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Abstract

1. A novel method for prevention of the oxidation of Sb(IIl) during sample pretreatment,
preconcentration of Sb(IIl) and Sb(V) with nanometer size titanium dioxide (rutile) and speciation
analysis of antimony, has been developed. Antimony(III) could be selectively determined by flow
injection-hydride generation-atomic absorption spectrometry, coexisting with Sb(V). Trace Sb(III)
and Sb(V) were all adsorbed onto 50 mg TiO, from 500 ml solution at pH 3.0 within 15 min, then
eluted by 10 ml of 5 mol/l HCl solution. One eluent was directly used for the analysis of Sb(III); to
the other eluent was added 0.5g KI and 0.2g thiourea to reduce Sb(V) to Sb(Ill), then the mixture
was used for the determination of total antimony. The antimony(V) content is the mathe matical
difference of the two concentrations. Detection limits (based on 3 ¢ of the blank determinations, n
=11) of 0.05 ng/ml for Sb(III) and 0.06 ng/ml for Sb(V), were obtained.

2. The photo-oxidation of Sb(III) to Sb(V) by marine microalgae (diatom, green and red algae)
with or without the presence of transition metals (Fe(Ill), Cu(Il) and Mn(II)). The influence of
marine phytoplankton on the photochemistry of antimony was confirmed for the first time. The
conversion ratio of Sb(III) to Sb(V) increased with increasing algae concentration and irradiation
time. Different species of marine phytoplankton were found to have different photo-oxidizing
abilities. The photochemical redox of transition metals could induce the species transformation of
antimony. After photo-induced oxidation by marine phytoplankton and transition metals, the ratio
of Sb(V) to Sb(Ill) was in the range of 1.07-5.48 for six algae (Tetraselmis levis, Chlorella
autotrophica, Nannochloropsis sp., Tetraselmis subcordiformis, Phaeodactylum tricornutum, and
Porphyridium purpureum), and only 0.92 for Dunaliella salina. The distribution of antimony in the
sunlit surface seawater was greatly affected by combined effects of marine phytoplankton (main
contributor) and transition metals; both synergistic and antagonistic effects were observed. The
results provided further insights into the distribution of Sb(III) and Sb(V) and the biogeochemical
cycle of antimony, and have significant implications for the risk assessment of antimony in the
sunlit surface seawater.

3. The photo-reduction of Cr(VI) to Cr(III) by marine phytoplankton (diatoms, red and green
algae),with or without the presence of transition metals (Fe(Ill), Cu(Il) and Mn(Il)) was

studied. The direct influence of marine phytoplankton on the photochemical reduction of

A%



Cr(VI) was confirmed for the first time, and two kinds of mechanism were suggested to be
responsible for the species transformation: (a) Cr(VI) in excited state could be reduced by the
electron donor in its ground state via photo produced electrons; and (b) the solvated electrons
reduce the CrO4® anions in their ground state. The conversion ratio of Cr(VI) to Cr(Ill)
increased with increasing algae concentration and irradiation time. Different species of
marine phytoplankton were found to have different photo-reducing abilities. The
photochemical redox of transition metals could induce the species transformation of
chromium. After photo-reduction by marine phytoplankton and transition metals, the ratio of
Cr(VI) to Cr(Ill) was in the range of 1.45~2.16 for five green algae (Tetraselmis levis,
Chlorella autotrophica, Dunaliella salina, Nannochloropsis sp., and Tetraselmis
subcordiformis), and only 0.48 for Phaeodactylum tricornutum (diatom) and 0.71 for
Porphyridium purpureum (red alga). The species distribution of chromium in the sunlit
surface seawater was greatly affected by combined effects of marine phytoplankton (main
contributor) and transition metals; both synergistic and antagonistic effects were observed.

The results provided further insights into the species distribution and the biogeochemical
cycle of chromium, and have significant implications for the risk assessment of chromium in

the sunlit surface seawater.

4. A marine microalga Dunaliella salina was used as a model organism in this study. Hydroxyl
radical (-(OH) was determined by HPLC using sodium benzoate as a probe. The photochemical
activity of marine alga on the formation of hydroxyl radicals was confirmed for the first time.
Coastal organisms are often exposed to both metal pollution and macronutrient enrichment. The
influences of the algal concentration, exposure time, macronutrients (nitrate and phosphate)
additions and metal pollution (5.0pg/L Pb(Il) and 0.1pg/L methylmercury) on the photoproduction
of hydroxyl radical were examined. The photoproduction of ‘OH was increased with the
increasing of algae concentration and exposure time. The photoproduction of ‘OH in seawater
with or without D. salina could be increased greatly for the addition of Pb(II), Pb(II) and
methylmercury, but was decreased by only addition of methylmercury. The photoproduction
of -OH was positive correlation with the content of basic function group on cell’s surface and
chlorophyll a per cell. The influence of macronutrient addition on the photoproduction of -OH was
from the photolysis of nitrate and the effects on the photochemical activity of D. salina.
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5. The influences of macronutrient enrichment on iron absorption (intracellular uptake), iron
adsorption (cellular surface uptake), and the bioaccumulation factor (BCF) of iron by coastal
diatoms were examined. In addition, the distribution of different iron size fractions in seawater in
relation to two diatom species exposed to nutrient enrichment over an extended period (6 days for
Thalassiosira weissflogii, and 4 days for Skeletonema costatum), was investigated. Iron
concentrations were measured by inductively coupled plasma mass spectrometry of seven size
fractions: particles (>0.4 um), colloidal particles (0.4pm-100 kDa, 100-50 kDa, 50-30 kDa, 30-10
kDa, 10-3 kDa), and soluble species (<3 kDa). Both the bioaccumulation of iron in the diatoms
and the iron species distribution in the water were affected by the diatom species present, as well
as the nitrate (N) and phosphate (P) concentration. The BCF of iron by T. weissflogii increased
with increasing N (from 16 to 64 pmol L™) and P (from 2 to 10 umol L") concentration. Whereas,
the BCF of iron by S costatum increased markedly with increasing N concentration (from 16 to
64 pmol L), but decreased with increasing P concentration (from 2 to 10 pmol L™).
Non-alga-specific influences of N addition on iron absorption, iron adsorption and the BCFs of
iron were observed; but the influence of P addition on iron adsorption was non-alga-specific,
although it was alga-specific on iron absorption and the BCFs of iron. The addition of P could
affect the iron internalization strategy and this was confirmed for the first time. When the ratio of
N and P was 16 (32:2 pmol/L for N:P), both iron absorption and iron adsorption per cell of T.
weissflogii and S costatum, were at minimum. The iron uptake by T. weissflogii and S. costatum
under a high-N regime was higher than under a low-N regime. Except in the case of the high-P
regime (10 pmol L™), total uptake, total adsorption, and total absorption by cells of S. costatum
were more than those for T. weissflogii, i.e., the influence of the diatom species involved in the
depletion of iron in seawater was obvious. The content of soluble iron species in seawater was
positively correlated with the amount of iron absorption by T. weissflogii, but not with S
costatum.

6. Coastal organisms are often exposed to both metal pollution and macronutrient enrichment.
Dunaliella salina, a uni-cell, cell-wall-less green marine microalga, was used as a model marine
organism. The influences of major nutrients additions on the absorption (intracellular uptake),
adsorption (cellular surface uptake), and bioconcentration of trace metals (Fe, Mn, Zn, and Cu) in
Dunaliella salina over 10 days were examined. When N:P ratio was 16 (8, 0.5umol/L for nitrate,
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phosphate), both metal absorption and bioconcentration factor were the most. The maximum and
minimum metal adsorptions were obtained, respectively, at N:P ratio of 110 (55, 0.5 umol/L for
nitrate, phosphate) and 25 (12.5, 0.5 pmol/L for nitrate, phosphate). The difference in ambient
nitrate concentration did not affect the order of metal adsorption of Dunaliella salina (Fe >> Zn >
Mn > Cu), but the absolute adsorption quantities were greatly affected. The influence of nitrate
concentration on metal absorption and adsorption was different.

Keywords: phytoplankton; sunlight; trace metal; macronutrient;
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Speciation of Antimony by Preconcentration of Sb(III) and Sh(V)
in Water Samples onto Nanometer-size Titanium Dioxide and
Selective Determination by Flow Injection-Hydride Generation-
Atomic Absorption Spectrometry

Feng-ying ZHENG,*** Sha-hua QIAN,* Shun-xing L1,** Xue-qgiong HuaNG.** and Lu-xiu LIN**

*Department of Environmental Science, Wahan University, Wuhan 430072, P. R. China
**Department of Chemistry and Environmental Science, Zhangzhou Teachers College,

Zhangzhou 363000, P. R. Ching

A novel method for prevention of the oxidation of Sh(Ill) during sample pretreatment, preconcentration of Sh(lll} and
Sb(V) with nanometer size titanium dioxide (rutile) and speciation analysis of antimony, has been developed.
Antimony(III) could be selectively determined by flow injection-hydride generation-atomic absorption spectrometry.,
coexisting with Sb(V). Trace Sb(IIl) and Sh(V) were all adsorbed onto 50 mg TiO: from 500 ml solution at pH 3.0
within 15 min, then eluted by 10 ml of 5 mol/l HCI solution. One eluent was directly used for the analysis of ShIll}; to
the other eluent was added 0.5 g KI and 0.2 g thiourea to reduce Sh(V) to Sh{lll), then the mixture was used for the
determination of total antimony. The antimony(V) content is the mathematical difference of the two concentrations.
Detection limits (based on 3¢ of the blank determinations, n = 11) of 0.05 ng/ml for Sh(IIl) and 0.06 ng/ml for Shi(V),

were obtained.

(Received February 6, 2006; Accepted May 26, 2006)

Introduction

Antimony is ubiquitously present in the environment. [Its
toxicity has been demonstrated; on the contrary, it has no
essential function in animals or people. Antimony exists in
various oxidation states (0, III, V), but Sh(V) and Sb(IIl) are
predominant in environmental, biological and geochemical
samples.  The toxicological and physiological behaviors of
antimony depend on its oxidation state.? Antimony(IIT) shows a
high affinity for red blood cells and sulthydryl groups of cell,
while erythrocytes are almost impermeable to  Sh(V).?
Generally Sb(IIl) compounds are claimed to exert a 10-times
higher toxicity than Sb(V) compounds* So. the species
transformation of antimony would greatly affect its toxicity in
the environment. Considering the potentially harmful nature of
antimony, the US Environmental Protection Agency,® EU® and
German Research Council” listed antimony and its compounds
as priority pollutants.

For a better understanding of the fate of Sb in natural water
and for a sound risk assessment, speciation data for Sh are
urgently required. Typical concentrations of total dissolved
antimony are usually less than 1.0 pg/l in non-polluted waters.!
Because of the extremely low concentrations of inorganic forms
of Sb in water, a preliminary concentration is usually necessary.
Recently, preconcentration  techniques such as  solvent
extraction,* solid phase extraction,” precipitation and
coprecipitation'™!! are applied to the speciation of antimony, but
the crucial requirement for preserving the Sb  species
information has not so far been thoroughly investigated nor

¥ To whom correspondence should be addressed.

considered by most researchers. A recent study® revealed that
Sb(Ill) is easily oxidized within some hours to Shi{V}, raising
the question whether or not the concentrations of Sb(V) found
as the major Sb species in extracts of various matrices have
been overestimated owing to oxidation of Sb{lll}) to Sh(V)
during sample manipulation. On the other hand, sample
preparation is often the bottleneck of an analytical procedure
because it is a manual process which makes it slow, work-
intensive and a frequent source of errors and contamination,
particularly when large numbers of samples are involved.

Flow  injection-hydride  generation-atomic  absorption
spectroscopy  (HG-AAS) as the detection system for the
selective determination of antimony species, with low detection
limit and low cost is adopted widely in developing countries.'?
The use of masking agents in hydride generation techniques
(HG) for the determination of antimony is one of the most
important methods for the control of liquid phase interferences
generated by concomitants, mainly transition metals and
elements forming the same hydride. The ideal masking agents
should be able to produce appropriate chemical modifications in
the HG step, reducing interferences and maintain the analytical
sensitivity of the technique. L-Cysteine and thiourea are the
most popular and effective masking agents in the HG
determination of antimony.” Thiourea and KI were applied to
eliminate interferences from Ag*, Cd*, Co*, Cr*, Cu®*, Fe™,
Fe*, Ni** and Zn* at concentrations of the order of 1- 100
ptg/ml.*¥ The prereduction of Sh(V) to its trivalent stable before
hydride generation is mandatory when the total content has to
be determined. L-Cysteine is particularly attractive for
prereducing Sb(V) owing fto the low acid concentrations
required in the hydride generation.®  Potassium iodide,
alone®™ or mixed with thiourea,"® is the reagent most



1320

frequently wsed for previous reduction of Sh(V). The
prereduction could be completed rapidly with KI in high acid
concentration. Because the instability of KI solutions has been
reported,” solid KI should be added directly so as to avoid
instability. Due to above reasons, solid KI with additional
thiourea could be used to {a) prereduce of Sb{V) to Sh(IIl) in
high concentrations of hydrochloric acid; (b) avoid iodide
oxidation; (c) mask the interferences in the HG determination of
antimony.

Manometer size TiO, could adsorb selectively metal ions, and
has a very high adsorption capacity. It has been adopted to
study the adsorption behavior of selenium® and tungsten.® In
this paper, studies are reported of the application of nanometer
size TiO, to the preconcentration of antimony and elimination
matrix interferences. Precautions were also taken to avoid the
oxidation of Sb(Ill) during the preconcentration and analysis
process of antimony.

Experimental

Apparatus

A Model GBC 932AA atomic absorption spectrometer (GBC
Co., Australia) with an antimony hollow-cathode lamp operated
at 10.0 mA was used for all the determinations of antimony. A
slit of 0.2 nm was selected in order to isolate the 217.6 nm
antimony absorption line. An open-ended, T-shaped quartz tube
(17.5 cm length, 1.4 cm inner diameter and 7 cm tubing inlet)
was used for hydride atomization. The atomizer was located
above the burner slot, aligned in the optical pass of the hollow
cathode lamp and heated with an electrothermal wire. The flow
rate of nitrogen was 110 ml/min. The injection volume of
sample, KBHy solution, and carrier solution 1% (v/v) HC] were
2.5, 1.5, and 5.5 ml. All signals were processed in the peak
high mode. A Model WHG-102A2 FI manifold (Peking
Huanshi Co., China) was used for the stibine {ShHa) generation.
The pH values were measured with a Model 320-S pH meter
(Shanghai Mettler Toledo Co., China) supplied with a combined
electrode. A Model HI-3 magnetic stirrer (Jiangsu, China), a
Model TD4 centrifugal machine (Hunan, China) and Milli-Q-
purified water apparatus (USA) were used for the test.

Reagenty

Standard stock solutions of Sb(III} and Sh(V) were prepared,
by dissolving appropriate amount of SbCl; and SbCls (Merck
Co.) in 20% HCI solution.  All stock solutions were stored in
the dark at 4°C.  Working standard solutions of lower
concentrations were prepared daily by appropriate dilution. A
1.5% (wiv) KBH, (Shanghai Experiment Reagent Co., China)
solution was prepared daily from borohydride powder by
dissolving 1.5 g of KBHy in 0.3% (w/v) NaOH. Nanometer
Ti0), (diameter 20 - 40 nm) was provided by the laboratory of
Inorganic  Chemistry, Department of Chemistry, Wuhan
University, and the synthesis method and character of the
nanometer TiOy were described previously in Ref. 22. All other
chemicals were of analysis grade from Shanghai Experiment
Reagent Co., China. Double deionized water of 18 M cm™
specific resistivity, obtained in a Milli-Q} plus Millipore system,
was used to prepare all the solutions and to rinse the previously
cleaned laboratory material. In order to avoid the adsorption of
antimony and contamination, Teflon vessels and 0.45 pm
Nuclepore membrane filter (Teflon) were used: these were
precleaned in concentrated hydrochloric acid for 24 h.
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Fig. | Effect of pH on the ad=orption ratio of Sb(IIISbiV)
(3 pg/ml, 100 ml) on TiO: (50 mg).

Procedure

After the pH was adjusted to 3.0, a sample solution of 500 ml
was added to Teflon beaker containing 50 mg TiO,; the mixture
was stirred for 15 min and then centrifuged. Trace Sh(III) and
Sb(V) were all adsorbed onto TiOw, both Sh(III) and Sb(V) were
then eluted by 10 ml of 5.0 mol/l hydrochloric acid solution.
One eluent was directly used for the analysis of Sh(IlI): to the
other eluent was added 0.5 g KI and 0.2 g thiourea to reduce
Sh(V) to Sbhilll), then the mixture was used for the
determination of total antimony. The prereduction time used
was 15 min.  Antimony(V) content is the mathematical
difference of the two concentrations.

Results and Discussion

Effect of pH on the preconcentration of Sb(IIIVSB(V)

Figure 1 indicates the effect of pH on the adsorption ratio by
TiO; for 100 ml standard solutions of 3 pg/ml Sb{Ill) and
Sh(V). It can be seen from this figure that the ability of
nanometer-size TiO; to adsorb Sb(IIl) and Sb(V) was so high
that the adsorption ratio of Sh(III}/Sb{V) was over 99.0% at
different pH values varying from 1.0 to 9.0. The optimum
adsorption ratio could be obtained for pH values from 3.0 to 7.0,
where the adsorption ratio of TiO: for both Sb(III) and Sb(V)
was over 99.9%. Because the oxidation of Sh{lll} was found to
be inversely proportional to the H* concentrations,™ high acid
concentration could be adopted to avoid the oxidation of Sb(III)
during the preconcentration of antimony. Trace Sb(IIl) and
Sh{V) in water could be enriched with TiO, from the solution at
pH 3.0. The subsequent preconcentrations of Sb(IIl) and Sh(V)
were carried out at pH 3.0

Adsorption equilibration time and capacity of TiO: to ShIITVSH(V)

Because rapid adsorption is of great importance in avoiding
the oxidation of Sh(III) and analytical application, especially in
speciation analysis, a study of the adsorption equilibration time
was performed. The 100 ml solutions containing 50 mg TiO,
and 3 pg/ml Sb{IIT}/Sb(V) were stirred from 5 min to 40 min,
then the adsorption ratio was determined for different adsorptive
times. The adsorption equilibration times were 15 min for both
Sh(IIT) and Sh(V).

In order to determine the adsorption capacity of Sb{IIl) or
Sh{V) by nanometer TiO,, we added 50 mg TiO; to 100 ml
solutions of Sb(IIl} or Sb(V) at different concentrations, varying
from 0.1 to 30.0 pg/ml. A linear relationship between the
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Table | Elution data (%) for Sb(IIl) or Sb(V) adsorbed on
Ti0: with different concentrations of HCI
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Table 2 Analytical results of Sh{III¥Sb(V) in environmental
water samples (ng ml-)

HCl/mol 17!

30 4.0 5.0 6.0 7.0
ShiIll) 329 41.2 96.1 96.3 96.4
ShiVI) 402 9.9 07.4 97.5 98.0

amount adsorbed by TiO; and the concentration of Sb(IIl} and
Sh{V} in sample solution was obtained over the entire range of
the concentration of antimony, ie., the saturated adsorptive
capacity of TiO; could not be obtained under 30.0 pg/ml of
Sh{Ill) or Sh{¥). Thus, nanometer TiO, has a high adsorption
capacity for Sh(Ill) and Sb(V) and the saturated adsorptive
capacity of TiO; is greater than 29.6 lg/mg for Sh(Ill) and
greater than 29.9 lg/mg for Sb{'V), respectively.

Minimum acceptable mass of TiOz for the adsorption

In order to get the acceptable mass of TiOy, for the adsorption
of antimony, we added 10, 30, 50, 80, and 100 mg of TiO: to
100 ml solutions containing 3.0 [Lg/ml Sb(III} or Sb(V). These
mixtures were stirred for 15 min, then centrifuged. The
adsorption ratio of Sb(II) and Sb{V) was improved with the
increase of the dosage of TiO; from 10 to 50 mg, but when the
mass of TiO, exceeds 50 mg, the adsorption ratio remained at
09.9% for Sb{Ill) and for Sh(V). Because of high adsorption
capacity, 50 mg of TiO; is enough for the adsorption of
antimony.

Effect of preconcentration factor on Sh{IIN/SH(V) adsorption

A 50-mg aliquot of TiO, was added to (a) 100 ml solutions
containing 1.0, 1.5, 2.0, 3.0, 5.0, 10, 20, and 30.00 g/ml of
Sb(Ill) or Sh(V), respectively, and the same amount was also
added to (by 3.0 pg/ml Sb{Ill}) or ShIV) solution of which
volume increased from 100 ml to 1000 ml. Then the adsorption
ratio of Sb(III} or Sb(V) was determined. Based on the results
of experiments (a) and {b), one can conclude that the adsorption
ratio of Sh(IIl) or ShiV) rested on the pH wvalue, the
concentration of antimony and the solution volume. When the
concentration of antimony and the volume of sample were no
more than 5.0 pg/ml and 500 ml, respectively, the adsorption
ratio of Sb(III) or Sb(V) could be over 99.09%, i.e., the constant
and quantitative recovery of antimony species could be
obtained, and the ratio is enough for the preconcentration of
antimony in samples.

Elution

Shilll) or ShiV), adsorbed on TiQ, from 500 ml solutions
containing | ng/ml Sh(IIly or Sb(V), was eluted with 8 ml HCI
solution as the eluent. Table 1 presents the elution data (%) for
Sh{Ill) or Sh{V) with different concentrations of the eluent. As
could be seen, 8 ml of 5 mol/l hydrochloric acid solution was an
appropriate eluent for the determination of Sb(Ill) or Sb(V).
Using a higher concentration of hydrochloric acid solution as
the eluent, the elution data would be enhanced a little, but such
use would also incur more cost of analysis, and would produce
pollution for the manipulator and instrument due to the
solution’s volatility.

Evaluation of interference
The effects of 20 foreign ions on the preconcentration and
determination of 1.0 ng/ml Sb(IIl) and 1.0 ng/ml Sb(V) in 500

Sb added Sb found Recovery, %

Sample
Sb(lll}  ShiV) Sbilll) Sb(Vy Sbilll) Sb(V)
Zhangpu 000 000 029 068 — —
seawater 200 200 223 265 970 985
Julong river  0.00  0.00 053 2.02 — —
water 200 200 249 398 980 980
Hotspring 000 000 074 455 — —
water 200 200 265 664 955 1045

ml solution were tested. The results indicated that no
interferences were observed when the concentration (mg/ml) of
NaCl (32.3), KCl (1.2), Ca(NOy), (1.2), MgCl, (0.04) (the
concentrations of all such salts added to the sample solution are
the same in seawater),® Cu®t (00.2), Fe2* (0.2), Fe™ (0.2), Ni*+
(4), Co* (1.6), Zn>* (0.4), Mn* (0.2), Ag+ (0.2), As(IIl) (0.5),
Sn(lly (0.2y, Bi(Ill) (0.2), Hg(Il) (0.2), HCOy™ (1.0), HPO®
(1.0), 80,4+ (8.1}, CI7 (20.0) were in the solution.

Method performance

According to the above-mentioned procedure, a 500-ml of
solution containing 1 ng/ml Sh(IIl) and | ng/ml Sb(V) was
measured.  Detection limits (based on 3¢ of the blank
determinations, n = 11) of 0.05 ng/ml for Sh(III) and 0.06 ng/ml
for ShiV), were obtained. The relative standard deviation was
2.1% for Sbilll) and 2.4% for Sh(V) at 1.0 ng/ml level. To
study the accuracy of the method, we analyzed a synthetic water
sample with 0.2 ng/ml Sb(Illy and 0.3 ng/ml Sh(V). The
contents obtained in synthetic water sample were 0.200 £ 0.004
ng/ml for Sbh(Ill), and 0.298 + 0.007 ng/ml for Sb(V). The
results demonstrated that: (a) the concentrations of Shilll) and
Sb(V) in synthetic water sample each agreed well with the
added concentration; (b) this method gave a concentration
enhancement of 50 for 500 ml sample volume, while obtaining
low enough detection limits for antimony species in natural
water samples; (c) this method avoided the oxidation of Sh(III}
during the preliminary concentration and analysis process.

The  procedure  including  sample pretreatment,
preconcentration and determination of antimony could avoid the
oxidation of Sb(III) for two reasons: (a) High acid concentration
was adopted, i.e., Sb(IIl) was preconcentrated on pH 3.0, eluted
by 5 mol/l hydrochloric acid solution and determined at this
acidity: Sb(IIl) is present as Sh(OH):* in acidic media and as
Sh{OH), in basic media:® the formation of significant amounts
of SbiOH),~ is needed for the oxidation by hydrogen peroxide®
or iodate;” oxidation of Sb(III)y by H:0: was found to be
inversely proportional to the H* concentrations;™ the kinetics of
exchange of antimony between Sb(Ill) and Sb(V) in HCI
solution is rather slow;® (b) The preconcentration with
nanometer size TiO; led not only to an increase in antimony
concentration, but also provided an advantage of rapid (15 min)
elimination or decrease, to a great extent, of the oxidants of
Sb(Ill), such as iron and manganese complexes, that could
rapidly oxidize Sh(Ill) to Sb(V). ==

Analysis of real samples

Sh(Ill} and Sb(V) contents were determined by the proposed
procedure in water samples collected at sites in Fujian Province,
Zhangzhou City, China. Analytical results of samples are listed
in Table 2. Because of no standard reference material of Sh{IIl)
and Sb(V), the precision and accuracy of method were tested by
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spiking the samples. As can be seen in Table 2, satisfactory
results were obtained by the usage of this approach, showing a
recovery of 95.5-98.0% for Sb(Il[} and 98.0-104.5% for
Sb{V). Our results proved that the antimony species information
in water samples could be preserved. No systematic error could
be seen in the added-found methed for antimony speciation in
samples. The efficiency of the preconcentration and detection
system was high.
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