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DESCRIPTION

[Title of the Invention]  Analyzing method and analyzing apparatus for urea
[Technical Field]
[0001]

The present invention relates to an analyzing method and an analyzing apparatus suitable
for quantifying urea in a sample solution.
[Background Art]

[0002]

There is a need to accurately analyze and quantify trace amounts of urea in water. For
example, when pure water is produced from raw water by a pure water production system, it is
difficult to remove or eliminate remove urea in the raw water by an ion exchange apparatus and
an ultraviolet oxidation apparatus constituting the pure water production system, and therefore, it
is necessary to supply raw water from which urea has been removed in advance to the pure water
production system. As a method of removing urea, there is known a method of selectively
oxidizing urea by hypobromous acid by adding a chemical agent for producing hypobromous
acid to raw water, but since the chemical agent for producing hypobromous acid also becomes a
load on a pure water production system, it is preferable that the input amount of the chemical
agent be small if it is small. Therefore, it is desired to determine the need for urea treatment by
quantifying the urea concentration in the raw water, and to input an appropriate chemical agent
when the treatment is necessary. In addition, there is a need to measure the urea concentration
in pure water obtained from a pure water production system.

[0003]

As a method for quantifying urea, a quantification method based on a colorimetric
method using diacetyl monoxime, for example, a method described in “Hygiene test method”
[Non-Patent Literature 1], and the like are well known. In the colorimetric method using
diacetyl monoxime, other reagents can be used in combination for the purpose of promoting the
reaction or the like. Examples of reagents used in combination for the purpose of promoting
the reaction include: a solution of antipyrine and sulfuric acid; an aqueous solution of
semicarbazide hydrochloride; an aqueous solution of manganese chloride and potassium nitrate;
a solution of sodium dihydrogen phosphate and sulfuric acid; and the like. When antipyrine is
used in combination, diacetyl monoxime is dissolved in an acetic acid solution to prepare an
acetic acid solution of diacetyl monoxime, antipyrine (1,5-dimethyl-2-phenyl-3-pyrazolone) is

dissolved in, for example, sulfuric acid to prepare an antipyrine-containing reagent solution, the
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acetic acid solution of diacetyl monoxime and the antipyrine-containing reagent solution are
mixed successively into sample water, absorbance in the vicinity of a wavelength of 460 nm is
measured, and quantitation is performed by comparison with a standard solution.

[0004]

The quantification method of urea by means of the colorimetric method using diacetyl
monoxime is intended to quantify the urea in the water of swimming pools and public baths, for
example, and therefore, the sensitivity is poor for quantifying the urea in raw water or the like
supplied to a pure water manufacturing process. Therefore, Patent Literature 1 discloses a
method of continuously quantifying urea on-line in sample water in a concentration range of ppb
or less to several ppm in order to continuously monitor the concentration of a trace amount of
urea in the sample water by means of measuring the absorbance by applying flow injection
analysis while being based on a colorimetric method using diacetyl monoxime.

[0005]

Here, the flow injection analysis will be described. In the flow injection analysis, a
continuous stream of liquid is formed in a thin tube into which a sample solution is injected to
cause a reaction with a reagent, and the concentration of a reaction product or the like is
measured at the end portion of the tube. The thin tube where reaction takes place is commonly
referred to as a reaction coil.  Such a flow injection analysis is widely used for quantitative
analysis or the like of various target substances in a sample solution, in addition to the
above-mentioned quantification of urea concentration.

[Citation List]
[Patent Literature]

[0006]
[Patent Literature 1] JP 2000-338099A
[Non Patent Literature]

[0007]

[Non-Patent Literature 1] “Hygiene test method, Annotation 1990, Appendix (1995)”,
edited by the Pharmaceutical Society of Japan, 4.1.2.3(13)1, p. 1028, 1995
[Summary of Invention]

[Technical Problem]
[0008]

When urea in a sample solution is used as a target substance by a quantitative method

such as flow injection analysis, stable quantitation may not be possible. For example, when a

trace amount of urea in the sample water is quantified by the method described in Patent
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Literature 1, it may not be possible to stably quantify urea depending on the sample water, and
sometimes a result as if urea is contained in the sample water which has already been known not
to contain urea may be obtained.

[0009]

It is an object of the present invention to provide an analyzing method and apparatus
capable of stably quantifying urea in a sample solution.
[Solution to Problem]

[0010]

The analyzing method according to the present invention is an analyzing method of
quantifying urea in a sample solution, the method including: a pretreatment step of pretreating a
sample solution with at least one of a membrane device including a reverse osmosis membrane
and an ion exchange device including an ion exchanger; and an analyzing step of quantifying
urea in the pretreated sample solution.

[0011]

The analyzing apparatus of the present invention is an analyzing apparatus for
quantifying urea in a sample solution, wherein the analyzing apparatus includes: pretreatment
means for pretreating a sample solution; and analyzing means for quantifying urea in the
pretreated sample solution, and wherein the pretreatment means comprises at least one of a
membrane device including a reverse osmosis membrane and an ion exchange device including
an ion exchanger.

[Advantageous Effect of Invention]
[0012]

According to the present invention,. it is possible to stably quantify urea in a sample
solution.

[Brief Description of Drawings]
[0013]

FIG. 1 is a diagram showing a configuration of an analyzing apparatus according to an
embodiment of the present invention.

FIG. 2 is a diagram showing a configuration of an analyzing apparatus according to
another embodiment of the present invention.

FIG. 3 is a diagram showing a configuration of an analyzing apparatus according to yet
another embodiment of the present invention.

FIG. 4 is a graph showing a relation between water flown days and the peak intensity in

Example 7.



[Embodiment for carrying out the invention]
[0014]

Next, embodiments of the present invention will be described with reference to the
drawings. First, the knowledge obtained by the present inventors in completing the present
invention will be described. As a detection method in the flow injection analysis, measurement
of absorbance at a specific wavelength corresponding to a reagent to be used and a target
substance is widely performed, but the present inventors have found that some interfering
substance in a sample solution may react with the reagent and a component generated by the
reaction may interfere with the absorbance measurement, and that interference to the absorbance
measurement can be suppressed by treating the sample solution with an ion exchanger.

[0015]

Furthermore, the present inventors have found that organic nitrogen compounds such as
humic substances contained in the sample water become interfering substances when the
quantification of urea is performed, and that these interfering substances can be removed by a
reverse osmosis membrane device having a reverse osmosis membrane or an ion exchange
device having an ion exchanger. For example, when the quantification of urea is performed
based on a colorimetric method using diacetyl monoxime, the absorbance near the wavelength of
460 nm is measured, but organic nitrogen compounds such as humic substances also have
absorption near the wavelength of 460 nm, which are considered to be interfering substances in
the quantification of urea. Since urea itself is also an organic nitrogen compound, urea is not
included when it is referred to as an organic nitrogen compound as an interfering substance in
this Description when urea is used as a target substance for analysis.

[0016]

FIG. 1 shows a configuration of an analyzing apparatus according to an embodiment of
the present invention. Here, the present invention will be described by taking as an example a
case where raw water used for pure water production or pure water itself is used as sample water,
and a trace amount of urea contained in the sample water is continuously quantified on-line. It
is needless to say that the sample water used for the quantification of urea in the present
invention is not limited to the raw water used for producing pure water. For example, the
analyzing apparatus of the present embodiment can be connected to some water processing
system to make the water from the water processing system a target of measurement. A pure
water production apparatus is also a type of water processing system. The analyzing apparatus
of the present embodiment generally comprises a pretreatment unit 50 for performing

pretreatment of the sample water, and an analyzing unit 20 for analyzing and quantifying urea in



the pretreated sample water.
[0017]

As shown in FIG. 1, line 40 of raw water used for producing pure water is provided, and
in this line 40, the raw water is fed as indicated by an arrow in the figure. Pipe 41 branched
from line 40 of the raw water is provided. Pipe 41 is a pipe sending the sample water branched
from the raw water to pretreatment unit 50. Pretreatment unit 50 includes: pump P5 for
pumping the sample water which had been supplied to pretreatment unit 50 via pipe 41; filter 51
for removing particulate impurities in the sample water; and membrane device 52. Filter 51 is
provided at the outlet of pump P5. The sample water that has passed through filter 51 is
supplied to membrane device 52. Membrane device 52 includes membrane 53 that is a reverse
osmosis (RO) membrane, and is configured as a reverse osmosis membrane device.
Concentrated water, which is sample water having an increased impurity concentration without
permeating through membrane 53, and permeated water, which is sample water having a
decreased impurity concentration due to permeation through membrane 53, are discharged from
membrane device 52. In the present embodiment, the pretreated sample water is the permeated
water. The salt rejection rate of membrane 53, which is a reverse osmosis membrane, with
regard to sodium chloride is preferably 99% or less, as will be apparent from Examples
described later. The lower limit of the salt rejection rate of the reverse osmosis membrane is
not particularly determined as long as it can effectively remove humic substances and the like,
but is 50% or more as an example.

[0018]

Sample water pipe 21 for sending the pretreated sample water to analyzing unit 20 is
branchef from the permeate water pipe of membrane device 52. Sample water pipe 21 is a pipe
of the sample water branched from the raw water, in which on-off valve 22 and flowmeter FI are
provided.

[0019]

At the tip of sample water pipe 21, sampling valve 10 is provided. Sampling valve 19 is
also referred to as an injector or an injection valve. The portion downstream from sampling
valve 10, including sampling valve 10 itself, is analyzing unit 20. Analysis unit 20 has a
configuration as a flow injection analysis (FIA) device, and performs the quantification or
determination of urea in the sample water.

[0020]
Sampling valve 10 is of a configuration generally used in the FIA method, and includes

six-way valve 11 and sample loop 12. Six-way valve 11 is provided with six ports indicated by
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circled numerals in the drawings. Sample water pipe 21 is connected to port 2.  Further, pipe
23 to which the carrier water is supplied is connected to port 6, pipe 25 for draining the sample
water through pump P4 is connected to port 3.  Sample loop 12 for collecting a predetermined
volume of the sample water is connected between port 1 and port 4. One end of pipe 24 serving
as an outlet of sampling valve 11 is connected to port 5. The carrier water is water substantially
free of urea, for example, pure water. The carrier water is supplied to pump P1 through pipe 19,
and is fed to port 6 through pipe 23 from pump P1. When performing continuous quantitation
of urea, by always opening on-off valve 22 and constantly driving pump P4, the sample water is
caused to flow constantly toward sampling valve 10 from sample water pipe 21.

[0021]

Assuming that “(X-Y)” indicates that port X and port Y communicate with each other in
six-way valve 11, six-way valve 11 is capable of switching between a first state where (1-2),
(3-4), (5-6) and a second state where (2-3), (4-5), (6-1). In FIG. 1, the connection relationship
between the ports in the first state is shown by a solid line, and the connection between the ports
in the second state is shown by a dotted line. The carrier water in the first state flows as pipe 23
— port 6 — port 5 — pipe 24, and flows out to a downstream side from sampling valve 10.

The sample water flows as sample water pipe 21 — port 2 — port 1 — sample loop 12 — port 4
— port 3, and is discharged from pipe 25. When switching from the first state to the second
state, the sample water flows as sample water pipe 21 — port 2 — port 3, and is discharged from
pipe 25, while the carrier water flows as pipe 23 — port 6 — port 1 — sample loop 12 — port 4
— port 5 — pipe 24, and flows out to the downstream side. At this time, the sample water that
has already flowed in and filled the inside of sample loop 12 in the first state flows from port 5
into pipe 24 prior to the carrier water, and flows to the downstream side of sampling valve 10.
The cubic volume of the sample water flowing into pipe 24 is defined by sample loop 12.
Therefore, by repeatedly switching the first state and the second state, for example, by rotating
six-way valve 11 in the illustrated arrow direction, a predetermined volume of the sample water
can be repeatedly fed to pipe 24. The switching between the first state and the second state can
be performed at predetermined time intervals in consideration of the residence time required for
the reaction and the time until urea is detected by detector 32.  Further, the switching can be
performed by detecting that the sample water introduced into detector 32 is discharged from
detector 32. In this manner, urea can be continuously quantified by automatically switching
between the first state and the second state.

[0022]

In the analyzing unit 20, the FIA method is applied to quantification of urea by a
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colorimetric method using diacetyl monoxime. Therefore, an acetic acid solution of diacetyl
monoxime and an antipyrine-contain reagent solution are used as reaction reagents used for
quantification of urea. In the following description, the acetic acid solution of diacetyl
monoxime is also referred to as Reagent A, and the antipyrine-contain reagent solution is also
referred to as Reagent B. Here, the case where an antipyrine-contain reagent solution is used as
areagent used in combination with diacetyl monoxime is described, but the reagent used in
combination with diacetyl monoxime is not limited to an antipyrine-containing reagent solution.
Reagent A and Reagent B are stored in reservoirs 41, 42, respectively.

[0023]

The present inventors have found that after preparation of these reagents, the peak
intensity in the absorbance measurement decreases when the reagents have been kept at room
temperature for a long period of time, e.g., several days or more, for the continuous
determination of urea, and that this decrease in the peak intensity can be prevented by
refrigerating the reagents, in particular Reagent B (see WO 2018/186104 A). Since it is
preferable that the peak intensity in the absorbance measurement does not decrease in order to
perform stable quantitation, in the analyzing apparatus of the present embodiment, reservoirs 41,
42 are provided in refrigerator 40. Reagent A is prepared by dissolving diacetyl monoxime in
an acetic acid solution, but when refrigerator 40 is provided, the preparation itself is performed
in reservoir 41, or Reagent A is prepared and then stored in reservoir 41. Similarly, Reagent B
is prepared by dissolving antipyrine in, for example, sulfuric acid, but the preparation itself is
performed in reservoir 42, or Reagent B is stored in reservoir 42 after the preparation thereof.
Refrigerator 40 shields reservoirs 41, 42 from light and cools reservoirs 41, 42, thereby
maintaining the temperatures of Reagent A and Reagent B in reservoirs 41, 42 at 20 °C or less,
preferably 3 °C or more and 20 °C or less, more preferably 5 °C or more and 15 °C or less.
Reservoir 41 storing Reagent A does not necessarily have to be disposed in refrigerator 40 as
long as it can be stored in a light-shielded manner. Further, it is also possible for refrigeration
temperatures of the reagents to be lower than 5 °C, as long as there is no crystal precipitation
occurring in the reagents. With respect to a sulfonic acid solution of antipyrine in which
antipyrine is dissolved in sulfuric acid, “Hygiene test method” (Non-Patent Literature 1)
describes that this solution can be used for 2 to 3 months if stored in a brown bottle, and that
refrigerated storage of this solution is not suitable because crystals precipitate and do not
re-dissolve even when returned to room temperature. However, the present inventors
experimentally confirmed that the sulfuric acid solution of antipyrine prepared according to the

Hygiene test method does not crystallize at 3 °C.



[0024]

One end of pipe 26 is connected to reservoir 41, and the other end of pipe 26 is connected
to pipe 24 by mixing portion 43. Pipe 26 is provided with pump P2 for feeding Reagent A into
pipe 24 at a predetermined flow rate. Similarly, one end of pipe 27 is connected to reservoir 42,
and the other end of pipe 27 is connected to pipe 24 by mixing portion 44. Pipe 27 is provided
with pump P3 for feeding Reagent B into pipe 24 at a predetermined flow rate. Mixing
portions 43, 44 each have a function of uniformly mixing Reagent A and Reagent B into the flow
of liquid in pipe 24. The other end of pipe 24 is connected to an inlet of reaction coil 31
provided inside reaction thermostatic chamber 30. Reaction coil 31 is intended to cause a
coloring reaction by urea and diacetyl monoxime in the presence of antipyrine therein, the length
thereof and the flow rate inside reaction coil 31 is appropriately selected according to the
residence time required for the reaction. Reaction thermostatic chamber 30 is for raising the
temperature of reaction coil 31 to a temperature suitable for the reaction, and for example, heats
reaction coil 31 to a temperature of not less than 50 °C and not more than 150 °C, preferably not
less than 90 °C and not more than 130 °C.

[0025]

At the end of reaction coil 31, i.e., at the outlet thereof, there is provided detector 32 for
measuring the absorbance of the color generated in liquid by the coloring reaction with respect to
the liquid flowing out from reaction coil 31. Detector 32 obtains, for example, the peak
intensity or the peak area of the absorbance in the vicinity of a wavelength of 460 nm. The
concentration of urea in the sample water can be obtained from the absorbance for the sample
water by taking the absorbance when the carrier water is flowing as a baseline and obtaining a
calibration curve from the absorbance for a standard solution whose urea concentration is already
known. At the outlet of detector 32, back pressure coil 33 is provided which gives back
pressure to the line from pump P1 through sampling valve 10, pipe 24 and reaction coil 31 to
detector 32. Pressure gauge PI is connected to the position between the outlet of detector 32
and the inlet of back pressure coil 33. From the outlet of back pressure coil 33, the drainage of
analyzing unit 20 configured as an FIA device flows out.

[0026]

In the analyzing apparatus of the present embodiment, urea in the sample water can be
measured on-line by a colorimetric method using diacetyl monoxime, using analyzing unit 20
configured as an FIA device. At this time, when the sample water is passed through the reverse
osmosis membrane device as a pretreatment for the sample water, as will be apparent from the

Examples described later, the influence of humic substances, which are interfering substances,
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can be removed, and the urea can be stably quantified. ~Although it cannot be said that urea is
not removed by the reverse osmosis membrane device, the elimination rate of urea by the reverse
osmosis membrane device does not depend on the urea concentration in the sample water if the
operating conditions of these membrane devices are the same. From this, it is possible to obtain
the true urea concentration in the sample water by previously obtaining the urea elimination rate
in membrane device 52 and correcting the urea quantitative value obtained in analyzing unit 20
based on the urea elimination rate. Filter 51 does not substantially participate in the removal of
urea in pretreatment unit 50. Further, in the present embodiment, as Reagent A (acetic acid
solution of diacetyl monoxime) and Reagent B (antipyrine-containing reagent solution) used in
the reaction, those maintained at 20 °C or lower after preparation of these reagents can be used,
particularly for Reagent B.  As a result, it is possible to perform continuous quantitation of urea
stably over a long period of time, as will be apparent from Examples described later.

[0027]

FIG. 2 shows an analysis apparatus according to another embodiment of the present
invention. Organic nitrogen compounds that are interfere substances to the quantification of
urea may not be completely removed by the reverse osmosis membrane device, depending on
their molecular weight, and these organic nitrogen compounds may be included in the permeated
water from membrane device 52. Therefore, in order to remove such an organic nitrogen
compound, it is conceivable that an ion exchange device having at least an anion exchange resin
is provided in pretreatment unit 50 in the preceding stage or the following stage of membrane
device 52.  The analyzing apparatus shown in FIG. 2 is an apparatus in which ion exchange
device 54 having at least an anion exchange resin is provided at the following stage of membrane
device 52 in the analyzing apparatus shown in FIG. 1. The permeated water from membrane
device 52 passes through ion exchange device 54, and after passing through ion exchange device
54, branches to sample water pipe 21.  Although it is conceivable to provide ion exchange
device 54 in the preceding stage of membrane device 52, it is preferable to provide ion exchange
device 54 in the following stage of membrane device 52 because, in the case where ion exchange
device 54 is provided in the preceding stage of membrane device 52, the amount of water to be
treated in ion exchange device 54 increases and the concentration of the component to be
ion-exchanged is high, and then it is necessary to regenerate the ion exchange resin frequently.
Since urea has an amino group but is nonionic, it does not substantially adsorb to at least the
anion exchange resin.

[0028]

FIG. 3 shows an analyzing apparatus according to yet another embodiment of the present
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invention. The analyzing apparatus shown in FIG. 3 is used for the quantification of a trace
amount of urea in raw water used for producing pure water. Similarly to the analyzing
apparatus shown in FIGS. 1 and 2, the analyzing apparatus shown in FIG. 3 has a configuration
that pretreatment unit 50 is connected to pipe 41 branched from line 40 of the raw water used for
the production of pure water, and the sample water that has passed through pretreatment unit 50
is supplied to analyzing unit 20 via sample water pipe 21. On-off valve 22 and flowmeter FI
are provided on sample water pipe 21. Analyzing unit 20 in the analyzing apparatus shown in
FIG. 3 has the same configuration as analyzing unit 20 in the analyzing apparatus shown in FIG.
1, and is provided as an FIA apparatus.

[0029]

In the analyzing apparatus shown in FIG. 3, pretreatment unit 50 is provided with filter
51 and ion exchange device 54 from the upstream side, and is not provided with a pump or a
membrane device. The analyzing apparatus shown in FIG. 3 is configured such that the whole
amount of the sample water that has passed through ion exchange device 54 is sent to sample
water pipe 21. Of course, only a part of the sample water that has passed through ion exchange
device 54 may be sent to sample water pipe 21. Filter 51 removes insoluble particles contained
in the sample water. Ion exchange device 54 is a device in which an ion exchanger is disposed
in a container, and is configured such that sample water passes through the ion exchanger. Ion
exchange device 50 is provided to remove any interfering substances from the sample water
which are contained in the sample water and which interfere with the absorbance measurement
for the quantification of the target substance. Here, the target substance is urea. The ion
exchanger provided in ion exchange device 50 may be only an anion exchanger or only a cation
exchanger, or may be a mixed bed or a multilayered bed of the anion exchanger and the cation
exchanger. The anion exchanger is, for example, at least one of a granular anion exchange
resin, a monolithic anion exchange resin, and an anion exchange fiber. The cation exchanger is,
for example, at least one of a granular cation exchange resin, a monolithic cation exchange resin,
and a cation exchange fiber.

[0030]

Here, an example of an ion exchanger provided in ion exchange device 50 has been
described, but such an ion exchanger can also be used in ion exchange device 50 in the analyzing
apparatus shown in each of FIGS. 1 and 2.

[0031]
In pretreatment unit 50 of the analyzing apparatus shown in FIG. 3, filter 51 is provided

on the inlet side of ion exchange device 50, but filter 50 may be provided on the outlet side of
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ion exchange device 50, that is, between ion exchange device 50 and on-off valve 22. Also in
the analyzing apparatus shown in FIG. 3, urea in the sample water can be continuously measured
on-line by a colorimetric method using diacetyl monoxime using the FIA method. At this time,
by introducing the sample water into the FIA device after passing the sample water through the
ion exchanger, even if the sample water contains any substance that may affect the absorbance
measurement by detector 32, the substance is removed by ion exchanger 50, and therefore, as
will be apparent from Examples described later, continuous quantitation of a trace amount of
urea can be stably performed. Further, by using Reagent A (acetic acid solution of diacetyl
monoxime solution) and Reagent B (antipyrine-containing reagent solution) used in the reaction,
especially Reagent B, which are maintained at 20 °C or lower after preparation of these reagents,
it becomes possible to perform continuous quantitation of urea stably over a long period of time.
[0032]

As described above, with reference to FIGS. 1 to 3, the case where the FIA device is used
as analyzing unit 20 has been described for the analysis apparatus according to the present
invention. However, in the present invention, when the urea is quantified, analyzing unit 20
may be configured using an analysis mechanism other than the FIA device. That is, in the
present invention, in order to remove the influence of interfering substances such as humic
substances in the determination of urea regardless of the quantification method, the sample
solution may be treated by at least one of a membrane device having a reverse osmosis
membrane and an ion exchange device having an ion exchanger as pretreatment of the
quantification of urea.

[0033]

Each of the analyzing apparatuses described with reference to FIGS. 1 to 3 can also be
used for microquantitative analysis using chemical species other than urea as a target substance
by appropriately selecting a coloring reagent used in analyzing unit 20 configured as an FIA
device and a wavelength of absorbance measurement. Even in the case where a chemical
species other than urea is used as a target substance, by providing pretreatment unit 50 including
at least one of membrane device 52 and ion exchange device 55 in the proceding stage of
analyzing unit 20, it becomes possible to remove in advance an interfering substance with
respect to the quantification of the target substance by absorbance measurement, and it becomes
possible to quantify the target substance with high degree of accuracy. Since the FIA method in
a non-aqueous solvent system has also been established regardless of whether the target
substance is urea or not, the sample solution containing the target substance is not limited to an

aqueous solution, particularly in the case where membrane device 52 is not provided in
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pretreatment unit 50.  Although the continuous quantitation of the target substance has been

described with reference to FIGS. 1 to 3, the present invention is not limited to the continuous
quantitation, but is also applicable to the quantitation of the target substance such as urea in a

batch system.

[0034]

In the analyzing apparatuses described with reference to FIGS. 1 and 2, a reverse osmosis
membrane device is used as membrane device 52. However, membrane device 52 that can be
used in the analyzing apparatus according to the present invention is not limited to the one using
a reverse osmosis membrane device in a narrow sense. In the present invention, a nanofiltration
(NF) membrane can be used as membrane 53 if it can remove interfering substances such as
humic substances and the elimination rate of the target substance such as urea is low. When a
nanofiltration membrane is used as membrane 53, membrane device 52 is configured as a loose
reverse osmosis membrane device. The nanofiltration membrane and the loose reverse osmosis
membrane are also included in the reverse osmosis membrane referred to in the present
invention.

[EXAMPLES]
[0035]

Next, the results of experiments conducted by the inventors to demonstrate the
advantageous effects of the present invention will be described. In the following description,
the value of the salt rejection rate is a value with regard to sodium chloride.

[0036]

[Reference Example 1]

Experiments were conducted to demonstrate that humic substances are interfering
substances for the quantification of urea. Commercially available humic acid manufactured by
Wako Pure Chemical Industries, Ltd. was dissolved in ultrapure water containing no urea under
alkaline conditions to obtain sample water, and the sample water was measured by an FIA type
urea analyzing apparatus which consists of analyzing unit 20 in the analyzing apparatus shown in
FIG. 1. Sample water having a humic acid concentration of 0 was also measured as a blank
sample. The results are given in Table 1. In Table 1, the humic acid concentration indicates
the amount of carbon contained in humic acid in ppb units, and the detected urea concentration
indicates the value detected by the FIA type urea analyzing apparatus as the urea concentration.

[0037]
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[Table 1]
Humic acid concentration | Detected urea concentration
(ppb (as carbon)) (ppb)
0 (brank) 0
140 0.6
920 3.9
2000 10.1
[0038]

Here, the sample water does not contain urea, but if the sample water contains humic acid,
humic acid interferes with the detection of urea, and a detected value as a urine degree is
obtained. From Table 1, it was found that according to the FIA type urea analyzing apparatus,
a peak of humic acid was detected at the same wavelength as that of urea.

[0039]

[Example 1]

In Example 1, it is shown that by passing the sample water through a reverse osmosis
membrane device as a pretreatment, it is possible to remove an interfering substance at the time
of quantification of urea.

[0040]

Of the analyzing apparatus shown in FIG. 1, pretreatment unit 50 and analyzing unit 20
were assembled. However, pretreatment unit 50 was not provided with filter 51. In
membrane device 52, as membrane 53, reverse osmosis membrane TW30-1812, manufactured
by Dow Co., salt rejection rate is 98%, was used. The raw water used in factory A was used as
sample water 1, this sample water 1 was supplied to sampling valve 10 of analyzing unit 20, and
the urea concentration was measured by analyzing unit 20, and then the value thereof was used
as the detected urea concentration. Further, the sample water obtained by passing sample water
1 through pretreatment unit 50 was referred to as RO-treated water, and a part of the RO-treated
water was separated and supplied to sampling valve 10 of analyzing unit 20 to measure the urea
concentration. At this time, in pretreatment unit 50, membrane device 52 was operated under
the condition of the supply pressure of 0.4 MPa, the supply water amount of 0.55 L/min and the
permeated water amount of 0.25 L/min. Here, since a reverse osmosis membrane is used as
membrane 53, membrane device 52 is referred to as a reverse osmosis membrane device. At
this time, the water recovery rate in membrane device 52 is 45%. When an urea standard
solution was prepared in advance so that the urea concentration was 50 ppb, the urea standard

solution was passed through membrane device 52 under the same operating conditions, and then
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urea was quantified by analyzing unit 20, it was found that the elimination rate of urea by
membrane device 52 was 10%.
[0041]

Furthermore, ion exchange resin ESP-2 made by Organo Cooperation in which strongly
acidic cation exchange resin and strongly basic anion exchange resin were mixed in apparent
volume ratio 1:2 in a mixed bed was filled in a container at a volume of 50 mL to form an ion
exchange device. Sample water 1 was passed to the ion exchange device under the condition of
3 L/hour, i.e., SV=60, and the sample water obtained by passing through the ion exchange device
was referred to as the ion exchange treated water. Also for the RO-treated water and the ion
exchange treated water, urea was quantified using analyzing unit 20. The obtained result is
referred to as the detected urea concentration. Apart from the quantification of urea, a total
organic carbon (TOC) concentration was measured for each of sample water 1, RO-treated water,

and ion exchange treated water. The results are shown in Table 2.

[0042]
[Table 2]
Sample water | | RO-treated water | on exchange
treated water
TOC concentration (ppb) 1280 28 97
Detected urea 20 13 14
concentration (ppb)

[0043]
Further, the concentration of humic substances was measured by LC-OCD (Liquid
Chromatography-Organic Carbon Detection) for each of sample water 1, the RO-treated water,

and the ion exchange treated water. The results are shown in Table 3.

[0044]
[Table 3]
Sample water RO-treated Ion exchange
1 water treated water
Humic substance concentration 989 5 10
(ppb (as carbon))
[0045]

From Table 3, it was found that according to membrane device 52 of the present
embodiment, humic substances in sample water 1 can be almost completely removed, and humic

substances can also be almost completely removed by the ion exchange treatment. When the
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results shown in Table 2 are examined based on these facts, it is considered that the detected urea
concentration of 13 ppb in the RO-treated water and the detected urea concentration of 14 ppb in
the ion exchange treated water were directly the urea concentration in sample water 1.

Although the urea concentration in the RO-treated water is lower, considering 10% of the urea
elimination rate in membrane device 52, the value of the urea concentration in the RO-treated
water and the value of the urea concentration in the ion exchange treated water are consistent in
consideration of the urea elimination rate, since 13 [ppb]x1.1=14.3 [ppb]. It was found that
contributions of not only urea but also the humic substances were included in 20 ppb of the
detected urea concentration with respect to sample water 1.

[0046]

[Example 2]

The urea elimination rate when the kind of membrane 53 in membrane device 52 was
changed was determined. As membrane 53 provided in membrane device 52 of the apparatus
of Example 1, reverse osmosis membrane XLE-440, manufactured by Dow Co., salt rejection
rate was 99%, was used. An urea standard solution was prepared so that the urea concentration
was 50 ppb, and the urea elimination rate was determined in the same manner as in Example 1
with the supply pressure of the membrane device 52 of 0.33 MPa, the supply water amount of
1130 L/hour and the permeated water amount of 200 L/hour. At this time, the water recovery
rate in membrane device 52 is 18%. The urea elimination rate was 20%.

[0047]

[Example 3]

As membrane 53 provided in membrane device 52 of the apparatus of Example 1, reverse
osmosis membrane ES20, manufactured by Nitto Denko Co., salt rejection rate was 99.7%, was
used. An urea standard solution was prepared so that the urea concentration was 50 ppb, and
the urea elimination rate was determined in the same manner as in Example 1 with the supply
pressure of membrane device 52 of 0.42 MPa, the supply water amount of 6700 L/hour and the
amount of permeated water of 1000 L/hour. At this time, the water recovery rate in membrane
device 52 is 15%. The urea elimination rate was 34%.

[0048]

From the results of Examples 1 to 3, the higher the salt rejection rate of membrane 53 is,
which is a reverse osmosis membrane, the higher the urea elimination rate becomes. The true
urea concentration in the sample water is known by performing correction based on the urea
elimination rate with respect to the detection result of urea in analyzing unit 20, but when the

urea elimination rate is high, the correction error tends to be large. Therefore, the salt
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elimination rate of membrane 52 is preferably 99.0% or less.
[0049]

[Example 4]

The analyzing apparatus shown in FIG. 3 was assembled. However, the portion from
line 40 to flowmeter FI was not provided, and a configuration in which the sample water was
supplied directly to sampling valve 10 was used. ~Separately, an ion exchange device filled with
ion exchange resinous ESP-1, manufactured by Organo Corporation, was separately provided.
This separately provided ion exchange device replaces ion exchange device 54 in the analyzing
apparatus shown in FIG. 3. Ion exchange resin ESP-1 is a mixed bed ion exchange resin in
which a strongly acidic cation exchange resin and a strongly basic anion exchange resin are
mixed in a volume ratio of 1:1. In this example, Reagent A (acetic acid solution of diacetyl
monoxime) was prepared by dissolving 2 g of diacetyl monoxime in 100 mL of 10% acetic acid,
and Reagent B (antipyrine-containing reagent solution) was prepared by taking 0.2 g of
antipyrine and dissolving it in 9 mol/L sulfuric acid to set the total volume to 100 mL. These
reagents were stored in reservoirs 41, 42, respectively, immediately after the preparation, and the
respective reagents were continuously supplied from reservoirs 41, 42 toward pipe 24.

[0050]

The raw water of the ultrapure water producing apparatus in semiconductor factory B
containing urea and other impurities was used as sample water A. Water obtained by passing
sample water A through the above ion exchange device so that SV=10 (L/L-h), that is, the flow
rate per hour becomes 10 times the volume of the ion exchange resin, is called ion exchange
treated water. Water obtained by further performing urea decomposition treatment on the ion
exchange treated water is called urea decomposition treated water. Sample water A, the ion
exchange treated water, and the urea decomposition treated water were used as the sample waters
in Example 4. The urea decomposition process was performed by adding 6 ppm of
hypobromite as a urea decomposition agent to the ion exchange treated water and reacting the
water at a reaction temperature of 25 °C for a reaction time of 24 hours. The urea concentration
in each of these sample waters was measured using the assembled analyzing apparatus. In
measuring the urea concentration, a standard solution of urea was supplied to the analyzing
apparatus in advance, absorbance was measured by detector 32 to prepare a calibration curve,
and the result of absorbance measurement for each sample water was applied to the calibration
curve to determine the urea concentration. The results are shown in Table 4.

[0051]
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[Table 4]
Sample | Ion exchange | Urea decomposition
water A | treated water treated water
Urea concentration (ppb) 7.7 5.0 <1
[0052]

[Reference Example 2]

In order to examine the decomposition rate of urea in the urea decomposition process by
hypobromite, urea was added to pure water containing no urea to obtain simulated water so that
the concentration was 10 ppb, and further, ion exchange treated water and urea decomposition
treated water were produced from the simulated water in the same manner as in Example 4.
The urea concentrations were measured for the simulated water, the ion exchange treated water
and the urea decomposition treated water in the same manner as in Example 4. The results are

shown in Table 5.

[0053]
[Table 5]
Simulated | Ion exchange | Urea decomposition
water treated water | process treated water
Urea concentration (ppb) 10 10 <1
[0054]

Since the measurement results of the urea concentration in the simulated water containing
only urea and the ion exchange treated water agreed, it was found that urea was not removed at
all by the process with the ion exchange resin. From the results of the urea decomposition
treated water, it was found that urea can be removed by the decomposition treatment of urea
using hypobromous acid until the urea concentration is less than 1 ppb, that is, until the urea
concentration is below the detection limit.

[0055]

[Comparative Example 1]

To sample water A in Example 4, 6 ppm of hypobromite as a urea decomposing agent
was added, and the reaction was carried out at a reaction temperature of 25 °C for a reaction time
of 24 hours to carry out urea decomposition process, and then the urea concentration was
measured under the same conditions as in Example 4. The urea concentration after the urea
decomposition treatment was measured as 2.5 ppb.

[0056]

According to the results of Example 4, Reference Example 2, and Comparative Example
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1, it is considered that the difference between the urea concentration detected for sample water A
and the urea concentration detected for the ion exchange treated water in Example 4 is due to the
contribution of some interfering substance having absorption in the vicinity of a wavelength of
460 nm and interfering with the quantification of urea by absorbance measurement. This is
supported by the fact that the urea concentration can be reduced to below the detection lower
limit by the urea decomposition process as shown in Reference Example 2, and that the result of
Comparative Example 1 is equal to the difference between the detection results of the urea
concentrations in sample water A and the ion exchange treated water in Example 4 within the
measurement error range while the result of Comparative Example 1 is considered to indicate the
detection result only by the components, i.e., the interfering substances, other than urea. Thus,
from the results of Example 4, it was found that the interfering substances which interfere with
the absorbance measurement for the quantification of urea were removed by treatment with the
ion exchange resin, whereby the urea concentration measured for the ion exchange treated water
was representative of the actual urea concentration for sample water A.

[0057]

[Example 5]

As the ion exchange device in the apparatus used in Example 4, three types of devices
were prepared, a device in which strongly basic anion exchange resin Amberjet® 40020H,
manufactured by Organo Corporation, was filled alone, i.e., in a single bed, a device in which
strongly acidic cation exchange resin Amberjet® 1024H, manufactured by Organo Corporation,
was filled alone, and a device in which mixed bed resin ESP-1, manufactured by Organo
Corporation, mixed with a strongly acidic cation exchange resin and a strongly basic anion
exchange resin was filled. Sample water B was used as the sample water. Sample water B
was raw water of an ultrapure water producing apparatus in a semiconductor factory, but is
different from sample water A. The water obtained by passing sample water B through the
anion exchange resin is called anion exchange treated water, the water obtained by passing
sample water B through the cation exchange resin is called cation exchange treated water, and
the water obtained by passing sample water B through the mixed bed resin is called mixed bed
resin treated water. The urea concentration of each of sample water B, the anion exchange
treated water, the cation exchange treated water, and the mixed bed resin treated water was
measured in the same manner as in Example 4. The flow rate to the ion exchange device was
set to SV=10 (L/L-h). The results are shown in Table 6.

[0058]
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[Table 6]
Sample | Anion exchange | Cation exchange | Mixed bed resin
water B treated water treated water treated water
Urea concentration 9.3 53 74 53

(ppb)

[0059]

It was also found from Example 5 that by using the treatment with the ion exchange resin,
it was possible to remove the interfering substance having absorption in the vicinity of a
wavelength of 460 nm and interfering with the determination of urea by absorbance
measurement. When a strongly basic cation exchange resin is used as the ion exchange resin, it
tends to be more susceptible to interfering substances than when a strongly acidic anion
exchange resin or a mixed bed resin is used, and it has been found that it is preferable to use a
resin containing at least an anion exchange resin as the ion exchange resin when the sample
water is treated with ion exchange resin.
[0060]

[Example 6]

The effect of refrigerating Reagents A and B was examined. In the analyzing apparatus
shown in FIG. 1, the portion of analyzing unit 20 was assembled so that a standard solution
prepared to have a urea concentration of 60 ppb could be continuously supplied to the sampling
valve 10 as the sample water. The urea concentration of this standard solution was
continuously monitored. Here, it was examined how the urea concentration obtained as the
measurement value of the detection peak of the absorbance in detector 32 changes when the
standard solution was continuously measured. In Example 6, Reagent A (acetic acid solution of
diacetyl monoxime) was prepared by dissolving 2 g of diacetyl monoxime in 100 mL of 10%
acetic acid, and Reagent B (antipyrine-containing reagent solution) was prepared by taking 0.2 g
of antipyrine and dissolving it in 9 mol/L sulfuric acid to set the total volume to 100 mL. These
reagents were stored in reservoirs 41, 42, respectively, immediately after the preparation, and the
reagents were continuously supplied from reservoirs 41, 42 toward pipe 24.  After each reagent
was injected into reservoirs 41, 42 at the beginning of the continuous measurement, the reagent
was not replenished during the continuous measurement. Reservoir 41 for Reagent A was
maintained at ordinary temperature. Regarding Reagent B, two experiments were conducted in
which the storage temperature after the preparation was set to 10 °C and 25 °C. The change in
the urea concentration was confirmed by the peak intensity of the absorbance at a wavelength of

460 nm. The results are shown in FIG. 4. FIG. 4 shows how the measured values when the
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same standard solution was measured changed as a passage of time, assuming that the peak
intensity when the urea standard solution of 60 ppb was measured was 100% immediately after
Reagent A and Reagent B were prepared and stored in reservoirs 41, 42, respectively.

[0061]

As shown in FIG. 4, when the antipyrine-containing reagent solution (Reagent B) was
maintained at 25 °C, the peak intensity gradually decreased, and the peak intensity decreased to
72% during 10 days of operation for continuous measurement. That is, the quantification of
urea cannot be stably performed. On the other hand, when the antipyrine-containing reagent
solution was refrigerated and kept at 10 °C, the peak intensity did not decrease even after
continuous operation for 10 days, and it was found that continuous quantification of urea could
be performed stably over a long period of time.

[0062]

[Example 7]

Reagent B (antipyrine-containing reagent solution) was prepared in the same manner as
in Example 6, and stored at 5 °C, 10 °C, 15 °C, 20 °C, and 25 °C for 10 days. After this storage,
Reagent B was supplied to the apparatus of Example 6. Immediately after Reagent B was
supplied to the apparatus, a standard solution having a urea concentration of 60 ppb was
measured using this apparatus, and the peak intensity thereof was determined. In this case, the
peak intensity when the standard solution was measured immediately after the preparation of
Reagent B was set to 100%. With regard to Reagent A (acetic acid solution of diacetyl
monoxime), the reagent was prepared in the same manner as in Example 6, and then stored at

ordinary temperature. The results are shown in Table 7.

[0063]

[Table 7]

Storage Temperature of Reagent (°C) | Peak Intensity (%)
5 98
10 99
15 89
20 80
25 72

[0064]
As shown in Table 7, the peak intensity hardly decreased when the storage temperature

was 5 °C or 10 °C, and the peak intensity decreased by about 10% when the storage temperature
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was 15 °C.  When stored at 20 °C, the peak intensity of about 20% was decreased, and at 25 °C,
the peak intensity was reduced by approximately 30% of that. From these, it was found that, in
order to continuously measure a trace amount of urea concentration, at least
antipyrine-containing reagent solution of the acetic acid solution of diacetyl monoxime and the
antipyrine-containing reagent solution which are reagents used in the reaction should be
refrigerated. In that case, it was found that it is preferable to maintain the temperature of the
antipyrine-containing reagent solution at 20 °C or less, further preferably maintained at 3 °C or
higher and 20 °C or less, more preferably maintained at 5 °C or higher and 15 °C or less.

[0065]

[Example 8]

The same experiment as Example 7 was performed except that Reagent A (acetic acid
solution of diacetyl monoxime) of Example 7 was stored at the same storage temperature as
Reagent B (antipyrine-containing reagent solution) of Example 7. When both Reagent A and
Reagent B were refrigerated and measurement was performed, results similar to those shown in
Table 7 (i.e., the results obtained by refrigerating only Reagent B) were obtained.

[Reference Signs List]
10 Sampling valve;
11 Sample loop;
20 Analyzing unit:

31 Reaction coil;
32 Detector;
33 Back pressure coil;

40 Refrigerator;
41,42 Reservoirs;

43,44 Mixing portions;

50 Pretreatment unit;
51 Filter;
52 Membrane device;

53 Membrane;
54 Ion exchange device (IER).
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CLAIMS

1. An analyzing method of quantifying urea in a sample solution, the method comprising:

a pretreatment step of pretreating a sample solution with at least one of a membrane
device including a reverse osmosis membrane and an ion exchange device including an ion
exchanger; and

an analyzing step of quantifying urea in the pretreated sample solution.

2. The analyzing method as claimed in claim 1, wherein an elimination rate of urea in the

membrane device is 20% or less.

3. The analyzing method as claimed in claim 1 or 2, wherein a salt rejection rate of the

reverse osmosis membrane is 99.0% or less with respect to sodium chloride.

4. The analyzing method as claimed in any one of claims 1 to 3, wherein a filtering process

is performed on the sample solution in the pretreatment step.

5. The analyzing method as claimed in any one of claims 1 to 4, wherein the ion exchanger
comprises at least one of a granular anion exchange resin, a monolithic anion exchange resin,

and an anion exchange fiber.

6. The analyzing method as claimed in claim 5, wherein in the pretreatment step, the sample
solution is passed through the ion exchange device provided in a preceding stage or a following

stage of the membrane device.

7. The method as claimed in any one of claims 1 to 6, wherein a ratio of urea in the sample
solution to be removed in the membrane device is obtained in advance, and a quantitative value

of urea obtained in the analyzing step is corrected by the ratio.

8. The analyzing method as claimed in any one of claims 1 to 7, wherein the analyzing step
is a step of performing quantification of urea by flow injection analysis based on a colorimetric
method using diacetyl monoxime, and the analyzing step comprises steps of:

injecting a certain amount of the sample solution subjected to the pretreatment step into a

carrier solution being fed to a reaction coil;
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adding one or more reagents to the carrier solution into which the sample solution has
been injected to react with urea in the reaction coil; and
performing quantification of urea by measuring absorbance of liquid discharged from the

reaction coil.

9. The analyzing method as claimed in claim 8, wherein the one or more reagents are a

diacetyl monoxime-containing reagent and an antipyrine-containing reagent.

10. The analyzing method as claimed in claim 8 or 9, wherein at least one of said reagents is

refrigerated after said one or more reagents are prepared.

11. An analyzing apparatus for quantifying urea in a sample solution, the analyzing apparatus
comprising:

pretreatment means for pretreating a sample solution; and

analyzing means for quantifying urea in the pretreated sample solution,

wherein the pretreatment means comprises at least one of a membrane device including a

reverse osmosis membrane and an ion exchange device including an ion exchanger.

12. The analyzing apparatus as claimed in claim 11, wherein an elimination rate of urea in

the membrane device is 20% or less.

13. The analyzing apparatus as claimed in claim 11 or 12, wherein a salt rejection rate of the

reverse osmosis membrane is 99.0% or less with respect to sodium chloride.

14. The analyzing apparatus as claimed in any one of claims 11 to 13, wherein the ion
exchanger comprises at least one of a granular anion exchange resin, a monolithic anion

exchange resin, and an anion exchange fiber.

15. The analyzing apparatus as claimed in claim 14, wherein in the pretreatment means, the
ion exchange device is provided in a preceding stage or a following stage of the membrane

device, and the sample solution is passed through the ion exchange device.

16. The analyzing apparatus as claimed in any one of claims 11 to 15, further comprising a

filter through which the sample solution passes in the pretreatment device.
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17. The analyzing apparatus as claimed in claims 11 to 16, wherein the analyzing means is a
flow injection analyzer for quantifying urea in the sample solution by a colorimetric method
using diacetyl monoxime, and the analyzing means comprises:

a reaction coil to which a carrier solution is continuously supplied;

a sampling valve for injecting a certain amount of the sample solution that has passed
through the pretreatment device into the carrier solution supplied to the reaction coil;

adding means for adding one or more reagents to the carrier solution to which the sample
solution has been injected at a position between the sampling valve and the reaction coil; and

a detector for measuring absorbance of liquid discharged from the reaction coil, and

wherein the target substance and the one or more reagents are reacted in the reaction coil.

18. The analyzing apparatus as claimed in claim 17, wherein the one or more reagents are a

diacetyl monoxime-containing reagent and an antipyrine-containing reagent.

19. The analyzing apparatus as claimed in claim 17 or 18, comprising:
a reservoir for storing at least one of the reagents that have been prepared, and

cooling means for cooling the reservoir.



