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Abstract

Superoxide radical produced during algal metabolism is one of the most important agents that contribute to the
transformation of the Fe(IlI)-organic ligand complex to more bioavailable Fe(II). In this work, we investigated the kinetics
of superoxide-mediated Fe(IT) production from Fe(III) complexed by citrate (Fe(II[)Cit) in coastal seawater on the basis of
a laboratory experiment and a kinetic model. To simulate a coastal environment, Fe(IIT)Cit samples with various ratios of
citrate concentration to iron concentration (ligand/Fe ratio) were incubated for five minutes to one week in seawater
medium. Then, Fe(Il) production rate was spectrophotometrically measured by detecting the ferrous-ferrozine complex.
During the measurement, superoxide was constantly generated by oxidizing xanthine. Fe(Il) production rate generally
decreased with incubation time, since Fe(IIT)Cit as a source of Fe(Il) gradually dissociated to form less reactive iron
oxyhydroxide in coastal seawater. However, when the ligand/Fe ratio was sufficiently high, the dissociation of Fe(IIDCit
was suppressed and Fe(II) was formed at a relatively higher rate over one week. These results demonstrated that Fe(II)
production rate is largely influenced by ligand/Fe ratic and incubation time. The kinetic model developed was in good
agreement with the experimentally determined Fe(II) production rates.
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Fig. 1 Conceptual madel for the supcroxide-mediated dissociation of
organically complexed Fe(IH). The Fe(ll) formation ocours via
the two alternative pathways. Fe(II[)L, Fe(Il)L, Fe(I1), Fe(lIly
and AFO indicate the organically complexed ferric and ferrous
iron, dissolved inorganic species of ferrous and ferric iron and
amorphous ferric oxyhydoxide, respectively.
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Fig. 2 Produciton of superoxide accompanied by the oxidation of
xanthine in scawater. At time zero, xanthine was added at final
concentration of 50pM to seawater sample ([XOJ=1 unit/*,
{FZ]=1 mM) and the superoxide concentration was measured
by FeLume chemiluminescence system. Symbols and ervor
bars are average data and #standard deviation from duplicate
run, respectively. Solid lines are the lines of model fit.
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Fig. 3 Effect of citrate concentration on the rate of superoxide-
mediated Fe(Il) production, The Fe(Il) production rate was
determined for the seawater sample incubated for 5 min.
Within this short time period, the decrease of Fe(III)Cit
concentration due to the complex dissociation was negligible.
Symbols and crror bars are average data and Zstandard
deviation from duplicate experiments, respectively. Solid
Hne is model fit assuming ks value is constant over the citrate
concentration. Dashed line is model fit by using ks values
that depend on citrate concentration as listed in Table 2.

Table 1 Parameters used in the kinetic model of Fe(II) production.

Parameters Case 1 Case 2
ke (57 2.9 x10%9 -n
karo M S 1.4 %1009 1.4 x10%9
ke M7 sY 20x10° 20 x10°
Kog (M8 15x10°  1.5=x10°
(0,7 ()" 23x10° 2.3 x10%
[CiH] (M} oo -9

[Fe@InCit] (M) 2.0 x307™ -

a) ky was determined by best fit in Fig. 3 (Solid line), b) The values
are dependent on liagnd concentration as shown in Table 2, ¢) The
value of karo was determined by using identical method reported by
Rose and Waite (2003)*, d) From Rose and Waite (2003)*", e)
From Rush and Biclski (1985}, f) [0,"] was determined in Section
3.1, g) [Cif] depends on experimental condition, k) [Fe(IIDCit] =
[Felwa was assumed, i) [Fe(IH)Cit] was calculated by using
Fe(IIN)Cit dissociation model (eqs 9 and 10).
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Table 2 Dependency of complex dissociation rate constant on the
citrate concentration.

Rate constant for the complex [Cit] (M}
dissociation 10 25 60 75 100 300 500
kg (x10% ¥ 29 34 23 1.7 17 049 054

1 Kol CIly (102 s™® 33 28 23 19 16 078 0.51

a) ks was caleulated for each ligand concentration by substituting the
model parameters other than %y (see Case 1 in Table 1) and
experimentally determined Fe(Il) production rate into eq.14, b) This
value was used as a complex dissociation rate constant in the model
calculations of Fe(ll) production rate (Fig. 5) and Fe(IIDCit
concentration (Fig. 6). Kr.ciz and &'y were determined by model fit in
Fig. 4.
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Fig. 4 Model fitting for the determination of Kecip. The best fit
represented by the linear line was obtained, when Kpegie = 1.3 x
10* M. The ky values (symbols) were determined based on the
experimental values of the Fe(ID) production rate. In the
calculation of k&4 values, it was assumed that the dissociation of
Fe(IM)Cit complex is first-order with respect to total
concentration of Fe(IH)Cit.
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Fig. 5 Effects of ligand concentration and incubation time of iron-citrate complex in seawater on the rate of superoxide-mediated Fe(IT) production.
Symbols and error bars are average data and +standerd deviation from duplicate experiments, respectively. The lines are model fit. The rate

constants used in the model calculation were listed in Table I (Case 2)
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Fig.6 Model prediction of Fe(IH)Cit concentration as a function of
citrate concentration and incubation time in seawater. The

rate constants kg, kr and karpg used in this model calculation
were listed in Table 1 (Case 2).
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Fig. 7 Fe(Il) production rate as functions of ligand /iron ratic and
incubation time, demonstrating that the maximum rate of

Fe(Il) production at particular incubation time depends on
the ligand/iron ratio.
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