DESCRIPTION

Title of Invention

METHOD FOR MEASURING CONCENTRATION OF DISSOLVED B5TANCE

Technical Field

[0001] The present invention relates to a method fo r measuring
concentration of a dissolved substance which measur es the
concentration of the dissolved substance in a sampl e based on

absorbance of a light.

Background Art

[0002] There are many cases wherein the concentrati on of the
dissolved substance dissolved in a liquid is measur ed using
absorptiometry.

In the absorptiometry, for example, after the samp le
including a specific dissolved substance is housed inside a
transparent measuring cell, a reagent is added to t he sample to
make a measured solution in which a color is develo ped
according to the concentration of the specific diss olved
substance. Next, a light having a specific wavelen gth emitted
from a light emitting device is transmitted to the measured
solution, and one portion of the light is absorbed in the
measured solution, and then, the transmitted light is received
by a light receiving device, and a strength of the transmitted
light at that time is measured. Next, a value of t he
absorbance is calculated from the strength of the t ransmitted
light measured at that time and another measured st rength of a
transmitted light of, for example, a light having a specific
wavelength relative to a transparent solution. The n, the
concentration of the dissolved substance in the sam ple is
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calculated using the value of the absorbance, and a

curve created beforehand with respect to the dissol

substance, i.e., a diagram showing a relation betwe

of the absorbance and a value of the concentration

dissolved substance.

[0003] On the other hand, a light including a visib
region is transmitted to the measured solution, and
transmitted light thereof, the light of the visible
region is divided into nearly three portions to obt
region component light, a green region component li
blue region component light, and a value of an abso
respect to any of the aforementioned region compone
or a plurality of region component lights of a comb
the aforementioned region component lights, are cal
measure the concentration of the specific dissolved

in the sample as well (Patent Document 1).

Citation List

Patent Document

[0004] Patent Document 1. Japanese Unexamined

Application Publication No. 2010-181150

Summary of Invention

Problems to be Solved by Invention

[0005] When the concentration of the dissolved subs
sample is measured using the absorptiometry, howeve
a case wherein the reagent is not added in a necess

to the sample due to a breakdown of a reagent pump,
of a supply channel of the reagent, a deviation of
tube of the reagent, depletion of the reagent, or t
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This frequently occurs in a case wherein the concen

the dissolved substance in the sample is automatica

[0006] In such a case, regardless of the presence o
dissolved substance which becomes a detection objec
sample, there can occur a problem wherein the conce

the dissolved substance is not detected at all, or
concentration of the dissolved substance is detecte

value matching a quantity of the reagent which is |
concentration of an actual dissolved substance so t
concentration of the dissolved substance in the sam
measured. Also, this problem can occur evenin a c

the concentration of the dissolved substance is mea

the three region component lights of red, green, an

[0007] In view of the above-mentioned problems, an
the present invention is to provide a method for me
concentration of a dissolved substance which can ju

or not the reagent in the necessary quantity for a

is added to the sample when the concentration of th
substance in the sample is measured using the absor

three region component lights of red, green, and bl

Solution to Problem

[0008] The first invention of the present invention

reagent preparation step of making a reagent includ
coloring agent by adding the coloring agent, which
measured solution to develop a color transmitting a
component light for a dissolved-substance concentra
measurement selected from any of a red region compo

a green region component light, or a blue region co

light obtained by transmitting a light including a
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light region to the measured solution colored by ad

reagent to a sample, and dividing a light in the vi

region within a transmitted light thereof into roug
portions, or selected from a plurality of the regio

lights of a combination of the red, green, and blue
component lights, without being absorbed, to the re
concentration measurement step of measuring concent
specific dissolved substance in the sample by calcu
absorbance of the region component light for the di
substance concentration measurement based on the tr
light from the measured solution to which the reage

a coloring agent is added; and a judgement step of

a judgement whether or not the reagent is added in
quantity by calculating an absorbance of another re
component light other than the region component lig
dissolved-substance concentration measurement based
transmitted light from the measured solution to whi
reagent including the coloring agent is added to de
value of an absorbance of another region component
resulted only from the coloring agent, and by compa
value of the absorbance with a value of a standard

[0009] In the present invention, in a case wherein

solution colored by the dissolved substance absorbs
example, all of three region component lights, amon

region component lights, the region component light
linear relation between the value of the absorbance

of the concentration of the dissolved substance is

the region component light for the dissolved-substa

concentration measurement. Also, any coloring agen
used provided that the measured solution colored by
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coloring agent transmits the region component light for the

dissolved-substance concentration measurement witho ut being
absorbed. For example, for the coloring agent, the re can be
used the coloring agent allowing the measured solut ion to
develop the same color as the region component ligh t for the
dissolved-substance concentration measurement. The measured
solution colored by the coloring agent transmits th e region
component light for the dissolved-substance concent ration
measurement without being absorbed, so that the con centration
of the specific dissolved substance in the sample ¢ an be easily
obtained from a calibration curve created beforehan d using the
value of the absorbance of the region component lig ht for the

dissolved-substance concentration measurement.

[0010] Also, among the three region component light s, if the
region component light for the dissolved-substance

concentration measurement is, for example, the gree n region
component light, the region component lights other than the
green region component light, i.e., any one of eith er the red
region component light or the blue region component light, for
example, the red region component light transmits t hrough the
measured solution so as to show a value A3 of the a bsorbance
resulted only from the coloring agent, or show a va lue Al of
the absorbance resulted from the coloring agent and the
specific dissolved substance. In a case wherein th e red region
component light shows the absorbance resulted from the coloring
agent and the specific dissolved substance, the con centration
of the specific dissolved substance is known, so th at a value
A2 of the absorbance of the red region component li ght resulted
only from the concentration of the specific dissolv ed substance
is easily calculated from the calibration curve cre ated
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beforehand. Therefore, in that case, the value A3
absorbance of the red region component light result

the coloring agent is calculated using a formula of

of the
ed only from

A3 = Al —

A2. The value A3 of the absorbance becomes a value

corresponding to a quantity of the reagent added to

so that in a case wherein the value A3 of the absor

smaller than a value AO of the standard absorbance,

guantity of the reagent added to the sample is judg
insufficient. Incidentally, the value of the stand
absorbance represents the value of the absorbance o
component light resulted only from the coloring age
wherein the reagent in only the exactly necessary q
added to the sample.

[0011] As for a second invention of the present inv
the case of the first invention, in a case wherein

the reagents are added to the sample, in the
preparation step, a first coloring agent, allowing

solution to develop a color transmitting the region
light for the dissolved-substance concentration mea

one of the remaining region component lights among
region component lights without being absorbed, is

of the reagents to make a reagent including the fir
agent. Also, a second coloring agent, allowing the
solution to develop a color transmitting the region
light for the dissolved-substance concentration mea

the other of the remaining region component lights
being absorbed, is added to the other of the reagen
reagent including the second coloring agent.

[0012] The coloring agent transmitting two region c
lights, for example, the red region component light
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green region component light without being absorbed
coloring agent provided that the coloring agent all
measured solution to develop the same color as a co
color light of the blue region component light. Si

coloring agent transmitting the red region componen

the blue region component light without being absor
any coloring agent provided that the coloring agent
measured solution to develop the same color as a co
color light of the green region component light, an
coloring agent transmitting the green region compon
and the blue region component light without being a

be any coloring agent provided that the coloring ag

the measured solution to develop the same color as
complementary color light of the red region compone
[0013] Therefore, as for the region component light
dissolved-substance concentration measurement, for

a case wherein the red region component light is us

first coloring agent, for example, the coloring age

the measured solution to develop the same color as
complementary color light of the green region compo

is used, and for the second coloring agent, the col
allowing the measured solution to develop the same
complementary color light of the blue region compon

used. The red region component light is not absorb
measured solution in which only the first coloring

the second coloring agent have developed a color, s
concentration of the specific dissolved substance i

can be easily obtained from the calibration curve c
beforehand using the value of the absorbance of the

component light.
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[0014] Also, the green region component light is no

into the measured solution in which only the second
agent has developed a color so as to show a value B
absorbance resulted only from the first coloring ag

a value B1 of the absorbance resulted from the firs

agent and the specific dissolved substance. Also,

region component light is not absorbed into the mea
solution in which only the first coloring agent has

color so as to show a value C3 of the absorbance re

from the second coloring agent, or show a value C1
absorbance resulted from the second coloring agent
specific dissolved substance. In a case wherein th
region component light and the blue region componen

the absorbance resulted from the coloring agent and
specific dissolved substance, values (B2 and C2) of
absorbances of the green region component light and
region component light resulted only from the speci
dissolved substance can be read from the -calibratio
created beforehand respectively. Therefore, the va

the absorbance of the green region component light
only from the first coloring agent is calculated us
formula of B3 = B1 — B2, and the value C3 of the ab

the blue region component light resulted only from

coloring agent is calculated using a formula of C3

Then, in a case wherein the values (B3 and C3) of t
absorbances are smaller than values (BO and CO) of
absorbance determined with respect to each of the f

and the second reagent, an addition quantity of eac

added to the sample is judged as being insufficient
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[0015] As for a third invention of the present inve
the case of the first invention, in a case wherein
solution develops a color in such a way as to chang
with a change in the concentration of the specific
substance, and two of the region component lights a
the region component light for the dissolved-substa
concentration measurement, in the reagent preparati

coloring agent, allowing the measured solution to d

color transmitting the two of the region component
without being absorbed, is added to the reagent to
reagent including a coloring agent.

[0016] In the invention, in a case wherein two reag
component lights for the dissolved-substance concen
measurement are, for example, the blue region compo

and the green region component light, there is used

agent allowing the measured solution to develop the

as the complementary color of the region component

than the blue region component light and the green
component light, i.e., the red region component lig

region component lights for the
concentration measurement are unaffected by the col

in the measured solution, so that the concentration
specific dissolved substance is calculated by the v
absorbances of the two region component lights for
dissolved-substance concentration measurement. Als
remaining red region component light shows a value
absorbance resulted only from the coloring agent, o

the absorbance resulted from the coloring agent and
specific dissolved substance. Even in a case where

region component light shows the value of the absor
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resulted from the coloring agent and the specific d

substance, the value of the absorbance resulted onl

coloring agent can be easily calculated.
propriety of the addition quantity of the reagent a

sample can be easily judged based on the value of t

Therefore

absorbance resulted only from the coloring agent of

region component light.

[0017] As for a fourth invention of the present inv

the case of any of the first to third inventions, i

which the reagent is judged as not having being add

necessary quantity, while carrying out a re-additio

reagent

including

a coloring

agent,

the

concentrati

measurement step and the judgement step are repeate

[0018] As for a fifth invention of the present inve

the case of the fourth invention, in a case wherein

is judged as not having being added in the necessar

even when a specific time has passed after the reag

judged as not having being added in the necessary q

warning is issued to stop a measurement in the judg

[0019] As for a sixth invention of the present inve

the case of any of the first to third inventions, i

wherein the reagent is judged as not having being a

necessary quantity,

the warning

measurement in the judgement step.

Advantageous Effects of Invention

is

issued

to stop

[0020] According to the aforementioned inventions,

three region component lights, the coloring agent,

measured solution to develop a color transmitting t

component

light

for

the dissolved-substance concent
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measurement without being absorbed, is added to the

that the concentration of the specific dissolved su

the sample can be measured by the absorbance of the
component light for the dissolved-substance concent
measurement, and whether or not the reagent is adde
necessary quantity can be judged by the absorbances
other region component lights as well. Therefore,
invention, regardless of the addition quantity of t

a concentration measurement of the dissolved substa

always carried out properly.

Brief Description of Drawings

[0021] Fig. 1 is a drawing showing a concentration
apparatus for carrying out a method for measuring ¢
of a dissolved substance according to the first emb
the present invention.

Fig. 2 is an electric wiring diagram inside a ligh
receiving/emitting portion.

Figs. 3(a) and 3(b) are charts showing values
concentration of WELLCLEAN and an absorbance of eac
component light in a case wherein a measured soluti
using an ordinary reagent, wherein Fig. 3(a) shows
with a table, and Fig. 3(b) shows the above with a

Figs. 4(a) and 4(b) are flowcharts for explaining
method for measuring concentration of a dissolved s
according to the first embodiment, wherein Fig. 4(a
reagent preparation step, and Fig. 4(b) explains on
a concentration measurement step, and a judgement s

Fig. 5 is a chart showing a color circle of a visi
light for explaining a coloring agent.
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Figs. 6(a), 6(b), and 6(c) are tables showing valu
the concentration of the WELLCLEAN, the absorbance
region component light, and the like in a case wher
measured solution is made by adding a reagent inclu
coloring agent to a sample solution, wherein Fig. 6
case wherein 0.2 mL of the reagent including a colo
is added, Fig. 6(b) is a case wherein 0.1 mL of the
including a coloring agent is added, and Fig. 6(c)
wherein 0.05 mL of the reagent including a coloring
added.

Fig. 7 is a table showing values of the absorbance
region component light and the like relative to an
qguantity of the reagent including a coloring agent
wherein the measured solution is made by adding the
including a coloring agent to a sample solution wit
dissolved substance.

Fig. 8 is a graph showing a relation between the a
guantity of the reagent including a coloring agent
of values of absorbances of a red region component
green region component light resulted only from the

agent shown in Fig. 7.

Fig. 9 is a drawing showing another concentration

measuring apparatus for carrying out the method for
concentration of a dissolved substance according to
third embodiments of the present invention.

Figs. 10(a) and 10(b) are tables showing the value
absorbance of the red region component light and th
the absorbance of the green region component light
the concentration of the dissolved substance in a c
an emitting light color of the measured solution ch
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concentration of the dissolved substance, wherein F
shows the above with a graph, and Fig. 10(b) shows

with a table.
Best Modes of Carrying out Invention
[0022] Hereinafter, embodiments of the present inve

be explained with reference to the drawings.

[Concentration Measuring Apparatus]

Fig. 1 shows a concentration measuring apparatus f

carrying out the present invention.
A concentration measuring apparatus

measures concentration of a dissolved substance suc

dissolved oxygen, phosphoric acid, alkalinity compo

hardness component, or silica, which dissolves in,

industrial water, domestic water, and the like, usi

absorbance of a light.

[0023] As shown in Fig. 1, the concentration measur

apparatus 1 includes a measuring cell 2 in which a

measured solution S2 or a colorless preparing solut

stored internally; a light receiving/emitting porti

attached to one lateral face of the measuring cell

a light to a measuring cell 2 side, and receiving a

transmitted light from the measuring cell 2; a samp

line 4 supplying a sample solution S1 or the prepar

SO including a specific dissolved substance to the

cell 2; a reagent supply line 5 adding a reagent TO

sample solution S1 inside the measuring cell 2 so t

sample solution S1 becomes the colored measured sol

the specific dissolved substance; a solution discha
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for discharging the measured solution S2 and the pr eparing
solution SO from the measuring cell 2; a computing processing

apparatus 7 carrying out an input from the light

receiving/emitting portion 3 and an output to the | ight
receiving/emitting portion 3; an output apparatus 8 outputting
a processed result by the computing processing appa ratus 7; and
a control apparatus 9 controlling equipment inside the sample
supply line 4 and the reagent supply line 5. Incid entally, the
sample solution S1 is colorless and transparent so as to be

used as the preparing solution SO as well.

[0024] As shown in Fig. 1, the measuring cell 2 has a box shape
with a volume of 2.5 mL, and a left-lateral face po rtion is
formed by a white reflection plate 21, and an acryl ic
transparent portion 22 is formed at a center portio n of a
right-lateral face portion facing the reflection pl ate 21. In
the measuring cell 2, inner faces of a front face p ortion, a
rear face portion, an upper face portion, and a low er face
portion are all formed by a black plate material. The sample
supply line 4 is connected to the lower face portio n, the
solution discharge line 6 is connected to the upper face
portion, and the reagent supply line 5 is connected to the

left-lateral face portion.

[0025] The light receiving/emitting portion 3 inclu des a light
emitting device 31, a light receiving device 32, a wiring board
(not shown in the drawings), and the like inside a casing where
an opening is provided on the measuring cell 2 side . The light
emitting device 31 emits a light into the measuring cell 2, and
transmits the light into the measured solution S2 o r into the
preparing solution SO. In the light emitting devic e 31, there
is used a light source such as, for example, a ligh t-emitting

14



diode (LED) emitting a light (a white light) includ
visible light region.

[0026] The light receiving device 32 receives a tra
light L from the measured solution S2 or the prepar

SO in lights emitted from the light emitting device
measures the strength of the lights with respect to
transmitted light L. The light receiving device 32

three photodiodes, and three color filters F, i.e.,

a G filter, and a B filter respectively transmittin

region component light, a green region component li
blue region component light obtained by dividing a
range of a light in the visible light region into r

[0027] Namely, in the light receiving device 32, th

an RGB color sensor including a photodiode D1 havin
filter, a photodiode D2 having the G filter, and a

D3 having the B filter (see Fig. 2). The light rec
device 32 simultaneously measures the strengths of
respective lights of the red region component light

region component light, and the blue region compone
(hereinafter referred to as three region component
transmitted through each filter within the transmit
transmitted through the measured solution S2. Inci
the R filter transmits a red light the most within
region component light, and the G filter transmits
light the most within the green region component li

B filter transmits a blue light the most within the
component light.

[0028] Also, as shown in Fig. 1, the light receivin

is disposed on the same side as the light emitting
relative to the measuring cell 2. Also, the transm
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L in the measured solution S2 emitted from the ligh
device 31 is reflected by the reflection plate 21 f

light emitting device 31 by sandwiching the measure

S2, and transmits through the measured solution S2
Therefore, the Ilight receiving device 32 receives
transmitted light L reflected by the reflection pla

that case, the light emitting device 31 faces so th
optical axis K1 forms
the reflection plate 21, and the light receiving de

faces so that an optical axis K2 is orthogonal to t
reflection plate 21. Also, the light emitting devi

the light receiving device 32 are positioned so tha
intersection point P of the optical axis K1 of the
emitting device 31 and the reflection plate 21, and
intersection point of the optical axis K2 of the i
receiving device 32 and the reflection plate 21 app
correspond.  Consequently, a primary light from the
emitting device 31 reflected by the reflection plat

not reach the light receiving device 32, and the i
receiving device 32 receives one portion of a refle

by a peripheral light around the primary light from

emitting device 31, or one portion of a light diffu

reflection plate 21, or both of those.

[0029] Fig. 2 shows a circuit diagram inside the i
receiving/emitting portion 3. In the drawing, the

symbol D1 represents the photodiode having the R fi
reference symbol D2 represents the photodiode havin
filter; and the reference symbol D3 represents the

having the B filter. The aforementioned photodiode
integrated to form the light receiving device 32.
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drawing, the reference symbol H represents the ligh
diode (LED) which becomes the light emitting device
reference symbols C1, C2, and C3 represent main cir
the respective photodiodes D1, D2, and D3; and the
symbols 01, 02, and O3 represent Op-Amps
amplifiers) for the respective photodiodes D1, D2,
signal of a transmitted light strength of each regi

light output from the light receiving device 32 is

to the computing processing apparatus 7 through the
02, and O3.

[0030] As shown in Fig. 1, the sample supply line 4

by a sample pump 41; a film filter 42; an electroma

43; a main piping 44; and a return piping 45, and s
sample solution S1 sampled at a specific portion
measuring cell 2. The sample pump 41 constantly op
continues to supply the sample solution S1 to the m
cell 2 side through the main piping 44. While a me
performed at the measuring cell 2 side, the electro
valve 43 is closed, and the whole quantity of the

solution S1 before being filtered at the film filte

discharged to a return piping 45 side. When

electromagnetic valve 43 is opened, the sample solu
filtered at the film filter 42, and after the sampl

S1 is supplied to the measuring cell 2, the sample

is discharged from a solution discharge line 6 side

when the electromagnetic valve 43 is closed after a
period of time, a fixed quantity of the filtered sa
solution S1 is stored inside the measuring
Incidentally, the electromagnetic valve 43 is opene
while the filtered sample solution S1 is being supp
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measuring cell 2 side, a brine (a concentrated wate
remaining portion of the sample solution S1 is disc

the return piping 45 side as a return solution.

[0031] The reagent supply line 5 is formed by a rea
51; a reagent bottle 52; and a piping 53, and suppl
specific quantity of the reagent TO inside the reag

52 to the measuring cell 2 by operating the reagent
only for a specific time. In that case, the reagen

the reagent supply line 5 is supplied in such a way

so that the sample solution S1 and the reagent TO a

sufficiently stirred inside the measuring cell 2.

inside the measuring cell 2, the measured solution
according to the concentration of the specific diss
substance is made after a certain period of time by
reagent TO.

[0032] The solution discharge line 6 discharges the
solution S2 or the preparing solution SO (hereinaft

referred to as a waste solution S3), wherein the me
completed inside the measuring cell 2, outside the

cell 2. The waste solution S3 is discharged from t

cell 2 by supplying the sample solution S1 or the p
solution SO from the sample supply line 4 for a cer

of time.

[0033] The computing processing apparatus 7 is a co
operating according to a program, and includes a co
portion 71 and a memory portion 72.

[0034] The computing portion 71 calculates a time a
strength with respect to each of the region compone
based on, for example, each strength signal of the
component lights output from the light receiving de
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Also, the computing portion 71 calculates absorbanc
respect to the three region component lights using,

the transmitted light strength wherein one portion

is absorbed, and the transmitted light strength whe

light is not absorbed, and calculates the concentra

dissolved substance which is measured from a value

the absorbances with respect to the three region co
lights.  Furthermore, the computing portion 71 incl
function of, for example, allowing the light emitti

to emit a light in a timely manner by receiving a s
preparation completion from the control apparatus 9
function of sending signals of a measurement start,
measurement completion, and a measurement stop to t
apparatus 9. The memory portion 72 stores, for exa
calibration curve showing a relation between the ab

the concentration of the dissolved substance with r
required region component light at each kind of dis
substance. Incidentally, the computing portion 71
additionally have the later-described other functio

[0035] The output apparatus 8 displays the concentr
specific dissolved substance and the like in the sa
solution S1 calculated at the computing processing

on a display.

[0036] The control apparatus 9 performs an opening/
control of the electromagnetic valve 43 of the samp

line 4, and includes a function of discharging the
solution S3 inside the measuring cell 2 by the samp

S1, and storing the sample solution S1 inside the m
cell 2. Also, the control apparatus 9 includes fun
performing an ON/OFF control of the reagent pump 51
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reagent supply line 5, supplying the specific quant
reagent TO to the sample solution S1 inside the mea
2, and changing the sample solution S1 to the measu
S2. In that case, the control apparatus 9 discharg
solution S3 inside the measuring cell 2 by receivin
of the measurement completion from the computing pr
apparatus 7, and supplies the reagent TO to the mea
2, and after a certain period of time, i.e., after
solution S2 sufficiently colored by the reagent TO
control apparatus 9 transmits the signal of the pre
completion to the computing processing apparatus 7.
[0037] Next, a procedure of measuring the concentra
specific dissolved substance inside the sample solu
using the concentration measuring apparatus 1 will

First, in a state wherein the electromagnetic valv
the sample supply line 4 is closed, the sample pump
operated. Thereby, the sample solution S1 supplied
measuring cell 2 side from the main piping 44 is di
only from the return piping 45 side without being f
After a certain period of time, the electromagnetic
opened, and the filtered sample solution S1 is disc

the solution discharge line 6 side through the meas

Subsequently, after a certain period of time,
electromagnetic valve 43 is closed, and the sample
is discharged only from the return piping 45 side t
specific quantity of the sample solution S1 inside

measuring cell 2.

[0038] Next, the reagent pump 51 of the reagent sup
is operated only for a specific time so as to add t
guantity of the reagent TO to the sample solution S
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measuring cell 2, and change the sample solution S1
measured solution S2 colored according to the conce
the dissolved substance.
sufficiently develops a color, the light emitting d

the light receiving/emitting portion 3 emits the i
including the visible light region. The light refl

reflection plate 21 after transmitting through the
solution S2 inside the measuring cell 2, and the i
transmits through the measured solution S2 again.
transmitted light L is received by the light receiv

32 after one portion of the light is absorbed in th

solution S2 and the like. In that case, the transm

L is divided into the three region component lights

of the transmitted light strengths is measured. Th

from the light emitting device 31 is emitted repeat
multiple times, and an average strength of each of
transmitted lights of the three region component i
calculated.

[0039] When a measurement regarding the measured so
completed, the electromagnetic valve 43 of the samp

line 4 is opened, and the filtered sample solution

into the measuring cell 2 for a specific time. The

waste solution S3 inside the measuring cell 2 is di
through the solution discharge line 6, and the insi
measuring cell 2 is cleaned. Also, the sample solu
which becomes the preparing solution SO is stored i
measuring cell 2.  Subsequently, regarding the tran
light from the preparing solution SO, as in the cas

measured solution S2, an average strength of each o

21
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transmitted lights of the three region component i
calculated.

[0040] Next, based on each of the transmitted light
of the three region component lights regarding the
solution S2 and the preparing solution SO, each abs
respect to the three region component lights is cal
Subsequently, the concentration of the specific dis
substance of that time is calculated from the calib

showing the relation between the absorbance of the
component light and the concentration of the dissol
substance, which is created with respect to a regio

light for measuring the concentration of the specif

substance (hereinafter, referred to as a region com

for a dissolved-substance concentration measurement

three region component lights. Also, the value of
concentration of the specific dissolved substance i

on the display of the output apparatus 8.

[0041] In a case wherein the specific dissolved sub
inside the sample solution S1 is WELLCLEAN (which i
registered trademark by KURITA WATER INDUSTRIES LTD
represents a dithiocarbamic acid-based heavy metal

agent), Fig. 3(a) shows how values of the absorbanc

three region component lights change at each concen

the WELLCLEAN, and Fig. 3(b) shows the above as cal
curves with a graph. Among the calibration curves

3(b), in the calibration curve related to the blue
component light, the values of the absorbances line

the most relative to WELLCLEAN concentrations. The

can be understood that preferably, based on an abso

the blue region component light as the region compo
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for the dissolved-substance concentration measureme
WELLCLEAN concentration is determined.

[0042] Here, for the reagent TO allowing the sample
including the WELLCLEAN to develop a brown color to
measured solution S2, there is used a solution (250
ferrous chloride. Also, the measured solution S2 a

lights in the visible light, so that any of the thr
component lights is absorbed.

[0043] In the concentration measuring apparatus 1,
from the light emitting device 31 transmits to the
solution S2 inside the measuring cell 2 in such a w
obliquely reciprocate, and a passing distance of th
through the measured solution S2 becomes longer so
increase an absorbed quantity of the light into the
solution S2 to that extent. Therefore, in the conc
measuring apparatus 1, the concentration of the dis
substance can be accurately measured, and the measu
can be downsized and the like.

[0044] Also, in the concentration measuring apparat
light including the visible light region from the |
emitting device 31 is divided into the three region

lights at the light receiving device 32, and the ab

the region component lights are calculated so as to

the concentration of the dissolved substance. Ther

the concentration measuring apparatus 1, even in a

the concentration of any dissolved substance is mea
sufficient that a simple pair of light emitting dev

light receiving device 32 is provided, so that the

cost can be reduced, and the measuring apparatus ca
downsized.
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[0045] Incidentally, in the aforementioned explanat
absorbances regarding all of the three region compo

are calculated; however, it is sufficient that the

regarding only the region component light for the d
substance concentration measurement is calculated.

in a case wherein the measured solution S2 develops

orange color by adding the reagent TO, it is consid

the measured solution S2 hardly absorbs the red reg
component light and the green region component ligh
absorbs only the blue region component light which
complementary color. Therefore, in that case, the

component light becomes the region component light
dissolved-substance concentration measurement, and
sufficient that the absorbance of only the blue reg
component light is calculated.

[0046] the concentration of the disso

However, when

substance is automatically measured in the concentr
measuring apparatus 1 as mentioned above, in a case
concentration of the dissolved substance is measure
(zero), there arises a question whether or not the

is unmistakably added to the sample solution S1. A

case wherein the value of the concentration of the
dissolved substance is small, there arises a questi

or not the reagent TO is sufficiently added to the
solution S1 as well. Such a non-addition or an ins
addition of the reagent can occur by reason of clog
coming-off of the piping 53 in the reagent supply |
breakdown of the reagent pump 51, or depletion of t
TO inside the reagent bottle 52. Therefore, when t
concentration of the dissolved substance is measure
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becomes important that whether or not the reagent T
in a necessary quantity to the sample solution S1 c
[0047] [First Embodiment]

Next, the method for measuring concentration
dissolved substance, which can judge whether or not
TO is added in the necessary quantity, according to
embodiment of the present invention will be explain
reference to Figs. 4(a), 4(b), and 5.
[0048] The method for measuring concentration of a
substance includes a reagent preparation step of ma
reagent TOc including a coloring agent by adding a
agent to the reagent TO; a concentration measuremen
measuring the concentration of the specific dissolv
in the sample solution S1 based on the transmitted
the measured solution S2 to which the reagent TOc i
coloring agent is added; and the judgement step of
whether or not the reagent TO is added in the neces
guantity based on the transmitted light L from the
solution S2 to which the reagent TOc including a co
is added.
[0049] First, the reagent preparation step will be

In the reagent preparation step, the reagent TOc i
a coloring agent is made by adding the coloring age
reagent TO, which allows the measured solution S2 t
color transmitting the region component light for t
dissolved-substance concentration measurement among
region component lights without being absorbed.

[0050] The reagent preparation step will be explain

according to Fig. 4(a).
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On the assumption of the reagent preparation step,
necessary that the region component light for the d
substance concentration measurement is determined f
three region component lights. For the region comp
for the dissolved-substance concentration measureme
the three region component lights, there is selecte
component light absorbed in the measured solution S
the specific dissolved substance. Incidentally, in
wherein any of the three region component lights is
the measured solution S2 colored by the specific di
substance, for example, the region component light
value of the absorbance and the value of the concen
the dissolved substance change in a linear relation
as the region component light for the dissolved-sub
concentration measurement.

[0051] First, there is selected the coloring agent
measured solution S2 to develop a color transmittin
component light for the dissolved-substance concent
measurement without being absorbed (a step S11).
[0052] In order to make the explanation easier to u
selecting method of the coloring agent will be expl

Fig. 5. Fig. 5 shows a color circle in which twelv
that the visible light will show are arranged in or
changes. The color circle is divided into three, a

the red region component light shown by, for exampl
light, a red-orange light, a yellow-orange light, a

light; the green region component light shown by, f

a yellow-green light, a green light, a blue-green |

green-blue light; and the blue region component lig
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for example, a blue light, a blue-purple light, a p

and a red-purple light, will be considered.

[0053] The red region component light is absorbed i
measured solution S2 which develops the same color
complementary color thereof (any of blue-green, gre
blue, or blue-purple, or a mixed color of those col

the green region component light is absorbed in the
solution S2 which develops the same color as a comp
color thereof (any of purple, red-purple, red, or r

or a mixed color of those colors); and the blue reg
component light is absorbed in the measured solutio
develops the same color as a complementary color th

of yellow-orange, yellow, yellow-green, or green, o

color of those colors). Consequently, the red regi

light transmits through the measured solution S2 de

same color (any of red, red-orange, yellow-orange,

or a mixed color of those colors) without being abs
Similarly, the green region component light transmi

the measured solution S2 developing the same color
yellow-green, green, blue-green, or green-blue, or

color of those colors) without being absorbed; and

region component light transmits through the measur

S2 developing the same color (any of blue, blue-pur

or red-purple, or a mixed color of those colors) wi

absorbed.

[0054] Therefore, if the region component light for
dissolved-substance concentration measurement is th
component light, the coloring agent allowing the me
solution S2 to develop the same color as the red re
component light may be used for the coloring agent.
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the region component light for the dissolved-substa
concentration measurement is the green region compo

the coloring agent allowing the measured solution S

the same color as the green region component light

for the coloring agent. If the region component li
dissolved-substance concentration measurement is th
region component light, the coloring agent allowing
measured solution S2 to develop the same color as t
region component light may be used for the coloring

that case, in a case wherein the coloring agent dev

example, the same color (any of red, red-orange, ye

or yellow) as one color light in the red region com

the measured solution S2 to which this coloring age

absorbs any one of either the green region componen

the blue region component light other than the red
component light; however, in a case wherein the col

develops the same color (a mixed color of red, red-
yellow-orange, and yellow) as nearly all color ligh

red region component light, the measured solution S

this coloring agent is added absorbs both of the gr
component light and the blue region component light

[0055] When the coloring agent is selected relative
region component light for the
concentration measurement, a fixed quantity of the
agent is added to the specific quantity of the reag
make the reagent TOc including a coloring agent (a
In that case, it is important that the concentratio
coloring agent in the reagent TOc including a color

fixed to a fixed value.

28

dissolved-substance

nce
nent light,

2 to develop
may be used
ght for the

e Dblue
the
he blue
agent. In
elops, for
llow-orange,
ponent light,
nt is added
t light or
region
oring agent
orange,
ts in the
2 to which

een region

to the

coloring
ent TO to
step S12).
n of the

ing agent is



[0056] Next, the concentration measurement step wil
explained.

The concentration measurement step is roughly the
a series of operation steps explained regarding the
concentration measuring apparatus 1. Namely, the c
measurement step includes a step of making the meas
solution S2 by adding the reagent TOc including a c¢
agent to the sample solution S1 after the sample so
supplied to the measuring cell 2; a step of transmi
light from the light emitting device 31 to the meas
solution S2, and receiving the transmitted light L
receiving device 32; a step of transmitting the lig
light emitting device 31 to the preparing solution
supplying the preparing solution SO to the measurin
and receiving the transmitted light L at the light
device 32; a step of calculating the absorbance wit
the region component light for the dissolved-substa
concentration measurement from the transmitted ligh
measured solution S2 and the preparing solution SO
the concentration of the specific dissolved substan
sample solution S1 from the aforementioned absorban
step of making a new measured solution S2 by re-add
insufficient reagent TOc including a coloring agent
measured solution S2 in the measuring cell 2 in a c
a reagent T in a necessary quantity is not added to
solution S1, and calculating the absorbance with re
region component light for the
concentration measurement from the transmitted ligh
new measured solution S2 and the preparing solution
measure the concentration of the specific dissolved
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in the sample solution S1 from the aforementioned a
Incidentally, the region component light for the di
substance concentration measurement
coloring agent, so that except for a problem of an

guantity of the reagent TO, a proper concentration
dissolved substance is measured by the
measurement step.

[0057] Next, the judgement step will be explained.

The judgement step includes a step 1, a step 2, a
and a step 4.

In the step 1, in the concentration measurement st
the absorbance with respect to the region component
the dissolved-substance concentration measurement i
from the transmitted lights L of the measured solut
the preparing solution SO, an absorbance with respe

another region component light which is affected by

coloring agent is calculated. Then, in a case wher
absorbance with respect to another region component
resulted only from the coloring agent, a value ther

and in a case wherein the aforementioned absorbance
from the coloring agent and the specific dissolved

value thereof is Al. Incidentally, the value A3 of
absorbance corresponds to the addition quantity of

TO relative to the sample solution S1.

[0058] In the step 2, in a case wherein the value o
absorbance with respect to another region component
calculated in the step 1 is Al, i.e., in a case whe
absorbance thereof is resulted from the coloring ag

specific dissolved substance, a value A2 of this ab

another region component resulted from

light only
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concentration of the dissolved substance is calcula
known calibration curve from the concentration of t
solution S1 measured

substance in the sample

concentration measurement step. Then, the value A3
absorbance of another region component light result

the coloring agent is calculated using a formula of

A2.

[0059] In the step 3, the value A3 of an absorption

region component light resulted only from the color
obtained in the step 1 or the step 2, is compared w
value AO of the standard absorbance of another regi

light resulted only from the coloring agent in a ca

the reagent TO in only the exactly necessary quanti

to the sample solution S1. Then, if A3 < AQ, the r

the necessary quantity is judged as not having bein

the sample solution S1, and if A3
necessary quantity is judged as having being added
sample solution S1.

[0060] In the step 4, in a case wherein the reagent
necessary quantity is judged as not having being ad

sample solution S1, the concentration measurement i

stops, or the concentration measurement stops after

continued under certain conditions.
[0061] Next, one portion of the concentration measu
and the judgement step will in detail

to Fig. 4(b).

be explained

reference Incidentally,

operations of the computing portion 71 of the compu

processing apparatus 7.
[0062] First, as N = 1, it is clarified that the fo

operation is the first operation
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solution S2 (a step S21). Subsequently, based on

transmitted light L from the measured solution S2 t
reagent TOc including a coloring agent is added, th
component light for the dissolved-substance concent
measurement, for example, the absorbance of the gre
component light is calculated, and based on a value
absorbance, the concentration of the specific disso
substance in the sample solution S1 is measured (a

The region component light for the dissolved-substa
concentration measurement (the green region compone
unaffected by the coloring agent, so that the conce

the specific dissolved substance in the sample solu

easily calculated from the value of the absorbance

a calibration curve showing a relation between
concentration of the dissolved substance and the ab
which is created beforehand with the

respect to reg

component light for the dissolved-substance concent
measurement (the green region component light).

[0063] Next, based on the transmitted light L from

solution S2 to which the reagent TOc including a co

is added, there is calculated a value of an absorba
absorbed in the measured solution S2 colored by the
agent among other region component lights except fo
component light for the dissolved-substance concent
measurement (the green region component light), i.e

red region component light or the blue region compo

for example, a value of the absorbance of the red r
component light. Then, based on the value of the a
thereof, there is calculated the value A3 of the ab

the other region component light (the red region co
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light) resulted only from the coloring agent (a ste

case wherein the other region component light (the
component light) shows a value of the absorbance re
from the coloring agent, the value thereof becomes
any change. Incidentally, the value A3 of the abso

the other region component light (the red region co
light) resulted only from the coloring agent become
corresponding to the addition quantity of the reage
relative to the sample solution S1.

[0064] In a case wherein the other region component

red region component light) shows a value resulted
coloring agent and the specific dissolved substance
considered as follows. The value of the absorbance
other region component light (the red region compon
at that time is Al. Also, the concentration of the
dissolved substance is measured, so that from the v
concentration of the specific dissolved substance,

of the absorbance of the other region component lig
region component light) resulted only from the spec
dissolved substance is calculated using a calibrati

the red region component light created beforehand.

the values Al and A2 of the absorbances, the value
absorbance of the other region component light (the
component light) resulted only from the coloring ag
calculated from the formula of A3 = Al - A2.

[0065] Next, the value A3 of the absorbance obtaine

step S23 is compared with the value AO of the stand
absorbance of the other region component light (the
component light) resulted only from the coloring ag

case wherein the reagent TO in only the exactly nec
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guantity is added to the sample solution S1 (a step

the step S24, if A3

the necessary quantity is judged as having being ad

A3 < AO, it becomes NO, and the addition quantity of th

reagent TO is judged as being insufficient.

[0066] In the step S24, if the reagent TO in the ne
guantity is judged as having being added, the measu
the concentration with respect to the sample soluti
completed, and the measurement of the concentration
respect to the new sample solution S1 starts (a ste
Namely, in the control apparatus 9, there is issued

of the measurement completion which discharges the
solution SO in the measuring cell 2, i.e., the wast

S3, and the new sample solution S1 is stored in the
cell 2, and afterward, a usual measuring operation
out.

[0067] Also, in the step S24, if the addition quant
reagent TO is judged as being insufficient, a warni
“insufficient in addition quantity of reagent” is i

display of the output apparatus 8. Also, a calcula

N + 1 = 2 is carried out, and it is suggested that
measurement can be carried out relative to the same
solution S2 (a step S26). Subsequently, whether or

is judged (a step 27), and if N is 3 or less, i.e.,
measurement is for the third time or less, it becom
that in the control apparatus 9, there is issued a
re-addition of the reagent TOc including a coloring
the measured solution S2 in the measuring cell 2 (a
Subsequently, after the reagent TOc including a col

is re-added to the measured solution S2 in the meas

34

S24). In

> AQ, it becomes YES, and the reagent TO in

ded, and if

cessary
rement of
on S1 is
with
p S25).
a command
preparing
e solution
measuring

is carried

ity of the
ng of
ssued on a
tion of N =
a re-
measured
notN <4
if the
es YES, so
command of a
agent to
step S28).
oring agent

uring cell 2,



the light receiving device 32 receives the transmit
from the light emitting device 31, and when a prepa
calculation of the absorbance is completed, it is r
the step S22, and again, operations on or after the
are carried out. Also, in the step S24, even if th
measurement is for the third time, when it becomes

addition quantity of the reagent TO is judged as be
insufficient, it becomes N = 4, so that in the step
becomes NO, and a warning of “impossible of re-addi
reagent” is issued to the output apparatus 8, so th
measurement stops (a step S29).

[0068] Incidentally, at the first measurement, in a
wherein the addition quantity of the reagent TO is
being insufficient, a re-measurement is not carried
the measurement may stop as it is. Also, a standar
time from the first measurement completion up to a

measurement completion is measured, and in a case w

addition quantity of the reagent TO is judged as be
insufficient at the first measurement, afterward, i
aforementioned standard elapsed time has passed,

measurement may be stopped.

[0069] Moreover, in a case wherein the region compo
for the dissolved-substance concentration measureme
example, the red region component light, and the co
allows the measured solution S2 to develop the same
nearly all color lights in the red region component

any of the three region component lights is absorbe
measured solution S2 resulted from the specific dis
substance, it may be considered as follows. Namely
value of the concentration of the specific dissolve
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obtained from the value of the absorbance of the re d region

component light, values (B2 and C2) of the absorban ces of other
region component lights (the green region component light and
the blue region component light) resulted only from the
specific dissolved substance are obtained from the calibration

curves, and a sum thereof (B2 + C2) is -calculated.

Subsequently, a sum (B1 + C1) of the values of the absorbances
of the other region component lights (the green reg ion
component light and the blue region component light ) is
calculated, and a sum (B3 + C3) of the values of th e
absorbances of the aforementioned region component lights
resulted only from the coloring agent is calculated from a
formula of (B1 + C1) — (B2 + C2). The sum (B3 + C3 ) of the
values of the absorbances becomes a value correspon ding to a
guantity of the reagent TO in the measured solution S2, so that

if the aforementioned value is smaller than a sum ( BO + CO) of
values (BO and CO) of the standard absorbances resu lted only
from the coloring agent in the case wherein the rea gent TO in
only the exactly necessary quantity is added to the sample
solution S1, the addition quantity of the reagent T 0 to the

sample solution S1 is judged as being insufficient.

[0070] As mentioned above, in the method for measur ing
concentration of a dissolved substance, the colorin g agent,
allowing the measured solution S2 to develop a colo r
transmitting the region component light for the dis solved-
substance concentration measurement without being a bsorbed, is
added to the reagent TO to make the reagent TOc inc luding a
coloring agent, and based on the transmitted light of the
measured solution S2 to which the reagent TOc inclu ding a
coloring agent is added, the absorbance of the regi on component
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light for the dissolved-substance concentration mea

the absorbances of the other region component light

only from the coloring agent are calculated. There

method for measuring concentration of a dissolved s
when the concentration of the dissolved substance i
whether or not the reagent TO in the necessary quan
added to the sample solution S1 can be easily judge

in the method for measuring concentration of a diss
substance, regardless of the addition quantity of t

TO, the proper concentration of the dissolved subst

always measured.

[0071] Here, the computing portion 71 of the comput
processing apparatus 7 includes a function of proce
operations explained in a flowchart in Fig. 4(b).

computing portion 71 includes a function of calcula

value of the absorbance resulted only from the colo

using the absorbances of the region component light
dissolved-substa

the region component light for the

concentration measurement.  Also, the computing por
includes a function of judging that the reagent TO
properly added in a case wherein the calculated val
absorbance is small by comparing the calculated val
absorbance with respect to the absorbance resulted

the coloring agent, and the value of the standard a

or the calculated value of the absorbance is zero (
Moreover, in a case of being judged that the reagen

properly added, the computing portion 71 includes a

stopping the measurement in the control apparatus 9

a warning thereof to the output apparatus 8. Also,

portion 72 of the computing processing apparatus 7
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value of the standard absorbance of the region comp

other than the region component light for the disso

substance concentration measurement resulted only f

coloring agent. Moreover, the memory portion 72 st
calibration curve showing the relation between the

with respect to the region component lights other t

region component light for the dissolved-substance

concentration measurement, and the concentration
dissolved substance.

[0072] [Example of First Embodiment]

Next, how to obtain the concentration of the disso

substance in a case wherein the dissolved substance
WELLCLEAN, and a method for judging whether or not
TO in the necessary quantity is added will be speci
explained with reference to Figs. 6(a) to Fig. 8.

[0073] Here, for the region component light for the
substance concentration measurement, there is used
region component light, and for the reagent TO, the

the ferrous chloride solution (250 mg/L). Also, fo
coloring agent, there is used a dye solution (50 mg

the measured solution S2 to develop the same color
color of blue, blue-purple, purple, and red-purple)

all color lights in the blue region component light

the reagent TOc including a coloring agent is made

fixed quantity of the dye solution to a specific qu

the ferrous chloride solution. Moreover, a capacit
measuring cell 2 is 2.5 mL, so that in a case where
reagent TOc including a coloring agent in a specifi

is added to the measuring cell 2, the sample soluti
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to slightly an overflowing state, and the measured

is made only for 2.5 mL inside the measuring cell 2

[0074] Fig. 6(a) is a case wherein only 0.2 mL of t

TOc including a coloring agent is added to each of

sample solutions S1 having different WELLCLEAN conc
inside the measuring cell 2, and absorbances of mea
solutions S2 thereof are examined with respect to t
region component lights.

[0075] From Fig. 6(a), values A and B of respective

of the red region component light and the green reg
component light are affected by the WELLCLEAN and t
agent, so that the values thereof are larger compar

case shown in Fig. 3(a); however, a value C of the

of the blue region component light is unaffected by
coloring agent, so that the value is almost the sam
case shown in Fig. 3(a). Therefore, it can be unde

even in a case wherein the reagent TOc including a
agent is used, the WELLCLEAN concentration can be ¢

the absorbance of the blue region component light.

[0076] Also, as shown in Fig. 6(a), with respect to

the absorbances of the red region component light a

region component light, a value D resulted from the

and the coloring agent is obtained by adding the va
absorbance of the red region component light to the

the absorbance of the green region component light,

E resulted only from the WELLCLEAN is obtained by a
values of the absorbances of the red region compone

the green region component light shown in Fig. 3(a)

a sum F of the values of the absorbances of the red
component light and the blue region component light
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only from the coloring agent can be calculated usin

of F = D — E. The sum F of the values of the absor
resulted only from the coloring agent corresponds t
addition quantity of the reagent TO, and by the sum
values of the absorbances, whether or not the reage
necessary quantity is added to the sample solution
judged.

[0077] Fig. 6(b) shows a case wherein only 0.1 mL o
reagent TOc including a coloring agent is added to

sample solutions S1 having different WELLCLEAN conc
inside the measuring cell 2, and Fig. 6(c) shows a

only 0.05 mL of the reagent TOc including a colorin

added to each of the similar sample solutions S1.
wherein the quantity of the reagent TOc including a
agent is 0.1 mL, the sum F of the values of the abs

the red region component light and the green region

light resulted only from the coloring agent becomes
value in a case wherein the quantity of the reagent

including a coloring agent is 0.2 mL, and the quant

reagent TOc including a coloring agent becomes a do

guantity of a value in the case of 0.05 mL of the q
the reagent TOc including a coloring agent. Theref

be understood that the sum F of the values of the a

resulted only from the coloring agent becomes a val

proportional to the addition quantity of the reagen
including a coloring agent.

[0078] Also, in the case wherein the quantity of th
TOc including a coloring agent is 0.05 mL, when the
concentration becomes larger than 60 mg/L, the valu
absorbance of each region component light becomes ¢
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comes to a value smaller than an actual value, so t
be understood that the quantity of the reagent TO a
sample solution S1 is insufficient. Therefore, in

wherein the concentration of the WELLCLEAN in the s
solution S1 can be expected to a degree of, for exa

mg/L, it is necessary that the addition quantity of

TOc including a coloring agent is 0.1 mL or above,

value of the standard absorbance with respect to th

the values of the absorbances of the red region com

and the blue region component light resulted only f
coloring agent is, for example, 0.42 or above.

[0079] Incidentally, Fig. 7 shows a sum of the valu
absorbance of the three region component lights res

from the coloring agent, and the values of the abso

the red region component light and the green region

light resulted only from the coloring agent in a ca

plurality of measured solutions S2 is made by addin

mL of the reagent TOc including a coloring agent to

solution S1 having 0 mg/L of the WELLCLEAN concentr

the measuring cell 2. Fig. 8 is a graph showing a
between the sum of the values of the absorbances of
region component light and the green region compone
resulted only from the coloring agent, and the addi
guantity of the reagent TOc including a coloring ag

the graph in Fig. 8, the sum of the values of the a

of the red region component light and the green reg
component light resulted only from the coloring age

to the addition quantity of the reagent TOc includi
coloring agent can be understood, so that from the

values of the absorbances, the value of the standar
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in a case wherein the reagent TO in the necessary q
added can be easily determined.
[0080] [Second Embodiment]

Next, a case wherein the measured solution S2 is m
adding a first reagent T1 and a second reagent T2 t
solution S1 will be explained. Incidentally, a con
measuring apparatus 1A in a case of two kinds of re
shown in Fig. 9.
[0081] In that case, in the reagent preparation ste
the reagent including a coloring agent, it is suffi
reagent T1lc including a first coloring agent and a
including a second coloring agent are made. The re
including the first coloring agent is made by addin
qguantity of the first coloring agent to a specific
the first reagent T1, and the reagent T2c including
coloring agent is made by adding a fixed quantity o
coloring agent to a specific quantity of the second
For the first coloring agent, there is used the col
the measured solution S2

allowing to develop a

transmitting the region component light for the dis

substance concentration measurement among the three

component lights, for example the red region compon
and the remaining region component lights, i.e., on
green region component light or the blue region com

for example, the green region component light witho
absorbed. Also, for the second coloring agent, the

the coloring agent allowing the measured solution S

a color transmitting the region component light for
dissolved-substance concentration measurement (the
component the other of the

light) and remaining
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component lights (the blue region component light)

being absorbed.

[0082] Here, the coloring agent allowing the measur

S2 to develop a color transmitting two region compo
without being absorbed will be specifically explain

color circle in Fig. 5. For example, in a case whe

region component lights are the green region compon
and the blue region component light, it is sufficie

coloring agent develops the same color (any of blue
green-blue, blue, or blue-purple, or the mixed colo
colors) as the complementary color of the red regio

light. Also, in a case wherein the two region comp

are the red

component light,

develops the same color (any of purple, red-purple,

red-orange, or

complementary color of the green region component |
case wherein the two region component lights are th
component light and the green region component ligh
sufficient that the coloring agent develops the sam

of yellow-orange, yellow, yellow-green, or green, o

color of those colors) as the complementary color o
region component light.

[0083] Therefore, in a case wherein the region comp

for the dissolved-substance concentration measureme
red region component light, for example, the colori
allowing the measured solution S2 to develop the sa

the complementary color of the green region compone

be added to the first reagent T1 to make the reagen

including the first coloring agent, and the colorin

region component the blue

it is sufficient that the coloring

the mixed color of those colors) as
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allowing the measured solution S2 to develop the sa

the complementary color of the blue region componen

be added to the second reagent T2 to make the reage
including the second coloring agent.

[0084] The region component light for the dissolved
concentration measurement (the red region component
unaffected by the first coloring agent and the seco

agent, so that based on the absorbance of the afore
region component light, the concentration of the sp
dissolved substance can be obtained. Also, the gre
component light is affected only by the first color

and is unaffected by the second coloring agent. Th
example, a value B3 of the absorbance resulted only
first coloring agent is calculated from a value Bl
absorbance of the green region component light show

of the absorbance resulted from the first coloring

the specific dissolved substance, and a value B2 of
absorbance of the green region component light resu
from the dissolved substance calculated using the c
curve from the value of the concentration of the di
substance, and if the value B3 of the absorbance is
than a value BO of the standard absorbance, the add
guantity of the first reagent T1 is insufficient.

[0085] Moreover, the blue region component light is

only by the second coloring agent, and is unaffecte

first coloring agent. Therefore, for example, a va

the absorbance resulted only from the second colori
calculated from a value C1 of the absorbance of the
component light showing a value of the absorbance r

the second coloring agent and the specific dissolve
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and a value C2 of the absorbance of the blue region
light resulted only from the dissolved substance ca
using the calibration curve from the value of the c

of the dissolved substance, and if the value C3 of

absorbance is smaller than a value CO of the standa
absorbance, the addition quantity of the second rea

insufficient.

[0086] Incidentally, in a case wherein the addition

only one of the first reagent T1 or the second reag

judged as being insufficient, and the re-measuremen

out, the re-measurement may be carried out by re-ad

the insufficient reagent including a coloring agent

measured solution S2 in the measuring cell 2.

[0087] Also, the computing portion 71 of the comput
processing apparatus 7 includes a function of proce
operation of the equipment as explained in the abov

the memory portion 72 of the computing processing a

stores the values BO and CO of the standard absorba

region component light resulted only from the color

with respect to the first reagent T1 and the second

[0088] Also, in the embodiment, as shown in Fig. 9,

reagent T1 is added to the measuring cell 2 from a
reagent supply line 5A, and the second reagent T2 i

the measuring cell 2 from a second reagent supply |
Therefore, the reagent T1c including the first colo

is added to the measuring cell 2 from the first rea

line 5A as well, and the reagent T2c including the
coloring agent is added to the measuring cell 2 fro

reagent supply line 5B as well. In that case, in e
reagent supply lines 5A and 5B, there are provided

45

component
Iculated
oncentration
the
rd
gent T2 is

guantity of
ent T2 is

t is carried
ding only

to the

ing
eding the
e. Moreover,
pparatus 7
nce of each
ing agent
reagent T2.
the first
first
S added to
ine 5B.
ring agent
gent supply
second
m the second
ach of the

reagent



pumps 51A and 51B; reagent bottles 52A and 52B; and
and 53B, respectively, and the reagent pumps 51A an
controlled by the control apparatus 9.

[0089] [Third Embodiment]

Next, a case wherein the measured solution S2 chan

color from the first color to the second color acco
concentration of the specific dissolved substance w
explained with reference to Figs. 10(a) and
Incidentally, the concentration measuring apparatus
this case is the concentration measuring apparatus
Fig. 1.

[0090] Figs. 10(a) and 10(b) show a case wherein an
light color of the measured solution S2 changes fro

a complementary color light of the red region compo
to a color of a complementary color light of the gr
component light as the concentration of the dissolv

rises. In that case, when the concentration of the
substance starts to rise, the value of the absorban
green region component light rapidly rises in a cur
and when the concentration of the dissolved substan
30, the value of the absorbance of the green region
light rises in a straight line. Also, when the con

of the dissolved substance starts to rise, the valu
absorbance of the red region component light declin
straight line, and when the concentration of the di
substance becomes 30 or less, the value of the abso
the red region component light gradually declines i
line. Therefore, the concentration of the dissolve

is calculated based on the value of the absorbance
region component light when the concentration of th
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substance is between 0 and 30, and the concentratio
dissolved substance is calculated based on the valu
absorbance of the green region component light when
concentration of the dissolved substance exceeds 30

[0091] In that case, for the coloring agent added t
reagent TO, there is used the coloring agent allowi
measured solution S2 to develop the same color as
complementary color of the blue region component li
transmit the red region component light and the gre
component light without being absorbed. Therefore,

wherein the blue region component light shows, for
absorbance resulted from the coloring agent and the
dissolved substance, the value of the absorbance of

region component light resulted only from the color

calculated, and if the value of the absorbance is s

the value of the standard absorbance, the addition

the reagent TO to the sample solution S1 is judged
insufficient.

[0092] Namely, the measured solution S2 changes a c

the first color to the second color according to th
concentration of the specific dissolved substance,

case wherein the concentration of the dissolved sub
required to be obtained using absorbances of two re
component lights for the dissolved-substance concen
measurement, the coloring agent, allowing the measu

S2 to develop the same color as the complementary c
remaining region component lights, may be added to

TO to make the reagent TOc including a coloring age

the value of the absorbance resulted only from the

agent is calculated from the values of the absorban
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remaining region component lights, and based on the

the absorbance, whether or not the reagent TO is su

added to the sample solution S1 may be judged.

[0093] Incidentally, the computing portion 71 of th

processing apparatus 7 includes the function of pro

operation of the equipment as explained in the abov

Explanation of Symbols

[0094] 1 a concentration measuring apparatus

2 ameasuring cell

3 alight receiving/emitting portion

4 asample supply line

5, 5A, and 5B reagent supply lines

6 a solution discharge line

7 acomputing processing apparatus

8 an output apparatus

9 a control apparatus
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SO
S1
S2
A0

a light emitting device

a light receiving device

a preparing solution

a sample solution (a sample)
a measured solution

a value of a standard absorbance of another re

component light

A3

a value of an absorbance of another region com

light resulted only from a coloring agent

TO, T1,and T2 reagents

TOc, Tlc, and T2c reagents including a coloring a
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CLAIMS

[Claim 1]

A method for
substance, comprising:

a reagent preparation step of making a reagent inc
coloring agent by adding the coloring agent, which
measured solution to develop a color transmitting a
component light for a dissolved-substance concentra
measurement selected from any of a red region compo
a green region component light, or a blue region co
light obtained by transmitting a light including a
light region to the measured solution colored by ad
reagent to a sample, and dividing a light in the vi
region within a transmitted light thereof into roug

portions, or selected from a plurality of the regio

measuring concentration of a dissolved

luding a
allows a
region
tion
nent light,
mponent
visible
dition of a
sible light
hly three

n component

lights of a combination of the red, green, and blue region
component lights, without being absorbed, to the re agent;

a concentration measurement step of measuring
concentration of a specific dissolved substance in the sample
by calculating an absorbance of the region componen t light for
the dissolved-substance concentration measurement b ased on the
transmitted light from the measured solution to whi ch the
reagent including the coloring agent is added; and

a judgement step of carrying out a judgement wheth er or
not the reagent is added in a necessary quantity by calculating
an absorbance of another region component light oth er than the
region component light for the dissolved-substance
concentration measurement based on the transmitted light from
the measured solution to which the reagent includin g the
coloring agent is added to determine a value of an absorbance
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of the another region component light resulted only
coloring agent, and by comparing the value of the a

with a value of a standard absorbance.

[Claim 2]

The method for measuring concentration of a dissolv
substance according to claim 1, wherein in a case i
kinds of the reagents are added to the sample, in t
preparation step, a first coloring agent, allowing
solution to develop a color transmitting the region
light for the dissolved-substance concentration mea
one of remaining region component lights among thre
region component lights without being absorbed, is
of the reagents to make a reagent including the fir
agent; and a second coloring agent, allowing the me
solution to develop a color transmitting the region
light for the dissolved-substance concentration mea
the other of the remaining region component lights
being absorbed, is added to the other of the reagen

reagent including the second coloring agent.

[Claim 3]
The method for measuring concentration of a dissolv
substance according to claim 1, wherein in a case i
measured solution develops a color in such a way as
color with a change in concentration of the specifi
substance, and two of the region component lights a
the region component light for the dissolved-substa
concentration measurement, in the reagent preparati
coloring agent, allowing the measured solution to d
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color transmitting the two of the region component lights
without being absorbed, is added to the reagent to make a

reagent including a coloring agent.

[Claim 4]

The method for measuring concentration of a dissolv ed
substance according to any of claims 1 to 3, wherei nin a case
in which the reagent is judged as not having being added in a
necessary quantity, while carrying out a re-additio n of the
reagent including a coloring agent, the concentrati on
measurement step and the judgement step are repeate d.

[Claim 5]

The method for measuring concentration of a dissolv ed
substance according to claim 4, wherein in a case i n which the
reagent is judged as not having being added in a ne cessary
guantity even when a specific time has passed after the reagent
is judged as not having being added in a necessary guantity, in
the judgement step, a warning is issued to stop a m easurement.
[Claim 6]

The method for measuring concentration of a dissolv ed
substance according to any of claims 1 to 3, wherei nin a case
in which the reagent is judged as not having being added in a
necessary quantity, in the judgement step, a warnin g is issued

to stop a measurement.
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