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Abstract We report on a combination of magnetic solid-phase
extraction and spectrophotometric determination of bromate.
Cetyltrimethylammonium ion was adsorbed on the surface of
phenyl-functionalized silica-coated Fe;0,4 nanoparticles (Ph-
SiO,@Fe;0,), and these materials served as the sorbent. The
effects of surfactant and amount of sorbent, the composition of
the desorption solution, the extraction time and temperature
were optimized. Under optimized conditions, an enrichment
factor of 12 was achieved, and the relative standard deviation
is 2.9 % (for n=5). The calibration plot covers the 1-
50 ng mL™' range with reasonable linearity (#*>0.998); and
the limit of detection is 0.5 ng mL™'. The method is not
interfered by ionic compounds commonly found in environ-
mental water samples. It was successfully applied to the
determination of bromate in spiked water samples.

Keywords Magnetic nanoparticles - Hemimicelles -
Cetyltrimethylammonium bromide - Spectrophotometric
detection - Bromate - Water samples

Introduction

Bromate does not occur in natural waters, but it can be formed
by the oxidation of bromide anions during ozonation of drink-
ing water and possibly, by other oxidants in water [1]. Bro-
mate has been classified as a group 2B potential carcinogen
by the International Agency of Research on Cancer. A
potential 10~ risk of cancer has been assessed after a
lifetime exposure in drinking water containing 5.0 ng mL™"’
of bromate and a potential 107> risk at 0.5 ngmL ™' [2]. Since
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bromate ion is considered as a hazardous substance, the
maximum contaminant level of bromate in drinking water,
asrecommended by the US Environmental Protection Agen-
cy (EPA), the European Council (EC) and the World Health
Organization (WHO) is 10ng mL " [2, 3]. During ozonation
of drinking water containing bromide, bromate ion is formed
at levels ranging from 3 to 50 ng mL™" [4]. Therefore, con-
trolling and monitoring of bromate is mandatory, and a reli-
able and sensitive method should be used for the determina-
tion of bromate in water samples. Many reports have been
devoted to methods used for the determination of bromate in
water [2—14]. Among them, ion chromatography (IC) with
conductivity detectionhasbeen traditionally used and chosen
as an official model by the USEPA and International Stan-
dards Organization (ISO) [5, 6]. The major problem in this
approach is due to the influence of chloride content on the
quantification ofbromate. To solve the problemand achievea
lower detection limit, various approaches have been employed
including the reduction of chloride concentration in the sam-
ple using a silver ion cartridge before IC [7]; postcolumn
reaction with chlorpromazine [8], o-dianisidine [9] and potas-
sium iodide—ammonium heptamolybdate [9] have been ap-
plied too. Moreover, very high capacity columns [10], mass
spectrometry-based techniques [2, 3, 11, 12], multi-
dimensional matrix-elimination ion chromatography [13]
and electrochemical techniques [14] can be used to overcome
the chloride problem. Meanwhile, some fast and relatively
simple methods, which are based on flow-injection (FI) tech-
niques with colorimetric and chemiluminescence detection,
have also been reported [6, 15-17].

Mass spectrometry-based techniques have detection limits
below 1.0 ng mL™". Nevertheless, they require costly instru-
mentation, which limit their applications for routine on-site
screening of bromate. The methods based on post-column
derivatization and UV—vis detection are capable of measuring
BrO; ™ concentration below ng mL™" with less interference.
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However, some of these methods use carcinogen reagent [9],
and other systems are complicated which require an unusual
flow cell [8, 9] or additional cost for anion suppressors for
delivery of reagents [9, 18].

Since the introduction of magnetic carrier technology in
1973 by Robinson et al. [19], the synthesis and application of
magnetic nanosized sorbents have been widely developed.
The magnetic nanoparticles have been applied for
preconcentration of many organic and inorganic compounds
in different matrixes [20-24]. A distinct advantage of this
technology is that magnetic nanoparticles can be readily iso-
lated from sample solutions by applying an external magnetic
field. Magnetic nanoparticles offer several advantages over
the traditional microsized sorbents. They possess not only a
high surface area, which can exhibit higher adsorption capac-
ity for analytes, but also strong super paramagnetic properties,
which can meet the need of rapid extraction and ease of
separation for large volume samples by employing a strong
external magnetic field.

Recently mixed hemimicelles have been used as novel
materials in solid-phase extraction of metal ions [22-24] and
organic compounds [25-29]. Hemimicelles are formed by
adsorbing of monolayers of surfactants with their head group
down on an oppositely charged mineral oxide surface while
the hydrocarbon tail-groups protrude into the solution. After
the coating of the mineral oxide surface with a monolayer of
surfactants, additional surfactant molecules could form a sec-
ond layer because of the hydrophobic attraction between their
organic tails. Admicelles, which have a bilayer structure, are
formed after saturation by the adsorbed surfactant. Conse-
quently, the hemimicelle and admicelle are able to interact
with analytes through hydrophobic and ionic interaction, re-
spectively. The amount of surfactant adsorbed on the surface
of sorbent is greatly dependent on the surfactant concentration
and solution pH [25]. Since the surface of the sorbent has a
metal oxide coating (such as alumina, silica, titanium dioxide
and ferric hydroxide) [23-29], sample pH affects the charge
density of the surface and hence, the amount of the adsorbed
surfactant. In fact, the type of sorbent (hemimicelle, mixed
hemimicelles/admicelle and admicelle) and its capacity are
greatly pH dependent. Moreover, conversion of analytes to a
suitable form for extraction by the sorbent is also affected by
the sample pH [23-29]. Therefore, the study of sample pH on
the SPE cannot be carried out in a simple way (e.g. keeping
constant all variables except the pH) [25]. In this study,
modified phenyl-functionalized silica-coated Fe;O4 magnetic
nanoparticles (Ph-SiO,@Fe;04 MNPs) were synthesized. The
surface of MNPs was coated with cetyltrimethylammonium
bromide (CTAB). Due to the hydrophobic surface of
Ph-SiO,@Fe;04 MNPs, a monolayer of the surfactants could
be adsorbed with their hydrocarbon tail-groups down on phe-
nyl groups of Ph-SiO,@Fe;04 MNPs while head groups
protruded into the solution. The outer surface of these
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aggregates is ionic, not letting it absorb the other surfactants.
The type of sorbent is independent of solution pH because only
a monolayer can be formed on the surface of nanoparticles
[25]. Also, in comparison to previously used hemimicelles and
admicelles for SPE [23-29], in the present method, solution
pH does not have any significant effect on the surfactant
adsorption and capacity of the sorbent. The new sorbent
(CTAB-coated Ph-SiO,@Fe;O4MNPs) was employed for
preconcentration of bromate from aqueous samples. After
extraction, bromate was converted to bromine by sodium
metabisulfite, and then the bromine was reacted with reduced
fuchsin to form bromurated red coloured product. The product
has a maximum absorbance at 530 nm [30]. To the best of our
knowledge, MNPs have not been used previously for the
extraction of inorganic anions.

Experimental
Instrumentation

A column-less HPLC system was used for quantification of
bromate in extracted sample. The detection system consisted
of a UV-Vis spectrophotometric detector (Shimadzu SPD-
6AV, www.shimadzu.com), a Rheodyne 7125 injection valve
with a 20-uL loop and a Shimadzu LC-6A pump. A piece of
capillary PEEK tube (20 cm length, 0.25 mm i.d.) was used to
connect injection port to the detector. The carrier phase (pure
water) was used at a flow rate of 1.0 mL min '. The detection
was performed at 530 nm.

Infrared (IR) spectra were taken in KBr pressed pellets on a
Jasco-FT/IR-350 Infrared Fourier Transform Spectrometer

(Tokyo, Japan).
Chemicals and reagents

Tetraethoxysilane (TEOS), polyethylene glycol (PEG),
cetyltrimethylammonium bromide (CTAB), sodium
metabisulfite, citric acid, HCl, NaOH, potassium bromate
(KBrOs), sodium and potassium salts of different anions,
and cations were purchased from Merck (Darmstadt, Germa-
ny, www.merck-chemicals.com). Triethoxyphenylsilane
(TEOPS) was obtained from Fluka (Buchs, Switzerland,
www.sigmaaldrich.com) and basic fuchsin (C;oH;gN3Cl)
was purchased from Sigma—Aldrich (Mississauga, Canada,
www.sigmaaldrich.com).

Fuchsin color developing reagent was prepared using the
method reported by Achilli and Romele [30]. Stock solution
of fuchsin was obtained by dissolving 100 mg of basic fuchsin
in 100 mL of pure water. Then, 0.5 mL of HCI (6 M) was
added to 10 mL of stock fuchsin solution, followed by 200 mg
of sodium metabisulfite. The solution was diluted to 100 mL
with pure water and left to stand overnight for complete
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discoloration. The solution, kept in a dark glass bottle, was
stable for 1 month at room temperature.

For preparation of the citrate buffer solution, first, 44.8 g of
citric acid and 11.3 g of NaOH pellets were dissolved in
500 mL of pure water and then, 45.4 mL of this solution
was mixed with 54.6 mL of 1 M HCI to obtain the buffer
solution (pH 3.4).

A stock standard solution of bromate was prepared by
dissolving the appropriate amount of solid KBrO; in pure
water. Working standard solutions of bromate were prepared
by appropriate dilution of the stock solution with water.

Pure water was prepared by OES (Overseas Equipment &
Services) water purification system (OK, USA).

Synthesis of Ph-SiO,@Fe;0, MNPs

The magnetic nanoparticles were produced according to the
procedure described in our previous work [20]. For the syn-
thesis of Fe;0,4, 11.2 g FeCl;-6H,0 and 3.9 g FeCl,4H,0
were dissolved in 50 mL of 0.4 M HCI. The solution was
rapidly poured into 500 mL of ammonia solution (0.7 M)
under ultrasonic agitation. After continuous ultrasonication
for 2 h, a black precipitate was formed and separated by a
strong magnet with 1.4 T magnetic field (10x2.5%2.5 cm).
The precipitate was washed with pure water. The Fe;O4 was
then coated with a silica shell containing phenyl groups, using
a mixture of TEOPS and TEOS via a sol-gel process. The
Fe;0, precipitate was ultrasonically dispersed in 150 mL of
pure water. Twenty milliliters of the suspension was added to
200 mL of 2-propanol and sonicated for 20 min. Under
continuous ultrasonication, 5.36 g of PEG, 20 mL of water,
10 mL of ammonia solution (25 %), 0.5 mL of TEOS and
0.7 mL of TEOPS were added into the suspension. The
mixture was shaken for 24 h. The Ph-SiO,@Fe;O0, MNPs
were separated by the magnetic field, washed with water and
methanol, and dried at room temperature.

Extraction procedure

5 mL of Ph-SiO,@Fe;0, MNPs suspension (10 mg mL™")
was added to 5 mL of CTAB solution (10 mg mL™") and the
mixture was sonicated for 1 min to adsorb CTAB on the
surface of nanoparticles. 25 mL of standard solution of bro-
mate or water sample was added to the above mixture and
sonicated for 1 min for the dispersion of the nanoparticles in
the sample solution; then it waited for 20 min for the complete
extraction to occur. After that, the magnetic sorbents were
collected by the magnetic field (during 1 min) and supernatant
water was decanted. In order to desorb the analytes from the
sorbent, 1 mL of iodide solution (0.3 M) was added to the
sorbent. The mixture was shaken for 5 min and 100 pL of the
extract was collected in a vial and mixed with 5 pL of citrate
buffer solution (pH 3.4). Then, 5 uL of color developing

reagent was added and the solution was left for 30 min to
complete the reaction [30]. Finally, 20 pL of the solution was
injected into the detection system.

Results and discussion
Characterization of the magnetic adsorbent

Characterization of the Ph-SiO,@Fe;04 MNPs was previous-
ly studied by scanning electron microscopy and X-ray diffrac-
tometry [20]. The IR spectrometry was used to confirm the
immobilization of CTAB on Ph-SiO,@Fe;04 MNPs. The
FTIR spectra for the Ph-SiO,@Fe;0, MNPs, CTAB-coated
Ph-SiO,@Fe;04 MNPs and CTAB are shown in Fig. 1. The
broad band in the range 3,100-3,600 cm ! is due to O-H
stretch, which corresponds to the hydroxyl groups attached to
the Ph-SiO,@Fe;0,4 surface, and also the water molecules
chemically adsorbed to the magnetic particle surface. The
strong bands within the 2,800-3,000 cm ™" region are attribut-
ed to two different C—H stretching vibrations of CTAB, and
the band at ~1,470 cm ! is attributed to C—N band. The FTIR
spectra show that the surface of Ph-SiO,@Fe;0, MNPs was
successfully modified with CTAB.

Optimization of extraction procedure

To optimize the extraction efficiency of the method various
experimental parameters including surfactant and sorbent
amount, desorption media, extraction time and sample tem-
perature were investigated. The peak area of the analyte was
used to evaluate the extraction efficiency under different ex-
traction conditions. All of the experiments were performed in
triplicate.

Surfactant and sorbent amount

The influence of surfactant content was studied by adding
different volumes of CTAB solution (10 mg mL™"), ranging
from 1 to 8 mL, to 5 mL of Ph-SiO,@Fe;04 MNPs suspen-
sion. By adding CTAB solution up to 5 mL, the bromate
extraction efficiency was increased remarkably, and then de-
creased at higher surfactant amounts. After saturation of the
MNPs surface with surfactant (maximum adsorption of sur-
factant probably depends on its initial amount and the hydro-
phobicity of the Ph-SiO,@Fe;04, MNPs surface), the excess
surfactant in the bulk solution competed with the MNPs to
adsorb bromate anion. Consequently, extraction efficiency
would decrease rapidly with increasing the amount of the
surfactant. Therefore, an amount of 5 mL CTAB was chosen
as the optimum value.

To evaluate the effect of quantity of Ph-SiO,@Fe;O4MNPs
on the extraction efficiency, the amount of the sorbent was
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Fig. 1 FTIR spectra of (a) Ph-
SiOz@F6304 MNPS, (b) CTAB-
coated Ph-SiO,@Fe;04 MNPs
and (c) CTAB
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studied between 10 and 90 mg (1-9 mL of the sorbent sus-
pension). A constant amount of CTAB (50 mg) was added
into the sorbent suspension. The results showed that the
peak area of the analyte reached its maximum using 5 mL
(50 mg) of the sorbent. Therefore, 5 mL suspension of
Ph-SiO,@Fe;0, MNPs was selected for subsequent
extractions.

Desorption conditions

For the desorption of organic compounds form the admicelles,
organic solvents such as methanol and acetonitrile have the
ability to disrupt the aggregation of surfactant molecules on
the surfaces of nanoparticles and elute the analytes [24-28]. In
the present work, during the extraction, analyte interact with
cetyltrimethylammoniumion (CTA ") to form a reversible ion-
pair complex. To elute the analyte from the sorbent, the eluent
had to contain a suitable anion (A ") to exchange with bromate
ions according to the reversible equilibrium process given by

Eq. (1):
MNP-CTA'BrO; + A"o»MNP-CTA*A™ + Bro; (1)

Larger anions have stronger affinity to form ion-pair with
the CTA" and hence promote desorption efficiency of the
analyte from the sorbent. To investigate the effect of eluent
composition on desorption of bromate, different solutions
including Nal, NaBr, NaCl and NH,4PF at concentration level
of 0.2 M were studied. After extraction, the sorbents were
eluted by 1 mL of the eluents under ultrasonication for 5 min.
As can be seen in Fig. 2, desorption efficiency was increased
with increasing anion size from CI” to I . Despite large size of
PF¢ , due to interfering of the anion with color developing
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reagent and producing a positive response in blank signal it is
not a suitable eluent. According the results, Nal solution was
used as desorption solution in further experiments.

To study the effect of Nal concentration on the desorption
efficiency of bromate, different concentrations of Nal solution
from 0.1 to 0.5 M were tested. It was seen that signal enhanced
continuously up to 0.3 M Nal and then remained constant.
Therefore, 0.3 M Nal was considered as optimal value.

Sample temperature and extraction time

The effect of extraction temperature was studied over the
range of 25-55 °C. The extraction efficiency was slowly
decreased with the temperature being enhanced up to 55 °C.
Increasing the temperature of sample solution could enhance
mass transfer rates of analytes due to increasing diffusion rate
and the reduction of equilibrium time. On the other hand,
temperature increased BrO; -CTA" ion-pair solubility in

18000 5

12000 4

Signal (arb. u.)

6000 1

S S S

Nal NaBr Nacl
Type of Desorption Salt

Fig. 2 Effect of type of desorption salt on the extraction efficiency
(sample volume, 25 mL; concentration of bromate, 5 ng mL""; amount
of surfactant, 5 mL; Ph-SiO,@Fe;04 MNPs amount, 5 mL; extraction
time, 30 min at room temperature; desorption condition, washing with
1 mL of various salt solutions at 0.1 M concentration level)
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water and reduced the extraction efficiency [31]. In micro
solid-phase extraction using nanoparticles, due to high specif-
ic surface area of the sorbent and the absence of internal
diffusion resistance [20], diffusion rate of the analytes is very
high. Therefore, the mass transfer rate of the analytes was very
fast and relatively independent of sample temperature. Con-
sequently, decreasing the extraction efficiency was most prob-
ably due to increasing BrO; -CTA" ion-pair solubility at
higher temperatures. In the subsequent experiments, the ex-
traction was performed at room temperature as the optimum
temperature.

In order to realize completeness of the extraction, the effect
of extraction time on the adsorption of analyte was studied.
Results showed that 20 min was sufficient for the adsorption
of bromate anions. Regarding relatively fast desorption time
(5 min), the overall time needed for sample preparation was
about 25 min.

Analytical performance characteristics

Based on the results, the optimized extraction conditions for
the determination of bromate by the method were obtained
using 50 mg of the sorbent, desorption with 0.3 M Nal (5 min
ultrasonication) and 20 min extraction time at room
temperature.

Analytical performance data (i.e. linear dynamic range,
precision, limit of detection and enrichment factor) were in-
vestigated under optimized conditions (Table 1). The linear
dynamic range was in the range of 1-50 ng mL ™" (six points).
The regression equation was y=>522.6x+12317 with a deter-
mination coefficient (+*) of 0.9980. Limit of detection (LOD),
calculated based on S/N = 3 and peak-to-peak noise, was
0.5 ng mL™". The LOD value obtained by the method was
about 20 times lower than the regulated value for drinking
water (10 ng mL™" BrO;") [2]. Precision of the method was
measured by five replicate analyses of standard solution of
bromate spiked at two concentration levels (2 and
20 ng mL ). The relative standard deviations (RSDs) were
3.6 % and 2.9 %, respectively.

The enrichment factor was calculated as the ratio of the
analyte concentration in the desorption solution to its initial
concentration in the sample solution. The enrichment factor
was obtained by three replicate extractions of water sample

Table 1 Analytical performance characteristics of the method

Enrichment
(ng mL™") factor

Linear range Determination Precision® (%) LOD
(ng mL™)  coefficient (+%)

1-50 0.9980 3.6°  29° 05 12

@ Expressed as relative standard deviation (n=>5)
° Water sample spiked at 2 ng mL ™"
© Water sample spiked at 20 ng mL !

spiked with the analyte at 5 ng mL™". The enrichment factor
value was 12.

To make a comparison between the present method and
other conventional methods for the determination of bromate,
analytical performance data of the methods were summarized
in Table 2. As can be seen, the LOD of the method is compa-
rable or lower than those obtained by the other techniques
except complex hyphenated systems such as SPE-ICP-MS
and LC-MS/MS. In comparison with ICP-MS and LC-MS/
MS, the method is simple, inexpensive, and fast. In addition,
fewer species at very high concentration may interfere in the
quantification of bromate by the method. Compared to ASTM
and EPA standard methods [5, 34], the present method has
fewer interferences, lower LOD and better precision.

Interference study

Romele and Achilli reported that the detection of bromate ion
using fuchsin reagent could not be influenced by common
anions present in water (e.g. NO;~, CI", SO,", Br, F,
ClO;, NO, , and ClO, ") at given concentration levels [30,
32]. However, interferences from some cations (Caz+, Mg2+,
Zn*" and Cu®") at the concentration found in drinking water
samples were observed [30]. Therefore, an additional step had
to be performed to remove cations by passing the sample
through a strong cation exchange resin [30].

In this study, the effects of some anionic and cationic
substances as probable interfering compounds that may be
exist in the water samples, on the extraction efficiency of
bromate were examined. A standard aqueous solution con-
taining 10 ng mL™" of bromate and a known concentration of
interfering compounds was analyzed by the method. The
sorbent at two quantities was used (Table 3): 1) 50 mg of the
sorbent containing 50 mg of CTAB, and 2) 10 mg of the
sorbent containing 12 mg of CTAB. The tolerable concentra-
tion of coexisting ions was defined as maximum concentra-
tions, creating an error of +5 % in bromate signal [33].

In the present method, the outer surface of the sorbent was
cationic, so substances with positive charge could not be
adsorbed and extracted by the nanoparticles. Unlike the pre-
viously described method [30], the present technique was free
from cationic interferences and no further treatment was need-
ed to clean-up the extracted sample before detection.

As can be seen in Table 3, using lower amount of the
sorbent (10 mg), some anions can interfere in the extraction
and determination of bromate ions at even low concentration
levels.

This could be attributed to the competition of BrO;  and
other anions for the sorption sites [26]. Using insufficient
sorbent amount, due to low capacity, the active sites of the
sorbent would be occupied with interfering ions and thus the
extraction efficiency of analyte would be reduced. However,
using 50 mg of the sorbent, the tolerance limits of different
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Table 3 Interferences study for the determination of 10 ng mL ™" bromate
by the present method

Reference
This method

Interfering ion Limit of interfering (ug mL™")

50 mg MNPs 10 mg MNPs
(containing (containing
50 mg CTAB) 12 mg CTAB)

Ca*", K, Fe?", Na", Cd*", Zn>" 100000 100000
CI', NO;~ 800 10
ClO;, CO5>, S04, 105 600 1
Clo,~, ClIO™, NO,~ 10 8

Tap, well and river
water

Real sample

#Not investigated

anions are at higher concentration levels. ClO, , ClIO  and
NO, have no effect on the determination of bromate at
concentration up to 10 pg mL™". These ions may be normally
found at sub-pg mL " level in drinking or ground waters. At
concentration higher than 10 ug mL™", they must be removed,
masked, or separated prior to the extraction.

In comparison with EPA and ASTM methods [5, 34], a
higher concentration of interfering ions can be tolerated by the
method. The concentration of interfering ions in the most
environmental water samples is lower than those limits ob-
tained in this work. Therefore, the method is practically ap-
plicable for analysis of real water samples.

No interference

Cation

Interfering substances
See Table 3

Anion

Analysis of real sample

In order to investigate the applicability of the method in real
sample analysis, determination of bromate in tap, well (a local
well) and Zayandeh-rood river water samples was performed
by standard addition technique. The results showed that the
water samples analyzed were either free of bromate or had
concentrations below the method detection limit. To

RSD (%)
2936

Table 4 Accuracy and recovery of bromate in fortified environmental
water samples

Sample Bromate added Bromate found Accuracy Recovery®
mgmL")  @gmL) %) ()

LOD (ng mL™")

0.5

Tap water 2.0 2.1 3.0 103
5.0 49 22 98
10.0 10.5 5.1 105
Zayandeh-rood 2.0 1.9 49 95
river water 5 () 4.6 -79 92
10.0 9.4 -6.3 94
Well water 2.0 1.9 =5.0 96
5.0 4.8 -3.8 96
10.0 10.4 42 104

fuchsin with bromate to produce

a red colored product)

FIA-UV-Vis (reaction of reduced

¢ MDME-IC-CD Multi-dimensional matrix-elimination ion chromatography-conductivity detection

¢ SPE-ICP-MS Solid-phase extraction-inductively coupled plasma mass spectrometry
4 LC-MS/MS Liquid chromatography-tandem triple-quadrupole mass spectrometry

& USEPA United states environmental protection agency
" 4STM American society for testing and materials

® Capillary zone electrophoresis

#Porous polymeric monolithic
P F14 Flow-injection analysis
X PCR Post-column reaction

Table 2 (continued)

Method

*The RSDs are between 3.6 and 4.3 % (n=3)
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investigate accuracy of the method, the water samples were
spiked at three concentration levels. The results were accurate
with the relative error varying from —7.9 to 5.1 % (Table 4).
Linearity of the method in real sample analysis was investi-
gated using three concentration levels (2, 5 and 10 ngmL ™" of
bromate). The #* values were higher than 0.9950. Relative
recovery, which is defined as the ratio of the peak area of the
spiked real water extracts to the peak area of spiked pure water
extracts, were between 92 and 105 %. Clearly, these results
demonstrate that the method is suitable for extraction and
determination of bromate in environmental water samples.

Conclusion

A method based on surfactant-coated Ph-SiO,@Fe;04 mag-
netic nanoparticles and spectrophotometric detection was de-
veloped for the trace determination of bromate ion in environ-
mental water samples. In this work, the advantages of nano-
particles as the sorbent including high adsorption capacity and
facile extraction were combined with the advantages of spec-
trophotometric detection, including simplicity, speed, and in-
expensiveness. There was no need to further clean-up the
extracted sample because the method was free of common
interferences found in water samples (metal ions, CI', NO;
SO4%). Although the sorbent was not highly selective and
other large anions can be adsorbed on the sorbent. However, it
was not a serious problem because concentration of such
anions found in natural and drinking water samples are usually
below the interfering limit of the method (Table 3). Compared
to other methods (especially complex hyphenated systems)
the method had low detection limit and good precision. More-
over, the method was simple and fast.
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