm, Ocean pH 20 ,
Optics ) - - QP600-
1-UV-VIS ( Ocean Optics ) .
( 60 mm) PTFE ( 0.8 mm, 1.2 ¥ *
1.6 mm) PTFE 1057 FedI) , SV
( Beionfluid ) / s R T
1.1.2 MCF ,
Fe(I) : (NHy)Fe (SO4),12H,0 FC, SP ,
10 mmol/L , 1% Fe(Il) , A
HC1 R 1%(v/v)HC1 pH MCR Fe(III) Fe(II)
2.0, Na,SO; 1 umol/L Fe(Il) 1(b)
F1 TRRUHEWSETUER
Tab.1 Description and levels of the influencing factors in the experimental design
Ferene mol/L 2x107° 8x107° 5x107° 4
mol/L 0.1 0.4 0.25 4
Fe(IT) Ferene mL/min 0.2 0.8 0.5 4
cm 40 160 100 4
mL /min 0.6 1.2 1.1 4
Ferene mol/L 2x10°7° 10x10°° 6x107 5
mol/L 0.1 0.5 0.3 5
Fe(1II) mol/L. 0.01 0.05 0.03 5
Ferene/ mL /min 0.2 0.8 0.5 5
cm 40 200 120 5
cm 40 200 120 5
[Fe''(fer);]* 593 nm 2 5 10pmol/L
, 810 nm R
(Schlieren effect) (9. 13] , S S5 S,
A=—1n[15i] +1n[15i] (1) S, _ M AN (2)
T10 Jpe, Ts10 )i 2uM
, A , Isos Isio 593 810 nm S5 = As,M — 4, M 3)
’ ’ 5.M
Ao M — 4, M
10 ="~ +r (4)
) (Bs) , 10,M
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Stl [10-11]
A)) /AX]U
52 S 1
SV
St3 ,/KDIW p W 2 % % 't*j ‘Ij— V&
s 2.1 FBRSHAEAL
' L SPSS (V16.0, SPSS Inc., Chicago,
(@) USA), R
Stl Fe(Il) Fe(III)
St2 E— A /Aslu 2 3
K , Fe(ll) Bs S, Ss
\/ DIW T e 8.4x10%~3.3x10"* 4.0x10°~8.8x107% 1.6x10°~
g W 8.0x102, Fe(Ill) Bs Ss S
N Mer 7.1x10#~3.9x10 5.3x10~8.6x10 6.7x10°~ 8.6x
1072 ) Ferene s
(b) , Fe(I)  Fe(III)
1 FIA Fe(II) ,
Fig. 1 Schematic diagram of FIA system [Fe"(fer);]* (10, 14] Ferene ,
(a) Fe(1l); (b) Fe(I1) Bs S, Ss Sio ,
(a) Determination of Fe(II); (b) Determination of Fe(III)
SV. (6-Position selection valve); S (Sample); St 1~4. Bs S S5 S
(Standard solution); R. (Color-forming reagent); A. Ferene [14]3 Ferene
(Ascorbic acid); T. (Tee); MCR. Fe , Fe(I)
(Reduction mixing coil); MCF. (Color- forming mix- [15] Fe(1II) 0.01 mol/L
ing coil); P. (Peristaltic pump); L. (Xenon lamp); SP. ’ ' ’
(Spectroscopy); FC. (Flow cell); W. (Waste) FC(IH) Fe(H)’
Ferene , Fe(II)
s -Ferene , Ferene s s
Fe(II) , Ferene ,
Ferene Ferene Fe(1I) Ferene Bs
-1 Fe(TID) , S, Ss,  Fe(Il) Bs S, Ss
R 1.0 mL/min, R Ferene s Bs
Ferene S S, Ss s s
Ferene Ferene , Fe(II)
%2 Fe(IDEHSEHF TR
Tab. 2 Estimated effects of each experimental factor of Fe(I1I)
Bs S, Ss
% % %
0.00167 0.0470 0.0431
Ferene 0.078 4659 1.79 3810 1.15 2669 8x10mol/L
0.002 119 0.182 387 0.168 390 0.4 mol/L
Ferene 0.001 60 0.071 151 0.069 160 0.8 mL/min
0 0 8.43E-05 0 7.45E-05 0 40
0.001 60 -0.025 -53 -0.023 -53 0.6 mL/min
: 95%(20) (1s)  0.0008, S, 0.031, Ss 0.029;
(%)
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#3 Fe(IDFW S M T IMITHE

Tab.3 Estimated effects of each experimental factor of Fe(III)

Bs Ss S1o
% % %
0.00158 0.0374 0.0452
Ferene 0.002 127 2.60 6955 2.67 5898 1x102mol/L
0.001 63 0.100 267 0.077 170 0.5 mol/L
0.012 759 -0.567 -1516 —-0.146 -323 0.01
Ferene/ 0 0 0.025 67 0.021 46 1.0 mL/min
1.50E-06 0 7.38E-05 0 6.42E-08 0 40
9.78E-07 0 7.40 E-06 0 1.50E-05 0 40
: 95%(20) ; (Is)  0.00073, S 0.025, Sy, 0.021;
(%)
, Ferene Ferene 22 EHEB TN
Bs 8 S5, Fe(ll) +5% , 2 pmol/L Fe(Il)
Bs 8 S5 ; 5 umol/L Fe(III) Fe(II)
R Bs S, Ss Fe(III) , Fe3* SO,%,
, Ferene/ , Ferene , SO5%
Fe(II) Fe’* ,200 Fe’™  Fe(Il)
S , 2000 Na’; 100 Mn*'; 20
Ss, Fe(1l) Cu®™ Cu"  Fe(ll) Fe(Ill)
Bs S, S5 Sio , 40 cm Fe/Cu 30 17019
Ferene  Fe(Il) Fe(II)
23 FHEHEARE
, Ferene 8x107° 2.3.1
0.4 mol/L, Ferene 0.8 0.6 mL/min, , Fe(Il) Fe(Ill)  0.2~10 pmol/L
40 cm , Fe(ll) 0.5~16 pumol/L , A=
; Ferene 0.0834 C+ 0.0564(umol/L, n= 8, R* = 0.997) A=
1x102 0.5 0.01 mol/L, Ferene/ 0.0478 C + 0.0423(umol/L, n= 8, R? = 0.997)
1.0 mL/min, 40 cm 5, 3 ,
, Fe(I1) 4 ,
F4 RIS IR L
Tab.4 Comparation of detection limits of dissolved iron
/(nmol/L) /em
Fe(I) 27 Ferrozine 10 [2]
Fe(II)+ Fe(III) 300 Ferrozine 3 [3]
Fe(1I) 20 Ferene 14 [9]
Fe(II) 60 Ferrozine 3 [10]
Fe(I)+ Fe(III) 100 Ferrozine 3 [10]
Fe(I) 27.25 Ferrozine 500 [17]
Fe(I) 24 Ferene 2
Fe(I11) 39 Ferene 2
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Fe(1I) R Fe(III) 10 R (RSD)
R 0.8% 1.2%
4 s 2 9 17 2.3.2
, 3 10 2 cm, s Fe(1I)
R , Fe(III) R 4 ,
s 3 R 97.9%~103.0%,
2 umol/L Fe(I) 5 pmol/L Fe(III) 5
5 INAREIYSELE
Tab.5 Standard recovery test
/(umol/L) /(umol/L) 1%
1.00 1.02 102.0
Fo(ll) 2.00 2.03 101.5
4.00 3.97 99.3
8.00 7.83 97.9
1.00 1.03 103.0
Fo(IIl) 2.00 1.99 99.5
4.00 4.02 100.5
8.00 7.89 98.6
3 %ﬁ'} 34(4): 95-99.
[2] Milani A, Statham P J, Mowlem M C, et al. Develop-
(1) > ment and application of a microfluidic in-situ analyzer
Fe , for dissolved Fe and Mn in natural waters[J]. Talanta,
, : Fe(ll) , Ferene 2015, 136: 15-22.
8x107° 04 mol/L, Ferene [3] Vuillemin R, Le Roux D, Dorval P, et al. Chemini: A
0.8 0.6 mL/min, 40 cm: new in situ CHEmicalMINIaturizedanalyzer[J]. Deep
Sea Research Part I: Oceanographic Research Papers,
Fe(Ill) , Ferene
1x10° 0.5 0.01 mol/L, Ferene/ 2009, 36(8): 1391-1399. . .
> [4] Luther G W, Rozan T F, Taillefert M, et al. Chemical
1.0 mL/min, 40 cm speciation drives hydrothermal vent ecology[J]. Nature,
() , Fe(Il)  Fe(l)  0.2~10 pmol/L 2001, 410: 813-816.
0.5~16 pmol/L , A= [5] Wang H, Yang Q, Ji F, et al. The geochemical charac-
0.0834 C+ 0.0564(umol/L, n= 8, R*> = 0.997) A= teristics and Fe(Il) oxidation kinetics of hydrothermal

0.0478 C + 0.0423(umol/L, n= 8, R =0.997) Fe(Il)

Fe(III) 24 39 nmol/L,
0.8% 1.2%(n=10), 97.9%~103.0%
(3) , Na *
Mn®" Cu** Cu’ Fe(I) Fe(III)
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analysis of dissolved iron in marine waters
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Abstract: In this study, we adapted and optimized the ferrozine method flow injection analysis to perform an in situ
analysis of dissolved iron. Optimal conditions were achieved for Fe(IT) when the Ferene reagent (8 x 10> mol/L in a
0.4-mol/L acetic/acetate buffer) was flowing at 0.8 mL/min, the sample flow rate was 0.6 mL, and the reaction coil
length was 40 cm. Moreover, optimal conditions were obtained for Fe(III) when the Ferene reagent (1 x107* mol/L
in a 0.5-mol/L acetic/acetate buffer), the ascorbic acid reducing solution (0.01 mol/L), and the sample were flowing
at 1.0 mL/min, and the length of the reaction and reduction coils were 40 cm. Under these conditions, the calibra-
tion curves were 4 = 0.0834 C + 0.0564(umol/L, n = 8, R* = 0.997) for Fe(Il) and 4 = 0.0478 C + 0.0423 (umol/L,
n =28, R?=10.997) for Fe(Ill). The limits of detection and relative standard deviations were 24 nmol/L, 0.8% (n = 10)
for Fe(Il) and 39 nmol/L, 1.2% (n = 10) for Fe(IIl). The recovery was in the range 97.9%—-103.0%. The results

showed that, using this method, there was no significant interference for Na*, Cu**, Mn**, and Cu".

(AL it R 3)
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