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A simple and sensitive method for the determination of nanomolar levels of hydrogen per-
oxide (H,0;) in seawater has been developed and validated. This method is based on the
reduction of H,0, by ferrous iron in acid solution to yield hydroxyl radical (*OH) which reacts
with benzene to produce phenol. Phenol is separated from the reaction mixture by reversed
phase high performance liquid chromatography and its fluorescence intensity signals were
measured at excitation and emission of 270 and 298 nm, respectively. Under optimum condi-
tions, the calibration curve exhibited linearity in the range of (0-50) x 103 nmolL~! H,0,. The
relative standard deviations for five replicate measurements of 500 and 50 nmol L~* H,0, are
1.9 and 2.4%, respectively. The detection limit for H,O,, defined as three times the standard
deviation of the lowest standard solution (5 nmolL-! H,0,) in seawater is 4nmolL-1. Inter-
ference of nitrite ion (NO,~) on the fluorescence intensity of phenol was also investigated.
The result indicated that the addition of 10 umol L~ NO,~ to seawater samples showed no
significant interference, although, the addition of 50 pmol L~! NO,~ to the seawater samples
decreases the fluorescence intensity signals of phenol by almost 40%. Intercomparison of
this method with well-accepted (p-hydroxyphenyl) acetic acid (POHPAA)-FIA method shows
excellent agreement. The proposed method has been applied on-board analysis of H,0, in
Seto Inland seawater samples.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

in metal redox chemistry [7] and as a potential toxicant
to marine organism [8]. Techniques for the determination

Hydrogen peroxide (H,0;) is one of the reactive oxygen species
found in seawater as a product formed photochemically from
dissolved organic matter (DOM) [1]. This important chemical
may also arise from other sources including wet deposition
[2], dry deposition [3,4] and biological production [5]. Pho-
todissociation of H,O, produces hydroxyl radical (*OH), which
is one of the most important oxidizing species in natural
water [6]. Over the past three decades, there is a consid-
erable interest in H,O, in seawater because it is involved
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of H,0, in seawater have been the subject of substantial
research efforts, each attempting to attain higher sensitivity,
selectivity and reproducibility. Analysis methods of H,0; in
seawater generally fall into three groups [9]. The first group
utilizes fluorescence methods [10-14] which are based on the
peroxidase-mediated oxidation of a reagent molecule by H,0,
or organic peroxides. This elegant method is highly sensi-
tive and relatively free from interference, however, it suffers
the disadvantages common to many enzyme assays notably
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reagent instability and high cost [15]. The second group
employs chemiluminescence techniques for H,O, determi-
nation. The most common chemiluminescence technique is
based on the metal-catalysed oxidation of luminal [16-19].
This method is known to be an attractive analytical method
because of its higher sensitivity and low detection limit but
it suffers the disadvantage of interference with ferrous ion
(Fe?*) through the reduction of oxygen in alkaline solutions
producing H, O, [16]. Colorimetric methods [20-22], which are
employed by the final analysis group, rely on the enzyme-
mediated oxidation of reagent molecules by peroxides to form
stable chromophores. Miller et al. reported that this method
lacks the sensitivity for peroxide analysis in oligotrophic
waters. Thus, more selective as well as sensitive methods for
the determination of H,0; in seawater are still required. It has
been reported that Fenton chemistry could be applied to the
determination of Hy0, in atmospheric samples [15,23]. How-
ever, as far as we know, application of this chemistry to the
determination of H,0O; in seawater has not yet been reported.

In the present study, we investigated the applicability of
Fenton reaction to the determination of nanomolar levels of
H,0, in seawater. This method is based on the reduction of
H,0, by Fe?* in acid solution to yield *OH which is scavenged
by benzene to produce phenol as shown below:

Fe’* + Hy0y — Fe3* +°OH + OH~ (1)
*OH + CgHg — CgHsOH 2

Phenol produced by Fenton reaction was analyzed by high
performance liquid chromatography (HPLC) with fluorescence
detector. The amount of phenol produced is directly propor-
tional to the original amount of H,O, present in the sample.
The validity of this method was established by simultaneous
analysis of HyO,-spiked seawater samples and compared to
the well-known (p-hydroxyphenyl) acetic acid-FIA method.

2. Experimental

2.1. Reagents and chemicals

All reagents were reagent grade and used as received unless
otherwise stated. All solutions were prepared with ultra-
pure water obtained from a Milli-Q Plus system (Millipore;
>18.2MQ cm). Acetonitrile and benzene (HPLC grade) were
purchased from Nacalai Tesque (HPLC grade). Nitrite standard
solution (1000 mgL~1) was obtained from Kanto Chemical Co.
Inc., and sulphuric acid was obtained from Sigma-Aldrich,
Japan. Iron(ll) sulphate pentahydrate was purchased from
Nacalai Tesque (Guaranteed Reagent). A 0.1molL~! Fe(Il)
solution was prepared by dissolving 1.39 g iron(ll) sulphate
pentahydrate into 50 mL of 0.07molL~1 H,SO4. A 3.0molL"?
sulphuric acid stock solution was prepared by diluting 16.3 mL
of 98% H,S04 to 100 mL with water. H,O, solution (ca. 30%)
was obtained from Wako Pure Chemical Industries. The stock
standard solution of HyO; (1.0 x 10~2molL~1) was prepared
by diluting 1.0 mL of 30% H,0; to 100 mL with water and the
concentration was determined based on the molar extinction
coefficient at 240nm (¢ =38.1Lmol~* cm~! [14]). The working

standard solutions for H,O, were prepared daily by accurate
dilution of the stock standard solution just before use. Ben-
zene stock solution (2 x 10-2 mol L~!) was prepared by diluting
88.8 pL of 99.7% benzene in 50 mL with water.

2.2. Seawater

The sampling stations were located in Hiroshima Bay, the
western Seto Inland Sea, Hiroshima city, Japan as shown in
Fig. 1. The Seto Inland Sea is one of the typical closed seas
which connect to open ocean by only four channels. The
apparent residence times of fresh water, which are calculated
as the fresh water volumes (estimated with the salinity dis-
tribution) divided by the total discharges are around 100d for
the entire bay [11,24]. Seawater samples from various depths
and locations were collected by Niskin sampling bottles with
CTD carousel multi-sampling system (General Oceanic Inc.,
U.S.A.) during the cruise of the R/V Toyoshio Maru belonging
to Hiroshima University on 7-11 May 2007 and immediately
transferred to clean amber 1L glass bottles. The samples were
filtered immediately through a pre-cleaned glass fiber filter
(Advantec, 0.45um nominal rating) and analysis was per-
formed within 1h of sample collection.

2.3. Apparatus

An HPLC system consisting of a PU-2089 plus pump (Jasco,
Japan), a Rheodyne injection valve (Cotati, CA, USA) with a
50 p.L sample loop and a FP-2020 plus intelligent fluorescence
detector (Jasco, Japan) interfaced with a C-R6A Chromatopac
integrator (Shimadzu, Japan) was used. The separations were
carried out on a RP-18 GP column (150 mm x 4.6 mm i.d., 5 pm)
from Kanto Kagaku (Japan) with acetonitrile-water mixture
(40/60, v/v) as eluent at a flow rate of 1 mL min~'. The detector
was operated at 270 and 298 nm for excitation and emission,
respectively. The flow injection system used for H,O, analy-
sis by the POHPAA method consists of a pump (model 2P2H,
Sanuki Kogyo, Japan), autosampler (TOSOH, model AS 8020),
fluorescence detector (Rf-10AXL, Shimadzu, Japan) and C-R6A
Chromatopac integrator (Shimadzu, Japan).

2.4.  Analytical procedure

Two hundred microlitres of 2 x 10~?2molL-! benzene stock
solution was added to 3.0mL of seawater samples or H,O,
standard solution in a 5mL amber vial giving a concentra-
tion of 1.2 x 1073 molL~! benzene and mixed by shaking. Fifty
microlitres of 0.1 molL-? Fe?* in 0.07 molL~! H,S0, solution
was added to the solution and was allowed to stand for 5 min at
room temperature. The final pH of the solution was adjusted to
be ca. 4 from the sulphuric acid added. An aliquot of the solu-
tion was injected into the HPLC system for analysis. Phenol
and benzene were separated by reversed phase high perfor-
mance liquid chromatography. The retention time of phenol
and benzene was 4.0 and 6.9 min, respectively. H,O, standard
solutions were prepared in seawater by appropriate dilution of
the stock solution. Calibration was then achieved by plotting
the peak areas of phenol produced in each standard solution
against the H,O, concentration. Seawater samples that were
filtered in a similar manner and stored in the dark at room
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Fig. 1 - Sampling locations.

temperature were used as the blank. All procedures were car-
ried out in dark condition to minimize H,0, decomposition
and formation.

3. Results and discussion
3.1 Optimization of reaction conditions
3.1.1.  Effect of reaction time

The influence of reaction time on the fluorescence (FL)
intensity of phenol was investigated. The result (Fig. 2) indi-
cated that the fluorescence intensity increased with increase
in reaction time and maximum fluorescence intensity was
attained after a reaction time of 5min. Instead of a further
increase, the fluorescence intensity slightly decreased with
increase in the reaction time. Burbano et al. reported that a
large fraction of Fe?* was rapidly oxidized to ferric ion (Fe3*) in
the first 3-5 min of reaction [25]. Meanwhile, it is expected that
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Fig. 2 - Effect of reaction time on fluorescence intensity of
phenol (¢) blank and (®) sample. Experimental
conditions—[H,0,]: 300 nmol L~1; pH 4.0; [Fe?*]:
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Fig. 3 - Effect of temperature on fluorescence intensity of
phenol (¢) blank and (®) sample. Experimental
conditions—[H,0,]: 300 nmol L~1; reaction time: 5 min;
[Fe?*]: 1.5 mmol L-%; pH 4.0.

the fluorescence intensity should remain fairly constant after
a reaction time of 5min. However, a more probable explana-
tion to the slight decrease in the fluorescence intensity may
be attributed to the subsequent reactions of *OH with already
formed phenol, with simultaneous formation of higher oxi-
dized products [26]. Therefore, a reaction time of 5min was
recommended in our experiment.

3.1.2.  Effect of temperature on fluorescence intensity

The effect of temperature on the reaction was investigated
by varying the temperature from 7 to 70°C in a thermostated
water bath. As shown in Fig. 3, the fluorescence intensity
increased with temperature and remained fairly constant over
the temperature range of 20-50°C, though the fluorescence
intensity at 70°C was 10% higher than that of the room
temperature (20°C). Room temperature was chosen as the
operational temperature for convenience.
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Fig. 4 - Influence of pH on fluorescence intensity of (¢)
phenol blank and (®) sample. Experimental
conditions—[H,0,]: 300 nmol L~%; [Fe?*]: 1.5 mmol L~%;
reaction time: 5 min.

3.1.3. Influence of pH on fluorescence intensity

Burbano et al. reported that catalytic decomposition of H,0,
carried out by a transition metal such as Fe?* depends on the
PH of the reaction media [25]. Hence, the effect of the pH on
the fluorescence intensity of phenol was studied. The result
(Fig. 4) showed that the fluorescence intensity increased with
increase in pH. However, at pH above 4, the fluorescence inten-
sity decreased because of the decrease of the soluble Fe(II) ion
in the solution, probably due to the precipitation of Fe?*. It has
been reported that the precipitation of Fe?* is strictly depen-
dent on pH of the solutions. Below pH 5, the amount of the
precipitate formed decreased with decreasing pH. The precip-
itation became more pronounced when pH exceeded 5, then
reached a plateau at pH 8 when 100% of Fe?* precipitated [27].
This phenomenon was experimentally confirmed by the pres-
ence of turbidity in the samples of our experiment carried out
above pH 5, although the turbidness was not clear at pH 4-5.
Kavitha and Palanivelu in their study also stated that the drop
in fluorescence intensity above pH 4 may be attributed to pre-
cipitation of Fe(OH)s, which lowers the concentration of free
soluble iron species available for reacting with peroxide [28].
Hence, lesser concentration of *OH is generated which reacts
with benzene to produce phenol and consequently decreases
the fluorescence intensity. In this study, experiments were
carried out at pH 4 for optimization.

3.1.4. Effect of the concentration of Fe?* ion
The effect of the concentration of Fe?* ion on the fluorescence
intensity of phenol was investigated in a series of experi-
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Fig. 5 - Effect of Fe?* concentration on fluorescence
intensity of phenol (¢) blank and (®) sample. Experimental
conditions—[H,0,]: 300 nmol L-1; pH 4.0; reaction time:
5min.

ments. In these experiments, the concentration of Fe?* ion
varied from 0.5 to 4.5mmolL~! for fixed 300nmolL~! H,0,
standard solution at pH 4.0 and a reaction time of 5min. The
result (Fig. 5) shows that the fluorescence intensity increased
with increase in Fe?* ion concentration and reached the peak
at 1.5mmolL~! of Fe?* ion. However, further increase in Fe?*
ion concentration decreased the fluorescence intensity. Joseph
et al. reported that *OH is reduced in the presence of high
concentration of metals ions as presented in Eq. (3) [29]:
Fe’t +°OH — Fe®* + OH™, ky=4.3x108M 157! ©)
The reduction of the fluorescence intensity may be
attributed to the scavenging of *OH by excess Fe?* ion, hence
lowers the concentration of *OH available to produce phenol.
Therefore, 1.5mM of Fe?* ion was used as the optimum con-
centration in our experiments.

3.2 Analytical performance

Under the conditions optimized for the determination of H,O,,
the analytical characteristics of the proposed method were
evaluated by examining linear range, precision and detec-
tion limit. The calibration curves for H,O, were linear from
0 to 500 nmol L~ in the high-sensitivity region of the detector,
and from 50 x 10! to 50 x 103 nmolL~! in the low-sensitivity
region of the detector. The regression equations and corre-
lation coefficients were listed in Table 1. The detection limit

Table 1 - Analytical performance of the proposed method

Range of H,0, concentration (molL~1) Regression equation Correlation coefficient n
(0-5) x 107 y=1.446+0.218¢2 0.9995 5
5x 1077 to5x 1075 y=18.50 +0.219¢° 0.9999 7

y represents the relative fluorescence intensity.
3 c: concentration in nmolL-1.
b ¢: concentration in pmol L.
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Fig. 6 - HPLC chromatograms for the determination of H,0,
in seawater sample using Fenton reaction: (A) before
Fenton reaction and (B) after Fenton reaction. Peak no. 1:
phenol and peak no. 2: benzene.

for H,O,, defined as three times the standard deviation of
measured lowest standard solution (5nmol Lt H,0,) in sea-
water is 4nmolL~". In order to evaluate the precision of the
method, five injections of the standard solutions containing
500 and 50nmol L1 H,0, were performed. The relative stan-
dard deviations of 1.9 and 2.4% were obtained, respectively.
Typical HPLC chromatograms for the determination of H,0,
in seawater were shown in Fig. 6.

3.3.  Interference of NO,~ ion on fluorescence intensity

In order to assess the possible analytical applications of the
above-described method, the interference of nitrite ion (NO; ™)
on fluorescence intensity of phenol was investigated. The
result (Fig. 7) shows that the addition of 50 pmolL~! NO,~ ion
to the seawater samples decreased the fluorescence intensity
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Fig. 7 — Effect of NO,~ concentration on fluorescence
intensity of phenol. Experimental conditions—[H,0]:
300 nmol L~1; pH 4.0; [Fe?*]: 1.5 mmol L~1; reaction time:
5min.

Table 2 - Comparison of the results obtained by the

proposed method and POHPAA-FIA method in
H,0,-spiked seawater samples

Sample H,0, concentration (nmolL~1)2 R.D. (%)P
Proposed method (A) POHPAA-FIA (B)

1 10.3 11.5 10.4
2 19.7 21.2 7.1
3 46.1 43.8 -5.3
4 82.4 85.7 3.9
5 105.1 100.3 —4.8
6 202.4 210.8 4.8
7 310.8 305.4 -0.9
8 340.3 350.7 1.8
9 459.4 450.8 -3.0

10 492.3 490.6 -0.6

a Mean value of H,O, concentration.
b {(B— A)/B} x 100%.

by almost 40%. However, up to 10 umolL~! NO,~ ion, there
is no significant interference in the fluorescence intensity of
phenol compared to samples without NO,~ ion. Ardakani et
al. reported that Fe?* is converted to Fe3* in the presence
of NO,~ ion [30]. Unlike Fe?*-H,0, reaction which generates
OHe*, Fe**-H,0, does not give rise to OH* and is therefore not
expected to produce phenol:

Fe3t + Hy0, — Fe?t + HO,* + H* (@)

Hence, the decrease in the fluorescence intensity may be
due to the oxidation of Fe?* to Fe** by NO,~ ion. Amini et al.
pointed out that the average concentration of NO, ™~ in well,
rain, river, snow and lake water samples are 113nmolL™1,
763nmolL~1, 1.65umolL"?1, 4.56 umolL~! and 1.53 umolL1,
respectively [31]. Fukushi et al., Burakham et al., and Ivanov
et al. in their studies also reported that NO,~ concentration
in sea, rain and river water samples are 0.783-2.39, 1-4.5 and
0.7-1.17 pmol L1, respectively [32-34]. Therefore, it is evident
that the proposed method can be applied to determine H,0,
in seawater and also other natural water samples containing
less than 10 umol L~ NO,~ ion.

3.4.  Fenton-HPLC and POHPAA-FIA intercomparison

The method presented in this study was compared to
POHPAA-FIA method for the determination of H,O, in sea-
water. HyO;-spiked seawater samples were analyzed by the
proposed method and POHPAA-FIA method simultaneously.
The analytical procedure employed for the determination of
H,0, by the POHPAA method has been described elsewhere
[11]. The POHPAA method is based on the enzyme-mediated
reaction between H,0; and (p-hydroxyphenyl) acetic acid to
form a fluorescent POHPAA dimer [11]. This independent
method is chosen because, in addition to its common use,
it has been shown in two intercomparison studies to pro-
duce accurate results [9,35]. The result (Table 2) shows that
the concentrations of H,O, determined by the two methods
are remarkably comparable. This good agreement indicates
the successful applicability of the proposed method for the
determination of H,O, in seawater.
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Table 3 - Concentration ranges of H,0, measured in Seto Inland Sea

Sampling date H,0; (nmolL-1) Depth (m) Analytical method Reference
May 2007 143-348 0-10 Fenton-HPLC This study
May 2002 85-297 0-20 POHPAA-FIA [36]
May 2001 79-183 0-20 POHPAA-FIA [36]
June 1998 187-448 0-20 POHPAA-FIA [36]
May 1997 97-496 0-20 POHPAA-FIA [36]
May 1996 90-257 0-20 POHPAA-FIA [36]
May 1996 90-257 0-20 POHPAA-FIA [36]
August 1991 <400 0-20 POHPAA-FIA [11]
3.5. On-board analysis [5] WJ. Cooper, R.G. Zepp, Can. J. Fish. Aquat. Sci. 47 (1990)
888-893.
The method was employed for on-board analysis of H,O; in (6] N. Nakatani, N. Hashimoto, H. Shindo, M. Yamamoto, M.
Seto Inland Sea. The result (Table 3) shows that the concentra- I;gl;kawa, H. Sakugawa, Anal. Chim. Acta 581 (2007) 260-
tion of H,0, in the water depth of 0-10 m was 143-348 nmol L ™! [7] J.W. Moffett, R.G. Zika, Environ. Sci. Technol. 21 (1987)
(n=30) which is in agreement with previous studies in similar 804-810.
regions [11,36]. [8] A.A.Frimer, A. Forman, D.C. Borg, Isr. J. Chem. 23 (1983)
442-445.
[9] G.W. Miller, C.A. Morgan, D.J. Kieber, D.W. King, J.A. Snow,
4. Conclusions G.B. Heikes, K. Mopper, J.J. Kiddle, Mar. Chem. 97 (2005) 4-
13.
In the present paper, we have demonstrated the applicabil- [10] 501_7[7?;;59' D.J. Kieber, K. Mopper, Deep-5ea Res. 147 (2000)
ity of Fenton reaction for the quantitative determination of [11] K. Fujiwar.a, T. Ushiroda, K. Takeda, Y. Kumamoto, H.
nanomolar level of H,0; in seawater. The proposed method Tsubota, Geochem. J. 27 (1993) 103-115.
is simple, sensitive, selective and convenient for the anal- [12] RJ.Kieber, G.R. Heltz, J. Anal. Chem. 58 (1986) 2312-
ysis of HyO, in seawater samples. The result obtained by 2315.
the determination of H,O, in seawater samples spiked with [13] A.L.Lazrus, G.L. Kok, S.N. Gitlin, J.A. Lind, S.E. McLaren, J.
H,0, standard solutions is consistent with the well-accepted Anal. Qﬁem. 57 (1985) 917—9221‘ "
POHPAA method. Although, POHPAA method is highly sensi- [14] \2)\;:5 Miller, D.-R. Kester, J. Anal. Chem. 60 (1988) 2711~
tive and selective but it suffers the disadvantage of reagent [15] J.H. L.ee, LN. Tang, J. Anal. Chem. 62 (1990) 2381-2384.
instability and high cost. However, our proposed method uses [16] W.J. Cooper, J.K. Moegling, RJ. Kieber, J.J. Kiddle, Mar. Chem.
inexpensive, stable and easily available chemical reagents 70 (2000) 191-200.
that do not need refrigeration. Due to the wide dynamic lin- [17] D. Price, R.EC. Mantoura, PJ. Worsfold, Anal. Chim. Acta 377
ear range, relatively free from interference and low detection (1998) 145-155. .
limit; the proposed method can be applied for the measure- [18] J. Yuan,.A.M. Shiller, J. Anal. Chem. 7,1 (1999) 1975-1980.
. [19] H. Yufei, Z. Zhang, C. Yang, Anal. Sci. 24 (2008) 205-210.
ment of H,O; in other natural water samples. [20] H. Afsar, R. Apak, L. Tor, Analyst 115 (1990) 99.
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1109-1115.
ACknOWIedgements [22] DJ.Johnson, C.M. Sakamoto-Arnold, S.W. Willason, L.
Beehler, Anal. Chim. Acta 201 (1987) 83-94.
We would like to thank the captain and crews of the [23] J. Liu, S.M. Steinberg, B.J. Johnson, Chemosphere 52 (2003)
R/V Toyoshio Maru, Faculty of Applied Biological Science, 815-823. ) ) ) ) )
Hiroshima University for their assistance during the research [24] T. Fukushima, T. Ishibashi, A. Imai, Estuar. Coast. Shelf Sci.
Y g 53 (2001) 51-62.
cruise. This study was supported by the Grants-in-Aid for Sci- [25] A.A. Burbano, D.D. Dionysiou, M.T. Suidan, T.L. Richardson
entific Research (B) (18310010), Japan Society for the Promotion Water Res. 39' (2005) 107—118.’ ’ ’
of Science. [26] J. Bonin, L Janik, D. Janik, D.M. Bartels, J. Phys. Chem. A 111
(2007) 1869-1878.
[27] C.H. Chia, T.D. Duong, L.L. Nguyen, S. Zakaria, J. Colloid
REFERENCES Interface Sci. 307 (2007) 29-33.
[28] V. Kavitha, K. Palanivelu, Water Res. 39 (2005) 3062-3072.
[29] ]J.M. Joseph, H. Destaillats, H. Hung, M.R. Hoffmann, J. Phys.
[1] WJ. Cooper, R.G. Zika, R.G. Petasne, J.M.C. Plane, Environ. Sci. Chem. A 104 (2000) 307-310.
Technol. 22 (1988) 1156-1160. [30] M.M. Ardakani, M.R. Shishehbore, N. Nasirzadeh, A.M.
[2] D.W. Gunz, M.R. Hoffmann, Atmos. Environ. 24A (1990) Hajishabani, M. Tabatabaee, Can. J. Anal. Sci. Spectrosc. 51
1601-1633. (2006) 117-124.
[3] H.Sakugawa, L.R. Kaplan, W. Tsai, Y. Cohen, Environ. Sci. [31] M.K. Amini, M. Pourhossein, M. Talebi, J. Iran. Chem. Soc. 2
Technol. 24 (1990) 1452-1461. (2005) 305-314.
[32] K. Fukushi, N. Ishio, H. Urayama, S. Takeda, S. Wakida, K.

[4] H. Sakugawa, L.R. Kaplan, Atmos. Environ. 27 (1993)
1509-1515.

Hiiro, Electrophoresis 21 (2000) 388-395.



276 ANALYTICA CHIMICA ACTA 627 (2008) 270-276

[33] R.Burakham, M. Oshima, K. Grudpan, S. Motomizu, Talanta [35] R.Schick, I. Strasser, H. Stable, Water Res. 31 (1997)
64 (2004) 1259-1265. 1371-1378.
[34] V.M. Ivanov, V.N. Figurovskaya, N.I. Ershova, A.F. Alyukaeva, [36] S. Akane, S. Makino, N. Hashimoto, Y. Yatsuzuka, Y. Kawali,

A.G. Tsytsarin, J. Anal. Chem. 59 (2004) 541-545. K. Takeda, H. Sakugawa, Oceanogr. Jpn. 13 (2004) 185-196.



	Application of Fenton reaction for nanomolar determination of hydrogen peroxide in seawater
	Introduction
	Experimental
	Reagents and chemicals
	Seawater
	Apparatus
	Analytical procedure

	Results and discussion
	Optimization of reaction conditions
	Effect of reaction time
	Effect of temperature on fluorescence intensity
	Influence of pH on fluorescence intensity
	Effect of the concentration of Fe2+ ion

	Analytical performance
	Interference of NO2- ion on fluorescence intensity
	Fenton-HPLC and POHPAA-FIA intercomparison
	On-board analysis

	Conclusions
	Acknowledgements
	References


