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Description

Field

[0001] The present invention relates to a bromate ion measuring method and apparatus for measuring the concentration
of bromate ions in a test water sample.

Background

[0002] Bromide ions (Br-) are contained in raw waters, such as river water. When the water is treated by the ozonated
process, bromide ions react with ozone to generate bromate ions (BrO3

-). It is considered that bromate ions are a
carcinogen. Thus, the WHO (World Health Organization) provides that the guideline value of the concentration of bromate
ions in drinking water is 10 mg/L. In Japan, a revision was made about a ministerial ordinance concerning water quality
standard that was issued on May 30, 2003, and the revised ordinance provides that the standard value of the concentration
of bromate ions in drinking water is 10 mg/L.
[0003] As a method for measuring the bromate ion concentration in water, known is an ion chromatography with post-
column reaction (IC-PC method). The IC-PC method is a method of using an anion exchange column to separate bromate
ions in a test water sample, adding sulfuric acid, and a mixed liquid of sodium nitrite and sodium bromide to the eluate
of the bromate ions, thereby converting the bromate ions to tribromide ions, and then measuring the ultraviolet absorbance
of the tribromide ions to determine the bromate ions quantitatively. In this IC-PC method, two-stage reactions take place,
and it is necessary to convert, in the first-stage reaction thereof, bromic acid into tribromide ions with a potassium-
bromide/sulfuric-acid solution, and using, in the second-stage reaction, a sodium nitrite solution to ensure the linearity
of a calibration curve in a low concentration range thereof. Thus, an operation for measuring the bromate ion concentration
according to the IC-PC method is complicated, and it is difficult to apply this method to a process apparatus.
[0004] In light of such a background, in recent years, a suggestion has been made about a method of using fluorescence
intensity to measure the concentration of bromate ions. In this method, to a test water sample, trifluoperazine (TFP),
which is a fluorescent substance that is reactive by the co-existence thereof with bromate ions, and hydrochloric acid
are added, the fluorescence intensity is measured at an excitation wavelength of 300 nm and an emission wavelength
of 480 nm, and then a calculation is made about the difference in fluorescence intensity between the test water sample
and a standard sample containing no bromate ion. According to this method, bromate ions can be easily and rapidly
measured with a high precision.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Patent Application Laid-open Publication No. Hei 9-119925
Patent Literature 2: International Publication No. 09/116554

[0006] US2010/0330694 discloses a bromate ion measurement method and apparatus.

Summary

Technical Problem

[0007] In the meantime, TFP shows a quenching reaction when the excitation wavelength, and the emission wavelength
for measurement are 300 nm and 480 nm, respectively. However, when the excitation wavelength and the emission
wavelength for measurement are 300 nm and 480 nm, respectively, the optimal concentration of hydrochloric acid that
makes it possible to ensure the linearity of the calibration curve is a very high value of 6 N. Therefore, in the conventional
method, in which the hydrochloric acid concentration used for the measurement is high, the apparatus (concerned) is
easily corroded, and running costs increase. Furthermore, under this measuring condition, the slope value of the cali-
bration curve is changed by coexisting nitrate ions, so that the bromate ion concentration is not precisely measured in
some cases. In light of such a background, it has been expected to provide a technique making it possible to measure
the concentration of bromate ions precisely without being affected by coexisting substances while the concentration of
hydrochloric acid necessary for the measurement is lowered.
[0008] The present invention has been achieved to solve the above problems, and an object of the present invention
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is to provide a method and an apparatus for measuring bromate ion that can measure the bromate ion concentration
with a high precision while the concentration of hydrochloric acid necessary for the measurement is lowered. Solution
to Problem
[0009] To solve the problem described above and achieve the object, a method for measuring bromate ion according
to the present invention includes: a first step of introducing a test water sample to an anion exchanger that selectively
absorbs bromate ions; a second step of introducing, to the anion exchanger, a hydrochloric acid solution containing a
fluorescent substance, a fluorescence intensity of which is changed by the coexistence of bromate ions; a third step of
measuring the fluorescence intensity of the fluorescent substance contained in the hydrochloric acid solution discharged
from the anion exchanger; and a fourth step of using a calibration curve, which shows a relationship between the
fluorescence intensity of the fluorescent substance and the concentration of the bromate ions, to calculate the concen-
tration of the bromate ions that corresponds to the measured fluorescence intensity, wherein the third step comprises
the step of measuring the fluorescence intensity at any one of a case where the excitation wavelength and the emission
wavelength are 264 nm and 400 nm, respectively, a case where the excitation wavelength and the emission wavelength
are 264 nm and 480 nm, respectively, and a case where the excitation wavelength and the emission wavelength are
300 nm and 400 nm, respectively.
[0010] The method for measuring bromate ion according to the present invention is characterized in that, in the invention
described above, the third step may comprise the step of using a flow injection method to measure the fluorescence
intensity of the fluorescent substance.
[0011] The method for measuring bromate ion according to the present invention is characterized in that, in the invention
described above, the anion exchanger may be a strong anion exchanger having, as a functional group thereof, a qua-
ternary amine.
[0012] To solve the problem described above and achieve the object, an apparatus for measuring bromate ion according
to the present invention includes: a unit that introduces a test water sample to an anion exchanger that selectively
absorbs bromate ions; a unit that introduces, to the anion exchanger, a hydrochloric acid solution containing a fluorescent
substance, a fluorescence intensity of which is changed by the coexistence of bromate ions; a unit that measures the
fluorescence intensity of the fluorescent substance contained in the hydrochloric acid solution introduced to the anion
exchanger; and a unit that uses a calibration curve, which shows a relationship between the fluorescence intensity of
the fluorescent substance and the concentration of the bromate ions, to calculate the concentration of the bromate ions
that corresponds to the measured fluorescence intensity, wherein the fluorescence intensity measuring unit makes a
measurement of the fluorescence intensity at any one of a case where the excitation wavelength and the emission
wavelength are 264 nm and 400 nm, respectively, a case where the excitation wavelength and the emission wavelength
are 264 nm and 480 nm, respectively, and a case where the excitation wavelength and the emission wavelength are
300 nm and 400 nm, respectively.

Advantageous Effects of Invention

[0013] According to the method and the apparatus for measuring bromate ion of the present invention, the bromate
ion concentration can be measured with a high precision while the concentration of hydrochloric acid necessary for the
measurement is lowered.

Brief Description of Drawings

[0014]

[FIG. 1A] FIG. 1A is a chart showing an excitation emission matrix of TFP which has been obtained by adding a
TFP solution to a test water sample having a bromate ion concentration of 0 mg/L, and then adding hydrochloric
acid thereto, thereby making the water into an acidic condition.
[FIG. 1B] FIG. 1B is a chart showing an excitation emission matrix of TFP which has been obtained by adding a
TFP solution to a test water sample having a bromate ion concentration of 20 mg/L, and then adding hydrochloric
acid thereto, thereby making the water into an acidic condition.
[FIG. 2] FIG. 2 is a graph showing a change in the fluorescence intensity (F. I.) relative to a change in the concentration
of bromate ions for respective wavelengths when the concentration of hydrochloric acid is 6 mol/L.
[FIG. 3A] FIG. 3A is a graph showing the following in a case where the excitation wavelength and the emission
wavelength are 264 nm and 400 nm, respectively: a change in the fluorescence intensity (F. I.) following a change
in the concentration of hydrochloric acid when the concentration of bromate ion is 0 mg/L; and a change in the
absolute value of the fluorescence intensity difference between the fluorescence intensity when the bromate ion
concentration is 0 mg/L and that when the bromate ion concentration is 20 mg/L (ΔF. I.).
[FIG. 3B] FIG. 3B is a graph showing the following in a case where the excitation wavelength and the emission
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wavelength are 300 nm and 480 nm, respectively: a change in the fluorescence intensity (F. I.) following a change
in the concentration of hydrochloric acid when the concentration of bromate ion is 0 mg/L; and a change in the
absolute value of the fluorescence intensity difference between the fluorescence intensity when the bromate ion
concentration is 0 mg/L and that when the bromate ion concentration is 20 mg/L (ΔF. I.).
[FIG. 4] FIG. 4 is a graph demonstrating calibration curves for the fluorescence intensity (F. I.) and the bromate ion
concentration obtained when the hydrochloric acid concentration is the optimal hydrochloric acid concentration for
respective peak wavelengths.
[FIG. 5A] FIG. 5A is a graph showing the following about test water samples having bromate ion concentrations of
0 mg/L and 20 mg/L, respectively, in a case where the excitation wavelength and the emission wavelength are 264
nm and 400 nm, respectively: a change in the fluorescence intensity (F. I) with reaction time; and a change in the
absolute value of the fluorescence intensity difference between the fluorescence intensity when the bromate ion
concentration is 0 mg/L and that when the bromate ion concentration is 20 mg/L (ΔF. I.).
[FIG. 5B] FIG. 5B is a graph showing the following about test water samples having bromate ion concentrations of
0 mg/L and 20 mg/L, respectively, in a case where the excitation wavelength and the emission wavelength are 300
nm and 400 nm, respectively: a change in the fluorescence intensity (F. I) with reaction time; and a change in the
absolute value of the fluorescence intensity difference between the fluorescence intensity when the bromate ion
concentration is 0 mg/L and that when the bromate ion concentration is 20 mg/L (ΔF. I.).
[FIG. 5C] FIG. 5C is a graph showing the following about test water samples having bromate ion concentrations of
0 mg/L and 20 mg/L, respectively, in a case where the excitation wavelength and the emission wavelength are 300
nm and 480 nm, respectively: a change in the fluorescence intensity (F. I) with reaction time; and a change in the
absolute value of the fluorescence intensity difference between the fluorescence intensity when the bromate ion
concentration is 0 mg/L and that when the bromate ion concentration is 20 mg/L (ΔF. I.).
[FIG. 6A] FIG. 6A is a graph showing the following in a case where the excitation wavelength and the emission
wavelength are 264 nm and 400 nm, respectively: a change in the fluorescence intensity (F. I.) following a change
in the concentration of nitrate ions; and a change in the absolute value of the fluorescence intensity difference
between the fluorescence intensity when the bromate ion concentration is 0 mg/L, and that when the bromate ion
concentration is 20 mg/L (ΔF. I.).
[FIG. 6B] FIG. 6B is a graph showing the following in a case where the excitation wavelength and the emission
wavelength are 300 nm and 480 nm, respectively: a change in the fluorescence intensity (F. I.) following a change
in the concentration of nitrate ions; and a change in the absolute value of the fluorescence intensity difference
between the fluorescence intensity when the bromate ion concentration is 0 mg/L, and that when the bromate ion
concentration is 20 mg/L (ΔF. I.).
[FIG. 7] FIG. 7 is a graph showing a change in the fluorescence intensity (F. I.) when the concentration of bromate
ions is 0 mg/L relative to a change in the concentration of chlorate ions for respective peak wavelengths.
[FIG. 8] FIG. 8 is a graph showing the following in a case where the excitation wavelength and the emission wavelength
are 300 nm and 400 nm , respectively: a change in the fluorescence intensity (F. I.) when the concentration of
bromate ions is 0 mg/L relative to a change in the concentration of iodate ions.
[FIG. 9] FIG. 9 is a schematic view illustrating the structure of a bromate ion measuring apparatus.

Description of Embodiments

[0015] Hereinafter, referring to the drawings, a description will be made about a method for measuring bromate ions
that is an embodiment of the invention.

(emission matrix analysis)

[0016] The inventors of the present invention have repeated eager researches to find out that the fluorescence intensity
of TFP is changed also in cases other than a case where the excitation wavelength and the emission wavelength are
300 nm and 480 nm, respectively. Specifically, FIGS. 1A and 1B are charts showing excitation emission matrixes of
TFP which have been respectively obtained by adding a TFP solution (294 mM) to test water samples having a bromate
ion concentration of 0 mg/L and 20 mg/L, respectively, and then adding hydrochloric acid thereto, thereby making the
waters into an acidic condition. The fluorescence intensity and the excitation emission matrixes have been measured,
using a spectrophotofluorometer, RF-5300PC, manufactured by Shimadzu Corp., and a spectrophotofluorometer, F-
2700, manufactured by Hitachi High-Technologies Corp.
[0017] As is evident from a comparison between FIGS. 1A and 1B, a peak of the excitation emission matrix in the
case where bromate ions are present in a test water sample is measured when the excitation wavelength and the
emission wavelength are 264 nm and 400 nm (region R1), respectively, as well as when the excitation wavelength and
the emission wavelength are 300 nm and 400 nm (region R2), respectively, when the excitation wavelength and the
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emission wavelength are 264 nm and 480 nm (region R3), respectively, and the excitation wavelength and the emission
wavelength are 300 nm and 480 nm (region R4), respectively.
[0018] Thus, the inventors have analyzed a change in the fluorescence intensity relative to a change in the bromate
ion concentration at the excitation wavelength and the emission wavelength at which each of the peaks of the excitation
emission matrix is measured (hereinafter, the respective excitation wavelengths and emission wavelengths at these
peaks will be referred to as the peak wavelengths). FIG. 2 is a graph showing a change in the fluorescence intensity (F.
I.) relative to a change in the bromate ion concentration for respective peak wavelengths. As shown in FIG. 2, it has
been verified that when the emission wavelength is 480 nm (the peak wavelength in each of the regions R3 and R4),
there is caused a quenching reaction giving a fluorescence intensity decreased as the bromate ion concentration is
increased. On the other hand, it has been verified that when the emission wavelength is 400 nm (the peak wavelength
in each of the regions R1 and R2), there is caused a fluorescence reaction giving a fluorescence intensity increased as
the bromate ion concentration is increased.

(Evaluation of optimum hydrochloric acid concentration)

[0019] Next, the inventors have evaluated the optimal hydrochloric acid concentration when the excitation wavelength
and the emission wavelength are 264 nm and 400 nm, respectively, as well as when the excitation wavelength and the
emission wavelength are 300 nm and 480 nm, respectively. FIGS. 3A and 3B are graph showings the following in a
case where the excitation wavelength and the emission wavelength are respectively 264 nm and 400 nm and a case
where the excitation wavelength and the emission wavelength are respectively 300 nm and 480 nm, respectively: a
change in the fluorescence intensity (F. I.) following a change in the concentration of hydrochloric acid when the con-
centration of bromate ions is 0 mg/L; and a change in the absolute value of the fluorescence intensity difference between
the fluorescence intensity when the bromate ion concentration is 0 mg/L and that when the bromate ion concentration
is 20 mg/L (ΔF. I.).
[0020] As shown in FIG. 3B, when the excitation wavelength and the emission wavelength are 300 nm and 480 nm,
which are conventional measuring wavelengths, the fluorescence intensity difference relative to the change in the hy-
drochloric acid concentration is maximum in a range that the hydrochloric acid concentration is from 4.5 to 6 mol/L [N],
and the linearity is also kept in this range. Although the optimal hydrochloric acid concentration ranges from 4.5 to 6
mol/L [N], a sufficient reproducibility is not obtained at the concentration of 4.5 mol/L [N]. Thus, the hydrochloric acid
concentration optimal for the reproducibility is determined to be 6 mol/L [N]. In the meantime, as shown in FIG. 3A, when
the excitation wavelength and the emission wavelength are 264 nm and 400 nm, which are one of the newly identified
peak wavelengths, the fluorescence intensity difference relative to the change in the hydrochloric acid concentration is
maximum in a range that the hydrochloric acid concentration is from 1.5 to 3 mol/L [N], and further the linearity is also
kept in this range. Although the optimal hydrochloric acid concentration is in the range of 1.5 to 3 mol/L [N], the optimal
hydrochloric acid concentration is determined to be 3 mol/L [N] from the viewpoint of the reproducibility.
[0021] From the above matter, it has been found out that when the excitation wavelength and the emission wavelength
are set to 264 nm and 400 nm, respectively, the hydrochloric acid concentration can be lowered to about 1/2 of the
conventional hydrochloric acid concentration. It has also been found out, though not shown in figures, that also when
the excitation wavelength and the emission wavelength are 264 nm and 480 nm, respectively, as well as when the
excitation wavelength and the emission wavelength are 300 nm and 400 nm, respectively, the hydrochloric acid con-
centration can be lowered in the same way. Accordingly, when the fluorescence intensity can be measured at any one
of a case where the excitation wavelength and the emission wavelength are 264 nm and 400 nm, respectively, a case
where the excitation wavelength and the emission wavelength are 300 nm and 400 nm, respectively, and a case where
the excitation wavelength and the emission wavelength are 264 nm and 480 nm, respectively, the concentration of
hydrochloric acid necessary for the measurement can be lowered.
[0022] FIG. 4 is a graph demonstrating results obtained by measuring, plural times, the fluorescence intensity (F. I.)
relative to a change in the bromate ion concentration at the optimal hydrochloric acid concentration for the above-
mentioned peak wavelengths. As shown in FIG. 4, when the emission wavelength is 480 nm, a variability in the fluores-
cence intensity is large and the slope value of the calibration curve also fluctuates. However, when the emission wave-
length is 400 nm, a variability in the fluorescence intensity is small and the slope value does not fluctuate.
[0023] FIG. 5A is a graph showing the following about test water samples having bromate ion concentrations of 0 mg/L
and 20 mg/L, respectively, in a case where the excitation wavelength and the emission wavelength are 264 nm and 400
nm, respectively: a change in the fluorescence intensity (F. I) with the reaction time; and a change in the absolute value
of the fluorescence intensity difference between the fluorescence intensity when the bromate ion concentration is 0 mg/L
and that when the bromate ion concentration is 20 mg/L (ΔF. I.). FIG. 5B shows the same in a case where the excitation
wavelength and the emission wavelength are 300 nm and 400 nm; and FIG. 5C shows the same in a case where the
excitation wavelength and the emission wavelength are 300 nm and 480 nm, respectively. A time when hydrochloric
acid having a concentration of 3 mol/L [N] is added is denoted as zero minute in the reaction time. For the respective
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peak wavelengths, the following have been measured about each of the sample the bromate ion concentration of which
is 0 mg/L, and the sample the bromate ion concentration of which is 20 mg/L: a change in the fluorescence intensity with
the reaction time, and a change in the fluorescence intensity difference with the reaction time. As a result, as shown in
FIGS. 5A, 5B and 5C, for the respective peak wavelengths, it has been verified that the fluorescence intensity difference
is stabilized after 10 minutes.

(Evaluation of an effect of nitrate ion)

[0024] The inventors of the present invention have evaluated an effect of nitrate ions onto the fluorescence intensity
when the excitation wavelength and the emission wavelength are set to 264 nm and 400 nm, respectively. FIGS. 6A
and 6B are graphs showing the following in a case where the excitation wavelength and the emission wavelength are
respectively 264 nm and 400 nm, and a case where the excitation wavelength and the emission wavelength are respec-
tively 300 nm and 480 nm, respectively: a change in the fluorescence intensity (F. I.) following a change in the concentration
of nitrate ions (NO3

-) when the bromate ion concentration is 0 mg/L; and a change in the absolute value of the fluorescence
intensity difference between the fluorescence intensity when the bromate ion concentration is 0 mg/L, and that when the
bromate ion concentration is 20 mg/L (ΔF. I.). As shown in FIG. 6B, when the excitation wavelength and the emission
wavelength are 300 nm and 480 nm, respectively, which are the conventional measuring wavelengths, a variability in
the fluorescence intensity following the change in the nitrate ion concentration is large, and further the absolute value
of the fluorescence intensity difference between the fluorescence intensity when the bromate ion concentration is 0 mg/L,
and that when the bromate ion concentration is 20 mg/L (ΔF. I.) also fluctuates. Thus, it is difficult to calculate the bromate
ion concentration precisely. On the other hand, as shown in FIG. 6A, when the excitation wavelength and the emission
wavelength are 264 nm and 400 nm, respectively, which are one of the newly-identified peak wavelengths, a variability
in the fluorescence intensity following the change in the nitrate ion concentration is small, and the slope value does not
fluctuate. Thus, the bromate ion concentration can be precisely calculated. From this matter, it has been found out that
when the excitation wavelength and the emission wavelength are set to 264 nm and 400 nm, respectively, the bromate
ion concentration can be precisely measured without being affected by nitrate ions. It has also been verified, though not
shown in figures, that the bromate ion concentration can be precisely measured without being affected by nitrate ions
when the excitation wavelength and the emission wavelength are 300 nm and 400 nm, respectively.

(Evaluation of an effect of chlorate ion)

[0025] When a raw water contains free chlorine, chlorate ions (ClO3
-) are generated therein by ozone treatment. Thus,

the inventors have measured, about a solution having a bromate ion concentration of 0 mg/L, a change in the fluorescence
intensity relative to a change in the concentration of chlorate ions for the respective peak wavelengths. FIG. 7 is a graph
showing the change in the fluorescence intensity (F. I.) when the bromate ion concentration is 0 mg/L relative to the
change in the chlorate ion concentration for the respective peak wavelengths. As shown in FIG. 7, the fluorescence
intensity for the respective peak wavelengths is not largely changed even when the chlorate ion concentration is changed.
From this matter, it has been verified that chlorate ions are not a substance that interferes a precise measurement of
the fluorescence intensity.

(Evaluation of an effect of iodate ion)

[0026] When a raw water is treated by the ozonated process, iodine-containing byproducts, such as iodate ions, may
be generated. Specifically, a water treated by the ozonated process may contain iodate ions at a concentration of about
0 to 30 mg/L ("Investigation report on toxicity, behavior, and its reduction of chemical substances in tap water", Health
and Labour Sciences Research Grant (Life Safety General Research Projects) in 1999, pp. 2160-2168). Thus, the
inventors of the present invention have measured, about a solution having a bromate ion concentration of 0 mg/L, a
change in the fluorescence intensity relative to a change in the concentration of iodate ions. FIG. 8 is a graph showing
the following in the case where the excitation wavelength and the emission wavelength are 300 nm and 400 nm ,
respectively: the change in the fluorescence intensity (F. I.) when the concentration of bromate ions is 0 mg/L relative
to the change in the iodate ion concentration. As shown in FIG. 8, the fluorescence intensity increases irregularly as the
iodate ion concentration is increased. From this matter, it has been verified that iodate ions interfere a precise meas-
urement of the fluorescence intensity.
[0027] Thus, when the concentration of bromate ions is measured, it is desired to use, for example, a measuring
apparatus as illustrated in FIG. 9 to separate and concentrate the bromate ions. FIG. 9 is a schematic view illustrating
the structure of a bromate ion measuring apparatus. As illustrated in FIG. 9, the bromate ion measuring apparatus 1
mainly has a pretreatment unit 10 and a detecting unit 20. The pretreatment unit 10 has a bottle 11a for storing, as an
eluate, a mixed solution of a TFP solution and hydrochloric acid; a bottle 11b for storing a test water sample containing
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bromate ions; a bottle 11c for storing a standard sample water prepared to have an arbitrary bromate ion concentration;
a bottle 11d for storing ultrapure water; a Ag/H column 12; and an anion exchange column 13 functioning as an anion
exchanger according to the invention.
[0028] The bottle 11a and the anion exchange column 13 are connected through a pipe 14a to each other. To the
pipe 14a are fitted a pump 15a for sending the eluate in the bottle 11a into the anion exchange column 13 under pressure,
and a solenoid valve 16a for controlling the supply of the eluate to the anion exchange column 13, and the stop thereof.
[0029] The bottles 11b, 11c and 11d are connected through pipes 14b to 14f to the anion exchange column 13. The
pipes 14c and 14d are connected through a three-way valve 17a to the pipe 14e. The pipes 14b and 14e are connected
through a three-way valve 17b to the pipe 14f. The three-way valve 17a switches a liquid to be supplied into the pipe
14e between the standard sample water in the bottle 11c and the ultrapure water in the bottle 11d. The three-way valve
17b switches a liquid to be supplied into the pipe 14f between the test water sample in the bottle 11b and the standard
sample water or ultrapure water supplied from the pipe 14e.
[0030] The following are fitted to the pipe 14f: a pump 15b for sending any one of the test water sample, the standard
sample water, and the ultrapure water into the anion exchange column 13 under pressure; a solenoid valve 16b for
controlling the supply of any one of the test water sample, the standard sample water, and the ultrapure water into the
anion exchange column 13, and the stop thereof; and the Ag/H column 12.
[0031] The Ag/H column 12 is a column wherein a silver type cation exchange column is combined with a hydrogen
type cation exchange column, and has a function of absorbing halogen contained in a liquid passed through this column.
At the liquid outflow side of the Ag/H column 12, a three-way valve 17c is arranged. The three-way valve 17c switches
a channel for a liquid discharged from the Ag/H column 12 between a direction into the anion exchange column 13 and
a direction into/along a pipe 14g, for waste liquid, that discharges a liquid outside.
[0032] The anion exchange column 13 has a function of absorbing bromate ions selectively without absorbing iodate
ions. In the present embodiment, the anion exchange column 13 is made of a strong anion exchange column having,
as a sorbent, a polymer subjected to a processing for decreasing hydrophobicity and having, as functional groups, a
quaternary amine. At the liquid inflow side of the anion exchange column 13, a three-way valve 17d is arranged. The
three-way valve 17d switches a liquid to be supplied into the anion exchange column 13 between a liquid from the pipe
14a and a liquid from the pipe 14f. At the liquid outflow side of the anion exchange column 13, a three-way valve 17e is
arranged. The three-way valve 17e switches a channel for a liquid discharged from the anion exchange column 13
between a direction into a bottle 18 and a direction into/along the pipe 14g for waste liquid.
[0033] The bottle 18 is a bottle for temporarily storing a liquid discharged from the anion exchange column 13. To the
bottle 18 are fitted a pipe 14i, and a pipe 14h for discharging an overflow liquid to the pipe 14g. A three-way valve 17f
is connected to the pipe 14i. The three-way valve 17f switches a channel for the liquid in the bottle 18 that is discharged
from the pipe 14i between a direction into/along the pipe 14j for discharging a liquid into the pipe 14g for water liquid,
and a direction into/along a detecting pipe 14k.
[0034] To the detecting pipe 14k are fitted a three-way valve 17g and a pump 15c. The three-way valve 17g switches
a liquid to be supplied into the pump 15c between the ultrapure water in the bottle 11d and the liquid in the bottle 18.
The pump 15c sends a liquid supplied through the three-way valve 17g, under pressure, into the detecting unit 20.
[0035] The detecting unit 20 is a device for measuring the fluorescence intensity of a solution by use of the flow injection
method. Specifically, the detecting unit 20 measures the fluorescence intensity of a solution sent under pressure by the
pump 15c. The solution about which the measurement is ended is discharged into the pipe 14g for waste liquid. By the
measurement of the fluorescence intensity with the flow injection method, the fluorescence intensity of the solution can
be continuously and automatically measured. In order to control the measurement precision of the fluorescence intensity
into a constant level, a heat exchanger 21 is arranged in the detecting unit 20. In order to control the measurement
precision of the fluorescence intensity into a constant level, it is allowable to control the three-way valve 17g, thereby
introducing the ultrapure water in the bottle 11d through the detecting pipe 14k into a pipe in the detecting unit 20, and
washing the pipe in the detecting unit 20 whenever a measurement is made.
[0036] The bromate ion measuring apparatus 1, which has this structure, makes a measurement of any test water
sample as follows: when the bromate ion concentration in the test water sample is measured, the solenoid valve 16b is
first made into an open state and then the liquid channels are controlled through the three-way valves 17a to 17e. The
pump 15b is further driven, thereby introducing the ultrapure water in the bottle 11d into the Ag/H column 12 and the
anion exchange column 13 and discharging the ultrapure water passed through the Ag/H column 12 and the anion
exchange column 13 into the pipe 14g for waste liquid. Next, the driving of the pump 15b is stopped and the solenoid
valve 16b is made into a close state. Thereafter, the solenoid valve 16a is made into an open state, the liquid channels
are controlled through the three-way valves 17d to 17g, and the pump 15a is driven, thereby introducing the eluate into
the anion exchange column 13 and supplying the eluate discharged from the anion exchange column 13 into the detecting
unit 20. In the detecting unit 20, the fluorescence intensity of the eluate is measured, thereby making it possible to detect
the fluorescence intensity when the bromate ion concentration is 0 mg/L (zero-point adjustment).
[0037] Next, the driving of the pump 15a is stopped and the solenoid valve 16a is made into a close state. Thereafter,
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the solenoid valve 16b is made into an open state, the liquid channels are controlled through the three-way valves 17a
to 17e, and the pump 15b is driven, thereby introducing the standard sample water in the bottle 11c into the Ag/H column
12 and the anion exchange column 13, and discharging the standard sample water passed through the anion exchange
column 13 into the pipe 14g for waste liquid. By this processing, the bromate ions in the standard sample water are
absorbed onto the anion exchange column 13 to be separated and concentrated. Next, the driving of the pump 15b is
stopped, and the solenoid valve 16b is made into a close state. Thereafter, the solenoid valve 16a is made into an open
state, the liquid channels are controlled through the three-way valves 17d to 17g, and the pump 15a is driven, thereby
introducing the eluate into the anion exchange column 13 and supplying the eluate discharged from the anion exchange
column 13 into the detecting unit 20. By this processing, the bromate ions in the standard sample water that are absorbed
on the anion exchange column 13 are eluted out into the eluate, and supplied into the detecting unit 20. In the detecting
unit 20, the fluorescence intensity of the eluate is measured, thereby making it possible to detect the fluorescence
intensity corresponding to the bromate ion concentration in the standard sample water.
[0038] Next, from the fluorescence intensity when the bromate ion concentration is 0 mg/L, and the fluorescence
intensity corresponding to the bromate ion concentration in the standard sample water, the detecting unit 20 prepares
a calibration curve showing a corresponding relationship between the concentration of bromate ions and the fluorescence
intensity. This calibration-curve-preparing processing, and the processing previous thereto may be conducted in advance,
or may be conducted whenever any one of the respective bromate ion concentrations in test water samples is measured.
[0039] After the finish of the preparation of the calibration curve, the solenoid valve 16b is next made into an open
state, the liquid channels are controlled through the three-way valves 17a to 17e, and the pump 15b is driven, thereby
introducing the test water sample in the bottle 11b into the Ag/H column 12 and the anion exchange column 13, and
discharging the test water sample passed through the Ag/H column 12 and the anion exchange column 13 into the pipe
14g for water liquid. By this processing, the bromate ions in the test water sample are absorbed onto the anion exchange
column 13 to be separated and concentrated. Next, the driving of the pump 15b is stopped and the solenoid valve 16b
is made into a close state. Thereafter, the solenoid valve 16a is made into an open state, and the pump 15a is driven,
thereby introducing the eluate into the anion exchange column 13 and supplying the eluate discharged from the anion
exchange column 13 into the detecting unit 20. By this processing, the bromate ions in the test water sample that are
passed through the anion exchange column 13 are eluted out into the eluate, and supplied into the detecting unit 20. In
the detecting unit 20, the fluorescence intensity of the eluate is measured, and on the basis of the calibration curve the
bromate ion concentration corresponding to the measured fluorescence intensity is calculated. According to the above-
mentioned process-flow, the bromate ion concentration in the test water sample can be measured.

(Embodiment)

[0040] In the present example, the effect of removing iodate ions by an anion exchange column was verified. Specif-
ically, about each of tap waters A, B and C each containing iodate ions at an arbitrarily concentration, the following
operation was made: free chlorine was removed therefrom, and 150 mL of the tap water was introduced into an Ag/H
column; and subsequently the water was introduced into an anion exchange column to absorb a target substance onto
the anion exchange column. Thereafter, the target substance absorbed on the anion exchange column was eluted out
with 30 mL of an eluate (mixed solution of hydrochloric acid and TFP). The environmental temperature at the time of
each of the absorption and the eluate was set to room temperature. At the time of the measurement, the sample
temperature was cooled to 18.0°C. The respective concentrations of the iodate ions before and after the concentration,
and the removal rate thereof are shown in Table 1 described below. As shown in Table 1, when each of all the test water
samples was not introduced to the anion exchange column, that is, when bromate ions were not separated nor concen-
trated, a fluorescence intensity based on the iodate ions was detected in the test water sample. On the other hand, when
each of all the test water samples was passed through the anion exchange column, that is, when bromate ions were
separated and concentrated, no fluorescence intensity based on the iodate ions was detected in the test water sample.
Moreover, no iodate ions were collected from the anion exchange column. It was verified from this matter that when a
test water sample is introduced into an anion exchange column, bromate ions can be separated from iodate ions, and
further concentrated. Therefore, by introducing a test water sample into an anion exchange column, bromate ions can
be measured with a higher precision.

Table 1

Iodate ions

Test water sample name Before concentration (mg/L) After concentration (mg/L) Collection rate (%)

Tap water A 21 0 0

Tap water B 16 0 0
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[0041] As is evident from the above description, the bromate ion measuring method of the embodiment of the invention
includes a first step of introducing a test water sample to an anion exchanger that selectively absorbs bromate ions; a
second step of introducing, to the anion exchanger, a hydrochloric acid solution containing a fluorescent substance, a
fluorescence intensity of which is changed by the coexistence of bromate ions; a third step of measuring the fluorescence
intensity of the fluorescent substance contained in the hydrochloric acid solution discharged from the anion exchanger;
and a fourth step of using a calibration curve, which shows a relationship between the fluorescence intensity of the
fluorescent substance and the concentration of the bromate ions, to calculate the concentration of the bromate ions that
corresponds to the measured fluorescence intensity; wherein the third step includes the step of measuring the fluores-
cence intensity at any one of a case where the excitation wavelength and the emission wavelength are 264 nm and 400
nm, respectively, a case where the excitation wavelength and the emission wavelength are 264 nm and 480 nm, re-
spectively, and a case where the excitation wavelength and the emission wavelength are 300 nm and 400 nm, respectively;
therefore, the bromate ion concentration can be measured with a high precision while the concentration of hydrochloric
acid necessary for the measurement is lowered.
[0042] Additional advantages and modifications will readily occur to those skilled in the art. Therefore, the invention
in its broader aspects is not limited to the specific details and representative embodiments shown and described herein.
Accordingly, various modifications may be made without departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equivalents.

Reference Signs List

[0043]

1 bromate ion measuring apparatus
10 pretreatment unit
11a-11d, 18 bottle
12 Ag/H column
13 anion exchange column
14a-14f,14h-14j pipe
14g direction into/along a pipe
14k detecting pipe
15a-15c pump
16a, 16b solenoid valve
17a-17g three-way valve
20 detecting unit
21 heat exchanger

Claims

1. A method for measuring bromate ion, comprising:

a first step of introducing a test water sample to an anion exchanger (13) that selectively absorbs bromate ions;
a second step of introducing, to the anion exchanger (13), a hydrochloric acid solution having a concentration
of 1.5 mol / L [N] or more and 3 mol / L [N] or less and containing a fluorescent substance, a fluorescence
intensity of which is changed by the coexistence of bromate ions, to elute the bromate ions absorbed onto the
anion exchanger into the hydrochloric acid solution;
a third step of measuring the fluorescence intensity of the fluorescent substance contained in the hydrochloric
acid solution discharged from the anion exchanger (13); and
a fourth step of using a calibration curve, which shows a relationship between the fluorescence intensity of the
fluorescent substance and the concentration of the bromate ions, to calculate the concentration of the bromate

(continued)

Iodate ions

Test water sample name Before concentration (mg/L) After concentration (mg/L) Collection rate (%)

Tap water C 31 0 0
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ions that corresponds to the measured fluorescence intensity,
wherein the third step comprises the step of measuring the fluorescence intensity at any one of a case where
the excitation wavelength and the emission wavelength are 264 nm and 400 nm, respectively, a case where
the excitation wavelength and the emission wavelength are 264 nm and 480 nm, respectively, and a case where
the excitation wavelength and the emission wavelength are 300 nm and 400 nm, respectively.

2. The method for measuring bromate ion according to claim 1, wherein the third step comprises the step of using a
flow injection method to measure the fluorescence intensity of the fluorescent substance.

3. The method for measuring bromate ion according to claim 1 or 2, wherein the anion exchanger (13) is a strong
anion exchanger having, as a functional group thereof, a quaternary amine.

4. An apparatus for measuring bromate ion, comprising:

an anion exchanger (13) adapted for absorbing bromate ions; a unit (17b; 15b; 16b; 17d) adapted for introducing
a test water sample to the anion exchanger (13) that selectively absorbs bromate ions;
a unit (15a; 16a; 14a; 17d) adapted for introducing, to the anion exchanger (13), a hydrochloric acid solution
having a concentration of 1.5 mol / L [N] or more and 3 mol / L [N] or less and containing a fluorescent substance,
a fluorescence intensity of which is changed by the coexistence of bromate ions, to elute the bromate ions
absorbed onto the anion exchanger into the hydrochloric acid solution;
a detecting unit (20) adapted for measuring the fluorescence intensity of the fluorescent substance contained
in the hydrochloric acid solution discharged from the anion exchanger (13); and
wherein the detecting unit (20) is further adapted for using a calibration curve, which shows a relationship
between the fluorescence intensity of the fluorescent substance and the concentration of the bromate ions, to
calculate the concentration of the bromate ions that corresponds to the measured fluorescence intensity,
wherein the detecting unit (20) is further adapted for making a measurement of the fluorescence intensity at
any one of a case where the excitation wavelength and the emission wavelength are 264 nm and 400 nm,
respectively, a case where the excitation wavelength and the emission wavelength are 264 nm and 480 nm,
respectively, and a case where the excitation wavelength and the emission wavelength are 300 nm and 400
nm, respectively.

Patentansprüche

1. Verfahren zur Bromat-Ion-Messung, das Folgendes umfasst:

einen ersten Schritt des Einleitens einer Testwasserprobe in einen Anionenaustauscher (13), der Bromat-Ionen
selektiv absorbiert;
einen zweiten Schritt des Einleitens einer Salzsäurelösung, die eine Konzentration von 1,5 mol/l [N] oder mehr
und 3 mol/l [N] oder weniger aufweist und eine fluoreszierende Substanz enthält, deren Fluoreszenzintensität
durch die Coexistenz von Bromat-Ionen verändert wird, in den Anionenaustauscher (13), um die auf dem
Anionenaustauscher absorbierten Bromat-Ionen in die Salzsäurelösung zu eluieren;
einen dritten Schritt des Messens der Fluoreszenzintensität der fluoreszierenden Substanz, die in der aus dem
Anionenaustauscher (13) abgeleiteten Salzsäurelösung enthalten ist; und
einen vierten Schritt des Verwendens einer Kalibrierungskurve, die eine Beziehung zwischen der Fluoreszen-
zintensität der fluoreszierenden Substanz und der Konzentration der Bromat-Ionen zeigt, um die Konzentration
der Bromat-Ionen zu berechnen, die der gemessenen Fluoreszenzintensität entspricht,
wobei der dritte Schritt den Schritt des Messens der Fluoreszenzintensität in einem beliebigen Fall umfasst, in
dem die Anregungswellenlänge und die Emissionswellenlänge 264 nm bzw. 400 nm betragen, in einem Fall,
in dem die Anregungswellenlänge und die Emissionswellenlänge 264 nm bzw. 480 nm betragen, und in einem
Fall, in dem die Anregungswellenlänge und die Emissionswellenlänge 300 nm bzw. 400 nm betragen.

2. Verfahren zur Bromat-Ion-Messung nach Anspruch 1, wobei der dritte Schritt den Schritt des Verwendens eines
Fließinjektionsverfahrens umfasst, um die Fluoreszenzintensität der fluoreszierenden Substanz zu messen.

3. Verfahren zur Bromat-Ion-Messung nach Anspruch 1 oder 2, wobei der Anionenaustauscher (13) ein starker Ani-
onenaustauscher ist, der als funktionelle Gruppe ein quaternäres Amin aufweist.
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4. Vorrichtung zur Bromat-Ion-Messung, die Folgendes umfasst:

einen Anionenaustauscher (13), der ausgelegt ist, um Bromat-Ionen zu absorbieren;
eine Einheit (17b; 15b; 16b; 17d), die ausgelegt ist, um eine Testwasserprobe in den Anionenaustauscher (13)
einzuleiten, der Bromat-Ionen selektiv absorbiert;
eine Einheit (15a; 16a; 14a; 17d), die ausgelegt ist, um eine Salzsäurelösung, die eine Konzentration von 1,5
mol/l [N] oder mehr und 3 mol/l [N] oder weniger aufweist und eine fluoreszierende Substanz enthält, deren
Fluoreszenzintensität durch die Coexistenz von Bromat-Ionen verändert wird, in den Anionenaustauscher (13)
einzuleiten, um die auf dem Anionenaustauscher absorbierten Bromat-Ionen in die Salzsäurelösung zu eluieren;
eine Detektionseinheit (20), die ausgelegt ist, um die Fluoreszenzintensität der fluoreszierenden Substanz, die
in der aus dem Anionenaustauscher (13) abgeleiteten Salzsäurelösung enthalten ist, zu messen; und
wobei die Detektionseinheit (20) außerdem ausgelegt ist, um eine Kalibrierungskurve zu verwenden, die eine
Beziehung zwischen der Fluoreszenzintensität der fluoreszierenden Substanz und der Konzentration der Bro-
mat-Ionen zeigt, um die Konzentration der Bromat-Ionen zu berechnen, die der gemessenen Fluoreszenzin-
tensität entspricht,
wobei die Detektionseinheit (20) außerdem ausgelegt ist, um eine Messung der Fluoreszenzintensität in einem
beliebigen Fall vorzunehmen, in dem die Anregungswellenlänge und die Emissionswellenlänge 264 nm bzw.
400 nm betragen, in einem Fall, in dem die Anregungswellenlänge und die Emissionswellenlänge 264 nm bzw.
480 nm betragen, und in einem Fall, in dem die Anregungswellenlänge und die Emissionswellenlänge 300 nm
bzw. 400 nm betragen.

Revendications

1. Procédé de mesure d’un ion bromate, comprenant :

une première étape d’introduction d’un échantillon d’eau de test dans un échangeur d’anions (13) qui absorbe
sélectivement des ions bromate ;
une deuxième étape d’introduction, dans l’échangeur d’anions (13), d’une solution d’acide chlorhydrique ayant
une concentration de 1,5 mol/L [N] ou plus et 3 mol/L [N] ou moins et contenant une substance fluorescente,
dont une intensité de fluorescence est modifiée par la coexistence d’ions bromate, pour éluer les ions bromate
absorbés sur l’échangeur d’anions dans la solution d’acide chlorhydrique ;
une troisième étape de mesure de l’intensité de fluorescence de la substance fluorescente contenue dans la
solution d’acide chlorhydrique évacuée à partir de l’échangeur d’anions (13) ; et
une quatrième étape d’utilisation d’une courbe d’étalonnage, qui montre une relation entre l’intensité de fluo-
rescence de la substance fluorescente et la concentration des ions bromate, pour calculer la concentration des
ions bromate qui correspond à l’intensité de fluorescence mesurée,
dans lequel la troisième étape comprend l’étape de mesure de l’intensité de fluorescence dans l’un quelconque
d’un cas où la longueur d’onde d’excitation et la longueur d’onde d’émission sont respectivement de 264 nm
et 400 nm, d’un cas où la longueur d’onde d’excitation et la longueur d’onde d’émission sont respectivement
de 264 nm et 480 nm, et d’un cas où la longueur d’onde d’excitation et la longueur d’onde d’émission sont
respectivement de 300 nm et 400 nm.

2. Procédé de mesure d’un ion bromate selon la revendication 1, dans lequel la troisième étape comprend l’étape
consistant à utiliser un procédé d’injection de flux pour mesurer l’intensité de fluorescence de la substance fluores-
cente.

3. Procédé de mesure d’un ion bromate selon la revendication 1 ou 2, dans lequel l’échangeur d’anions (13) est un
échangeur d’anions fort ayant, comme groupe fonctionnel de celui-ci, une amine quaternaire.

4. Appareil de mesure d’un ion bromate, comprenant :

un échangeur d’anions (13) adapté pour absorber des ions bromate ;
une unité (17b ; 15b ; 16b ; 17d) adaptée pour introduire un échantillon d’eau de test dans l’échangeur d’anions
(13) qui absorbe sélectivement des ions bromate ;
une unité (15a ; 16a ; 14a ; 17d) adaptée pour introduire, dans l’échangeur d’anions (13), une solution d’acide
chlorhydrique ayant une concentration de 1,5 mol/L [N] ou plus et 3 mol/L [N] ou moins et contenant une
substance fluorescente, dont une intensité de fluorescence est modifiée par la coexistence d’ions bromate,
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pour éluer les ions bromate absorbés sur l’échangeur d’anions dans la solution d’acide chlorhydrique ;
une unité de détection (20) adaptée pour mesurer l’intensité de fluorescence de la substance fluorescente
contenue dans la solution d’acide chlorhydrique évacuée à partir de l’échangeur d’anions (13) ; et
dans lequel l’unité de détection (20) est en outre adaptée pour utiliser une courbe d’étalonnage, qui montre une
relation entre l’intensité de fluorescence de la substance fluorescente et la concentration des ions bromate,
pour calculer la concentration des ions bromate qui correspond à l’intensité de fluorescence mesurée,
dans lequel l’unité de détection (20) est en outre adaptée pour effectuer une mesure de l’intensité de fluorescence
dans l’un quelconque d’un cas où la longueur d’onde d’excitation et la longueur d’onde d’émission sont respec-
tivement de 264 nm et 400 nm, d’un cas où la longueur d’onde d’excitation et la longueur d’onde d’émission
sont respectivement de 264 nm et 480 nm, et d’un cas où la longueur d’onde d’excitation et la longueur d’onde
d’émission sont respectivement de 300 nm et 400 nm.
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