DESCRIPTION
Title of Invention: WATER TREATMENT APPARATUS AND WTER
TREATMENT METHOD

Technical Field
[0001] This invention relates to a control wateatment apparatus and a water
treatment method, which implement optimum ozonedtnpn control in real-

time in accordance with the changes of water quahtd flow rate.

Background Art

[0002] The humic substance contained in raw wat&nown as a precursor of
trihalomethane (hereafter called “THM”). The hurmaidstance is an organic
substance that is difficult to decompose, is hanctmove by conventional

water purification treatment, and promotes the garan of THM if chlorine
treatment is performed for disinfection.

[0003] To suppress the generation of THM, which arcinogenic substance,
advanced ozone water purification treatment is us@dirification plants. In
advanced ozone water purification treatment, okgyanbstances in raw water
are decomposed by oxidation using the strong axigipower of ozone. Ozone
decomposes and eliminates the humic substanceré@rwater, hence the
ozone treatment is effective in reducing trihalamaee forming potential
(THMFP).

[0004] In this ozone treatment, the ozone injeatéal the untreated water reacts
with the organic substance, and is consumed, arghoted ozone is detected as
dissolved ozone. Therefore if more than necesmaigunt of ozone is injected
into the untreated water to decompose the dissaugahic substance, the
dissolved ozone concentration increases. Anckiffiesolved ozone
concentration increases, the bromide ions in theeated water are oxidized,

and a disinfection by-product, such as bromatgergerated.



[0005] Bromate is a suspected carcinogenic substdnerefore bromate in tap
water is restricted to 10g/L or less based on the water quality standards of
water supply laws. To suppress the generatiomahhte, the ozone injection
rate must be controlled. Normally the dissolvedr@zconcentration constant
control method, which controls the ozone injectiate based on the dissolved
ozone concentration of the treated water, is peréok

[0006] In this dissolved ozone concentration camstantrol method, the
generation of bromate is suppressed to controkaeg the dissolved ozone
concentration to be as low as possible. Howewea, high water temperature
period, such as summer time, bromate that is é¢qual higher than the
reference value is sometimes detected when theldessozone is detected.
This is probably because the self-decompositioedje ozone is fast, and the
concentration of the dissolved ozone in the treataidr is controlled to be
higher than the measured value of the dissolvedezoncentration.

[0007] Controlling the dissolved ozone concentratm be low is effective to
suppress the generation of bromate, but THMFP, wisithe original target of
ozone treatment, may not be sufficiently reduced.

[0008] Therefore control of the ozone injectiorerat accordance with the
water quality of the untreated water is under exaton, and a method based
on the relationship between the ultraviolet respeabsorbances at a 254 nm
wavelength of the untreated water and the treatddnwas proposed (e.g. see
PTL 1). A method of controlling the ozone injectiate based on the
relationship between the fluorescence intensityhefuntreated water and the

ozone consumption efficiency was also proposed ¢eg PTL 2).
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Summary of Invention
Technical Problem
[0010] However, the prior arts have the followinglgems.

In the ozone injection rate control method acaaydo PTL 1, an
experiment to determine the reaction charactesistetween the untreated water
and ozone is performed in advance, and the ozgeetion rate is controlled
based on this experiment result. Therefore ifwlager quality of the untreated
water changes, depending on the weather and teersdlie ozone injection
rate cannot be controlled appropriately.

[0011] In PTL 2, on the other hand, the ozone impecrate is controlled based
on the ozone consumption efficiency. In other wgotte results of an ozone
treatment, such as an injected ozone gas condentrah exhausted ozone gas
concentration, and a dissolved ozone concentradi@neflected in the control
of the ozone injection rate. Therefore the ozopection rate cannot be
controlled appropriately in real-time, in accordamath the change in the water
quality of the untreated water. Further, the valtithe dissolved ozone
concentration is used to calculate the ozone copgsamefficiency. This means
that in such a high water temperature period agr®mime, the generation of
bromate may increase.

[0012] With the foregoing in view, it is an objexdtthe present invention to
provide a water treatment apparatus and a wateinent method that can
control the ozone injection rate appropriatelyaacordance with the changes in
the water quality and the flow rate, and can suggptiee generation of bromate,
and decompose and eliminate organic substancegleviaig a high water

temperature period.

Solution to Problem



[0013] A water treatment apparatus according t® ithvention has: an ozone
injection facility configured to inject ozone gada a treatment tank into which
untreated water is introduced to be stored theeemeasuring unit configured to
measure a spectral light intensity of the untreatatkr in a plurality of
locations in the treatment tank by using at ledssawavelength; and a
controller configured to estimate a residual rdtde spectral light intensity at
the first wavelength for treated water, which hasrbtreated with ozone in the
treatment tank or for both the treated water apdititreated water, based on
measurement results in the plurality of locationeasured by the measuring
unit, and control an ozone injection rate usedngydzone injection facility by
using the estimated residual rate.

Another water treatment apparatus according titiviention has: an
ozone injection facility configured to inject ozogas into a treatment tank into
which untreated water is introduced to be storedeiin; a first measuring
instrument configured to measure ultraviolet abande at two or more types of
wavelengths, including a first wavelength and asdovavelength, for the
untreated water introduced into the processing;tartkird measuring
instrument configured to measure the ultravioletoabance at the first
wavelength for the treated water which has beeatdgdewith ozone in the
treatment tank; a controller configured to conmlozone injection rate of the
ozone injection facility, based on measurementliey the first measuring
instrument and the third measurement instrumermt;aacompact water
treatment apparatus configured to introduce theeated water, perform ozone
treatment thereon, and calculate a target valtleeodzone injection rate in real-
time, based on a result of the ozone treatmentreninéhe controller calculates
the residual rate measured value of the ultraveddsbrbance at the first
wavelength of the treated water by dividing the soead value of at the first
wavelength of the third measuring instrument byrtieasured value at the first

wavelength of the first measuring instrument, amotiols the ozone injection



rate so as to minimize a difference between a tasae of the ozone injection
rate calculated by the compact water treatmentrapaand the residual rate
measured value of the ultraviolet absorbance dirgtevavelength of the
treated water.

[0014] A water treatment method according to thigention is a water
treatment method used for a water treatment apmsahatving: an ozone
injection facility configured to inject ozone gada a treatment tank into which
untreated water is introduced to be stored theeefirst measuring instrument
configured to measure ultraviolet absorbance atamwmore types of
wavelengths, including a first wavelength and asdovavelength, for the
untreated water introduced into the treatment tartkjrd measuring instrument
configured to measure ultraviolet absorbancefastawavelength for treated
water which has been treated with ozone in therntresat tank; and a controller
configured to control an ozone injection rate @& #zone injection facility,
based on the measurement results by the first magsostrument and the third
measuring instrument, the method executed by theater including: a step of
calculating a residual rate estimated value otutlraviolet absorbance at the
first wavelength of the treated water from the miead value at the second
wavelength by the first measuring instrument, aettirgy the calculated value as
a target value; a step of calculating a residual measured value of the
ultraviolet absorbance at the first wavelengthheftreated water by dividing the
measured value at the first wavelength of the thmedsuring instrument by the
measured value at the first wavelength of the firsasuring instrument; and a
step of controlling the ozone injection rate, secasiinimize a difference
between the residual rate estimated value of tinaviblet absorbance at the
first wavelength, which has been set as the tar@et, and the residual rate
measured value of the ultraviolet absorbance dirgtevavelength of the

treated water.



Another water treatment method according to tiigition is a water
treatment method used for a water treatment apmsahaving: an ozone
injection facility configured to inject ozone gadad a treatment tank where
untreated water is introduced and stored; a fiesigaring instrument configured
to measure a spectral light intensity at a first@l@ngth for the untreated water
in a first measurement location which is set ataihgance of the treatment tank;
a second measuring instrument configured to measspectral light intensity
at the first wavelength for the untreated watea second measurement location
which is set inside the treatment tank; a third sneag instrument configured
to measure the spectral light intensity at the fargvelength for treated water,
which was being treated with ozone in the treatrntesmit in a third measurement
location which is set at the exit of the treatntank; and a controller configured
to control the ozone injection rate by the ozonedition facility, based on the
measurement results by the first measuring instnintiee second measuring
instrument, and the third measuring instrument,reinethe controller executes:
a step of calculating, as a first residual rate,résidual rate of the spectral light
intensity at the first wavelength of the untreateder in the first measurement
location, based on the measured value by thenfiestsuring instrument; a step
of calculating, as a second residual rate, theluasrrate of the spectral light
intensity at the first wavelength of the untreateder in the second
measurement location, based on the measured walle Isecond measuring
instrument; a step of calculating, as a third nesidate, the residual rate of the
spectral light intensity at the first wavelengthtloé treated water in the third
measurement location, based on the measured walhe hird measuring
instrument; a step of generating a linear functierived from the first residual
rate and the second residual rate; a step of edileglan independent variable in
the linear function where the third residual rata dependent variable; and a
step of controlling the ozone injection rate, bagedhe calculated independent

variable.



Advantageous Effects of Invention

[0015] According to this invention, the water traant apparatus has a
configuration to estimate the ozone injection ratpired for decomposing the
organic substances in the untreated water bas#teomater quality of the
untreated water. As a result, [the ozone injectada] can be appropriately
controlled in real-time in accordance with the apam the water quality, ozone
required for decomposing the organic substancebeatcurately injected into
the untreated water, and a water treatment apzaaatl a water treatment
method, which allow to sufficiently decompose ongaubstances and suppress

the generation of bromate, can be implemented.

Brief Description of Drawings
[0016] Fig. 1 is a diagram depicting a configurated a water treatment
apparatus according to Embodiment 1 of this inwenti

Fig. 2 is a flow chart depicting a series of opers of the water
treatment method performed by the water treatmgpératus according to
Embodiment 1 of this invention.

Fig. 3 is a diagram depicting each relationshiphefUV 254 residual
rate and the dissolved ozone concentration witlo#m®e injection rate when
the untreated water, of which water source is erris treated with ozone by the
water treatment apparatus according to EmbodimentHis invention.

Fig. 4 is a diagram depicting the changes in dizsare of three types of
untreated water at a 200 nm wavelength to a 30vanelength according to
Embodiment 1 of this invention.

Fig. 5 is a diagram depicting a relationship & tv 210 of untreated
water and the UV 254 residual rate at the inflecpoint according to

Embodiment 1 of this invention.



Fig. 6 is a diagram depicting a configuration efater treatment
apparatus according to Embodiment 2 of this inwenti

Fig. 7 is a diagram depicting a relationship & gfeneration amount of
bromate with the water temperature of the untreatztgr according to
Embodiment 2 of this invention.

Fig. 8 is a flow chart depicting a series of opers of the water
treatment method performed by the water treatmapératus according to
Embodiment 2 of this invention.

Fig. 9 is a diagram depicting a configuration efater treatment
apparatus according to Embodiment 3 of this inwenti

Fig. 10 is a diagram depicting a configuratioraaompact water
treatment apparatus according to Embodiment 3igirkention.

Fig. 11 is a diagram depicting a series of openatiof the water
treatment method performed by the water treatmgpératus according to
Embodiment 3 of this invention.

Fig. 12 is a diagram depicting a configuratioraafater treatment
apparatus according to Embodiment 4 of this inwenti

Fig. 13 is a diagram depicting a configuratioradpectral light intensity
measuring unit 42 according to Embodiment 4 of itmiention.

Fig. 14 is a flow chart depicting a series of a@pens of the water
treatment method performed by the water treatmgpératus according to
Embodiment 4 of this invention.

Fig. 15 is a diagram of an experiment result demoeach relationship
of the UV 254 residual rate and the dissolved ommmeentration, with the
ozone injection rate, when the untreated waten@&ted with ozone by the
water treatment apparatus according to Embodimentldis invention.

Fig. 16 is a diagram depicting each relationsliihe UV 254 residual
rate and the dissolved ozone concentration witlogm@e injection rate, when

the untreated water 3 is treated with ozone byier treatment apparatus



according to Embodiment 4 of this invention anddhkene injection rate at this
time is insufficient.

Fig. 17 is a flow chart depicting a series of @pens of the water
treatment method performed by the water treatmgpératus according to
Embodiment 5 of this invention.

Fig. 18 is a diagram depicting the changes ini{e254 residual rate
and the dissolved ozone with respect to the ozgeetion rate respectively
when the untreated water 3 is treated with ozorepsiedetermined water
temperature or less, using the water treatmentadedbcording to Embodiment

5 of this invention.

Description of Embodiments
[0017] Preferred embodiments of the water treatrapptiratus and the water
treatment method of this invention will be desctilvath reference to the
drawings.
[0018] Embodiment 1

Fig. 1 is a diagram depicting a configuration efater treatment
apparatus according to Embodiment 1 of this ineentiThe water treatment
apparatus according to Embodiment 1 is appliechtadvanced water
purification treatment combining ozone treatmernt Biological activated
carbon treatment. The biological activated caripeatment, however, is not
always required.
[0019] In the water treatment apparatus depiatdéig. 1, an untreated water
pipe 1 is connected to an ozone treatment tankd®adreated water pipe 4 is
connected to a subsequent stage of the ozone @ettank 2. Untreated water
3 is stored in the ozone treatment tank 2.
[0020] A first untreated water branch pipe 5 ismected to the untreated water
pipe 1, and the first untreated water branch pigeceonnected to a first

ultraviolet absorbance measuring instrument 9 Vissasuspended substance



eliminator 8. A second untreated water branch fip&hich extends from the
first ultraviolet absorbance measuring instrumens @onnected to a reaction
tank upper space 7 of the ozone treatment tank 2.

[0021] A first treated water branch pipe 16 is cected to the treated water pipe
4. The first treated water branch pipe 16 is cateteto a second ultraviolet
absorbance measuring instrument 19 via a secopesdsd substance
eliminator 18. A second treated water branch fipé connected to the second
ultraviolet absorbance measuring instrument 19.

[0022] Measured values, which are measured byittsteuftraviolet absorbance
measuring instrument 9 and the second ultraviddebdance measuring
instrument 19, are sent to a control unit (con&llL0. The control unit 10 is
connected to a first ozone injector 11. The famine injector 11 is constituted
by an ozone generator 12, an ozone gas pipe 1&raadone gas diffuser pipe
14. The ozone gas diffuser pipe 14 is disposddedbottom part of the ozone
treatment tank 2. An exhaust ozone gas treatnpgaratus 15 is connected to
the upper part of the ozone treatment tank 2.

[0023] The first ultraviolet absorbance measurimgfnument 9 measures the
ultraviolet absorbance of the untreated waterd&hgtof the two or more types

of wavelengths. For this measurement, accordirigmbodiment 1, it is
assumed that the first wavelength measurement tiarif® nm to 270 nm,
which is correlated with dissolved organic substgnand the second
wavelength measurement range is 200 nm to 230 nm.

[0024] The second ultraviolet absorbance measumstgument 19 measures the
ultraviolet absorbance at any wavelength of thatée water. In Embodiment 1,
it is assumed that the wavelength measurement iar&g® nm to 270 nm,

which is correlated with organic substances. Ambscence intensity measuring
instrument may be used, instead of the first uitdiat absorbance measuring

instrument 9 or the second ultraviolet absorbaneasuring instrument 19.
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[0025] Fig. 2 is a flow chart depicting a serieopérations of the water
treatment method performed by the water treatmapér@atus according to
Embodiment 1 of this invention. In step S101 & tlow chart in Fig. 2, it is
assumed that the untreated water 3 is containdgkinzone treatment tank 2,
and the water treatment method of Embodiment fiaisesl in a state where the
ozone treatment is performed for the untreated méate

[0026] In the preceding stage of the first ultrd@i@bsorbance measuring
instrument 9 (not included in Fig. 2), the suspehsigbstances in the untreated
water 3 are eliminated by the first suspended ambsteliminator 8, as a pre-
treatment to measure the ultraviolet absorbantleeofintreated water 3. Then
in step S102, the first ultraviolet absorbance meag instrument 9 measures
the ultraviolet absorbance at a 254 nm wavelerngghe@fter called UV 254) for
the untreated water 3 after the suspended substaneeliminated, and the
result is regarded as;&n

[0027] In step S105, the first ultraviolet absortmameasuring instrument 9
measures the ultraviolet absorbance at a 210 nrelemgyth (hereafter called
UV 210). These measurements in step S102 ancs&@p are performed in
parallel. Therefore in Fig. 2, the lateral lin@tching into step S102 and step
S105 is indicated as a double line.

[0028] Then in step S106, the control unit 10 eates the UV 254 residual rate
estimated value A4.s0f the treated water, using UV 210 of the untréatater

3 measured by the first ultraviolet absorbance omaag instrument 9.

[0029] In the preceding stage of the second ulbtaviabsorbance measuring
instrument 19 (not included in Fig. 2), the susmehsubstances in the treated
water are eliminated by the second suspended suesédiminator 18, as a pre-
treatment to measure the ultraviolet absorbanteeotfreated water. Then in
step S103, the second ultraviolet absorbance magsostrument 19 measures
UV 254 for the treated water after the suspendedtances are eliminated, and

the result is regarded as¥.
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[0030] Then in step S104, the control unit 10 claites the UV 254 residual rate
Assaresurusing the following Expression (1).

UV 254 residual rate Asresurt= Azsafin/ Azsaini X 100 (1)
[0031] The untreated water 3 and the treated wased for measuring the
ultraviolet absorbance, may be disposed or retutmedwater treatment step.
The treatment in step S102 and step S105 and udrsemeatment may be one
continuous treatment.
[0032] Then in step S107, the control unit 10 corapdhe relationship of the
UV 254 residual rate AgesyrCalculated in step S104, and the UV 254 residual
rate estimated value,A.sestimated in step S106, with the following
Expression (2).

UV 254 residual rate estimated valug A

= UV 254 residual rate Ayesuit B (2)

[0033] B in the above Expression (2) is a margiembr considering dispersion
and an error of the measured value of the ultrav@mbsorbance, and is set to 0%
to 10%, preferably 3% to 5%. If the UV 254 resid@de Apses,:0f the treated
water satisfies the range specified by the aboywdssion (2), the current
ozone injection rate is maintained, and processtyns to step S102 and step
S105.
[0034] On the other hand, if the UV 254 residust does not satisfy the range
specified by the above Expression (2), processiivgraces to step S108, and the
control unit 10 compares the relationship of the 24 residual rate Asresur
and the UV 254 residual rate estimated valugA with the following
Expression (3).

UV 254 residual rate estimated valug A

> UV 254 residual rate Auresuit B (3)

[0035] If the UV 254 residual rate,fy..su0f the treated water satisfies the
above Expression (3), processing advances to 4i1@9, 8nd the control unit 10

12



controls to decrease the ozone injection rate jfamat, processing advances to
step S110, and the control unit 10 controls toaase the ozone injection rate.
[0036] In this way, the water treatment apparatie®eding to Embodiment 1
continuously measures the ultraviolet absorbandkeotintreated water 3 and
the treated water, and controls the ozone injecat@ based on these
measurement results. In other words, the watatrrent apparatus according to
Embodiment 1 compares the UV 254 residual ratg.&.with the UV 254
residual rate estimated valugsAs; which was estimated earlier when the
retention of the water started in the ozone treatrtank 2 corresponding to the
retention time in the ozone treatment tank 2, &edoizone injection rate is
controlled based on the comparison result, whetiedyzone injection rate can
be controlled appropriately in accordance withdhange in the water quality of
the untreated water.

[0037] Further, the water treatment apparatus aoegito Embodiment 1
estimates the ozone injection rate that is requwedecomposing the organic
substances, based on the water quality of theatettevater. Therefore feed
forward control to implement the ozone injectiotereequired for ozone
treatment can be performed.

[0038] In the case when the inflow quantity of thereated water 3 changes,
the ozone injection rate to the untreated wateg®imes insufficient if the
inflow quantity of the untreated water 3 increas€his means that the UV 254
residual rate As4esuOf the treated water increases, compared wittuiWe54
residual rate estimated valugsAs.estimated based on the UV 210 of the
untreated water 3. Therefore in this case, condroicrease the ozone injection
rate is performed as indicated in step S110.

[0039] If the inflow quantity of the untreated waBdecreases, on the other
hand, the ozone injection rate to the untreateém&becomes excessive. This
means that the UV 254 residual ratgsfs,:0f the untreated water 3 decreases,

compared with the UV 254 residual rate estimatddevAys,.ieStimated based
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on the UV 210 of the untreated water 3. Thereiiot@is case, control to
decrease the ozone injection rate is performeddisated in step S109. In this
way, the water treatment apparatus according todéimient 1 can control the
ozone injection rate appropriately in accordandé tie change in the inflow
guantity of the untreated water 3.

[0040] Further, as described in prior art, not lbss the reference value of the
bromate may be generated when the dissolved ozaretected in a high water
temperature period, such as summer time. Thisrggae of the bromate can
be suppressed if the ozone injection rate is chattan accordance with the
change in the water quality index within a rangéhef ozone injection rate
where the dissolved ozone is not detected.

[0041] In other words, even when the ozone inj@ctate is in a range where
the dissolved ozone is not detected, the ozonetiaferate may become
insufficient and the decomposition of organic sabses, which is the original
target of the ozone treatmentay not be implemented if ozone is injected in
accordance with the change in the water qualitgxndTlhis embodiment can
prevent such a situation. Furthermore, if the ez@yuired for decomposing
the organic substances is injected in the ranglesobzone injection rate by
which the dissolved ozone is not detected, an skeefjection of ozone is
prevented, and the generation of the bromate caunyeressed.

[0042] Hence, in order to control the ozone in@etiate using the ultraviolet
absorbance in the range of the ozone injectionwhtze the dissolved ozone is
not detected, the relationship of the change ofU¥&54 residual rate and the
dissolved ozone concentration, with respect tat#tane injection rate, was
examined based on experiments. For the experinthné® types of untreated
water, which came from different sources, were usHtk results are depicted
in Fig. 3 to Fig. 5.

[0043] The following three types of untreated wdfgrto (3) were used.

Untreated water (1): untreated water of which seus a river

14



Untreated water (2): untreated water of which sewontains rain and
domestic waste water

Untreated water (3): untreated water of which sewontains
biologically treated water
[0044] Fig. 3 is a diagram depicting each relatiop®f the UV 254 residual
rate and the dissolved ozone concentration, t@zbee injection rate when the
untreated water (1) is treated with ozone by theemaeatment apparatus
according to Embodiment 1 of this invention. 1g.R3, the experiment result of
the UV 254 residual rate with respect to the ozajeetion rate is plotted with
black dots, and the experiment result of the diebbzone concentration with
respect to the ozone injection rate is plotted wutfite triangles.
[0045] The water temperature of the treated wates get to 3W, assuming a
high water temperature period. As the ozone iilgaaate increases, the UV
254 residual rate decreases, and the slope of 254 residual rate with
respect to the ozone injection rate lessens whepzbne injection rate is 0.8
mg/L or more.
[0046] The point at which the slope of the UV 284idual rate, with respect to
the ozone injection rate, lessens, is called aftelttion point” here. The UV
254 residual rate at the inflection point is 48¥he same experiment was
performed for the untreated water (2) and the atdécewater (3), of which
water sources are different from that of the unée@avater (1), and the UV 254
residual rate at the inflection point was determinespectively (graphs thereof
are omitted).
[0047] When the ozone injection rate is the infl@tipoint or less, the organic
substances, which easily react with ozone, haveptzisly reacted with ozone,
and when the ozone injection rate exceeds thecirdle point, organic
substances, which react with ozone slowly, has égueact with ozone. Such
an organic substance as THMFP, which reacts witn@zjuickly, is

sufficiently decomposed if the ozone injection ratt¢he inflection point is used.
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Therefore if ozone, corresponding to the ozonectiga rate at the inflection
point, is injected into the untreated water 3, saigclorganic substance as
THMFP can be reduced.

[0048] On the other hand, the dissolved ozone wetscted when the ozone
injection rate is 1.2 mg/L or more. As indicatadHg. 3, the ozone injection
rate at the inflection point is lower than the ozamection rate at which the
dissolved ozone was detected. This means thaizthree injection rate can be
controlled using the UV 254 residual rate as aexnih the range of the ozone
injection rate at which the dissolved ozone wasdedécted.

[0049] Therefore in the range of the ozone injectate at which the dissolved
ozone is not detected, it is necessary to detedtth 254 residual rate and the
ozone injection rate at the inflection point of thdreated water 3, in order to
inject the amount of ozone required for decomposnggnic substances.
[0050] Fig. 4 is a diagram depicting the changab@absorbance of the three
types of untreated water at a 200 nm wavelengéh300 nm wavelength
according to Embodiment 1 of this invention. lry &fthe untreated water (1)
to (3), the absorbance tends to decrease as thedemgth increases. In the
wavelength range from 200 nm to 230 nm, the absadahanges considerably
depending on the untreated water. The differemcabsorbance in this
wavelength range is probably because of the huntistances contained in the
untreated water.

[0051] Fig. 5 is a diagram depicting a relationdghween the UV 210 of the
untreated water and the UV 254 residual rate aintitection point according to
Embodiment 1 of this invention. As the untreatedex has a higher absorbance
of UV 210, the UV 254 residual rate at the infleatpoint is lower. In the case
of the untreated water (1), of which source isvariit is likely that the
dissolved organic substances are mostly humic anbss, such as humic acid
and fulvic acid. Such organic substances as hamdand fulvic acid contain

aromatic rings, which probably increases UV 210.
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[0052] An organic substance containing aromatigsihas a high reactivity
with ozone. This is probably the reason why the 254 residual rate at the
inflection point is low in the untreated water (@) ,which ratio of humic
substances is high. In the case of the untreaédery2), of which source
contains rain and domestic waste water, it is yikeat humic substances are
less than in untreated water (1), as well as coimguisurface-active agents and
the like.
[0053] In the case of the untreated water (3), loiclv source is biologically
treated water, the main dissolved organic substesnaebably hydrophilic
organic acid. Compared with humic acid, hydroghiliganic acid has a lower
absorbance at a 230 nm wavelength or less, andea leactivity with ozone.
This is probably because in untreated water ($)hich the ratio of the
hydrophilic organic acid is high, the UV 254 reatitate at the inflection point
is high.
[0054] The relationship between the UV 210 of theeated water and the UV
254 residual rate at the inflection point can bpreaximated by the following
Expression (4), which is a linear equation indiddig the dotted line in Fig. 5.
UV 254 residual rate at inflection point

=33.6x UV 210 +67.94  (4)
[0055] Hence by using the linear approximationhea above Expression (4), the
UV 254 residual rate at the inflection point canelsémated from the UV 210 of
the untreated water, and the UV 254 residual rstienated value A ..0f the
treated water can be set as the target value. pfbeessing corresponds to the
processing in step S105 and step S106 in Fig. 2.
[0056] As described above, the water treatmentr@ppsaccording to
Embodiment 1 is configured to estimate the UV 2&gldual rate of the treated
water from on the UV 210 of the untreated watersuead by the ultraviolet
absorbance measuring instrument, and control tbeeoinjection rate so as to

minimize the difference between this estimated &and the UV 254 residual
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rate. As a result, the ozone injection rate caodmgrolled to an optimum value
based on the UV 210 of the untreated water. Theze¢he ozone injection rate
can be set appropriately in accordance with themguality of the untreated
water and the change in the flow rate thereof.
[0057] Embodiment 2

Fig. 6 is a diagram depicting a configuration efater treatment
apparatus according to Embodiment 2 of this ineentiThe water treatment
apparatus of Embodiment 2 is characterized by did@ian of a first pH
adjustor 20, a water thermometer 21, a first di@sbbzone concentration meter
22, a first aerator 23, and a second pH adjustor 24
[0058] A first untreated water branch pipe 5 ismected to an untreated water
pipe 1 of the water treatment apparatus, and isexiad to a first ultraviolet
absorbance measuring instrument 9 via a first sulggesubstance eliminator 8.
The first pH adjustor 20 is disposed between tts¢ uspended substance
eliminator 8 and the first ultraviolet absorbanceasuring instrument 9. A
second untreated water branch pipe 6, which extieadsthe first ultraviolet
absorbance measuring instrument 9, is connectad tzone treatment tank 2.
[0059] The water thermometer 21 is disposed irottwne treatment tank 2.
The water thermometer 21 may be disposed in theatetd water pipe 1, the
first untreated water branch pipe 5, the seconckatded water branch pipe 6, a
treated water pipe 4, a first treated water brgmph 16, or a second treated
water branch pipe 17.
[0060] The first treated water branch pipe 16 israxted to the treated water
pipe 4 via the first dissolved ozone concentratiater 22. The first treated
water branch pipe 16 is connected to a second/idtea absorbance measuring
instrument 19 via a second suspended substancdaa&tion18 and the first
aerator 23. Further, the second pH adjustor 2dsgosed between the first

aerator 23 and the second ultraviolet absorbanesumag instrument 19. The
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second treated water branch pipe 17, which extiodsthe second ultraviolet
absorbance measuring instrument 19, is connectie tozone treatment tank 2.
[0061] The first dissolved ozone concentration m2&may be disposed in a
position near the treated water exit inside thenezoeatment tank 2, a position
in a subsequent stage of the connection portiondeet the treated water pipe 4
and the first treated water branch pipe 16, orsatioo in a preceding stage of
the second suspended substance eliminator 18 @fsh&eated water branch
pipe 16. Or the first dissolved ozone concentratieeter 22 may be configured
to measure the dissolved ozone concentration aittreated water 3 in the
ozone treatment tank 2.

[0062] Further, in the water treatment apparatesiaing to Embodiment 2, the
measured values measured by the water thermonfetard’the first dissolved
ozone concentration meter 22 are sent to the damil0.

[0063] In Embodiment 2, the second untreated watanch pipe 6 and the
second treated water branch pipe 17 are connextbe bzone treatment tank 2.
By this configuration, the untreated water 3, wluch the ozone was injected,
can flow backward, cleaning the first ultraviol&sarbance measuring
instrument 9 and the second ultraviolet absorbamegsuring instrument 19.
The water treatment apparatus of Embodiment 2 reagobfigured to inject
ozone gas into the first untreated water branch pipr the second treated water
branch pipe 17. Then contamination of the ultreetiabsorbance measuring
instruments 9 and 19 can be removed, and the neasut accuracy of the
ultraviolet absorbance measuring instruments 91&8nchn be maintained.
[0064] The first pH adjustor 20 has a function dguat the pH of the untreated
water 3 to a predetermined pH by adding acid calatlk the untreated water 3.
Thereby the pH of the untreated water 3, measuyeatdébfirst ultraviolet
absorbance measuring instrument 9, can be adjts&8 to 8.5, preferably 7.4
to 7.8.
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[0065] The reason why the pH of the untreated wiatadjusted is because the
absorbances of a substituent group and a functgroalp of a dissolved organic
substance may be changed by a change in the immzatio depending on the
pH. Therefore if the first pH adjustor 20 is ind&d, the ultraviolet absorbance
measurement accuracy improves, and the ozoneioneaette can be controlled
more appropriately.

[0066] Just like the first pH adjustor, the secpitladjustor 24 has a function
to adjust the pH of the treated water to a predetexd value. As a result, the
ultraviolet absorbance measurement accuracy dfélged water improves, and
the ozone injection rate can be controlled moregpyately.

[0067] By disposing the first aerator 23 in theqa@ing stage of the second
ultraviolet absorbance measuring instrument 19o#wome dissolved in the
treated water can be eliminated. The ozone isrebdat a 254 nm wavelength,
hence if ozone remains in the treated water, the26¥/residual rate of the
treated water has a plus error. Therefore by iagréie treated water and
eliminating the dissolved ozone, the accuracy adisneng the UV 254 residual
rate of the treated water can be improved.

[0068] Fig. 7 is a diagram depicting a relationsbfiphe generation amount of
bromate with the water temperature of the untreatzter 3 according to
Embodiment 2 of this invention. The generation ant@f the bromate
indicated in Fig. 7 is a value when the produdhefdissolved ozone
concentration and time is 10 mgZmin™. Pure water was used for the untreated
water 3.

[0069] As depicted in Fig. 7, in the water tempearatrange of 1T to 30C,

the generation amount of the bromate tends to asergvhen the water
temperature is 2@ or more, and the generation amount of the bronagielly
increases when the water temperature beconf&s @5more. Therefore when
the water temperature is Z5or more, ozone treatment is performed in a range

of the ozone injection rate at which dissolved @&mnot detected. Thereby the
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organic substances can be decomposed, and theatien&f bromate can be
suppressed.

[0070] When the water temperature is less tha& 1the generation amount of
the bromate tends to decrease as depicted in Figowever if dissolved ozone
concentration is controlled when the water tempeeeais low, the generation
amount of the bromate is low even if dissolved ezisndetected, but an odorous
substance, such as mold, cannot be sufficientlpdposed. Hence in the low
water temperature period, such as when the wateyemture is 1 or less,

the ozone treatment is performed based on the UM@&dual rate, including
the range of the ozone injection rate at whichal&sl ozone is detected.

[0071] When the ozone treatment is performed irréimge of the ozone
Injection rate at which the dissolved ozone is clet®#, the ultraviolet absorbance
measurement accuracy, by the second ultravioletrbsce measuring
instrument 19, can be improved if the dissolvednezis eliminated from the
treated water, using the first aerator 23 dispasedpreceding stage of the
second ultraviolet absorbance measuring instrui@nt

[0072] Fig. 8 is a flow chart depicting a seriodi®perations of the water
treatment method performed by the water treatmapératus according to
Embodiment 2 of this invention. In the flow chert~ig. 8 according to
Embodiment 2, compared with the above mentiones @bart in Fig. 2
according to Embodiment 1, step S202 to step S&O&dded, which is a
differentiation, and step S102 to step S110 rertte@rsame. These added steps
will be primarily described below.

[0073] In step S201 of the flow chart in Fig. 8isitssumed that the untreated
water 3 is contained in the ozone treatment tardnd,the water treatment
method of Embodiment 2 is started in a state wtier@zone treatment is
performed for the untreated water 3.

[0074] In step S202, the control unit 10 readsnieasured value of the water
thermometer 21, and processing advances to oie dblowing three cases
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depending on the measured value. Case 1 is wkemdter temperature of the
untreated water 3 is 1G or more and less than®5 and in this case
processing advances to step S203, where the comitd O executes the
dissolved ozone concentration constant control atetiProcessing then
advances to step S102.

[0075] Case 2 is when the water temperature ofithieeated water 3 is 26 or
more, and in this case, processing advances t&2@4h, where the control unit
10 controls the ozone injection rate in a rangezoine injection rate at which
residual ozone is not detected in the untreatednat In other words, the
control unit 10 controls the ozone injection ratetsthat the dissolved ozone
concentration becomes the detection lower limitgdly the first dissolved
ozone concentration meter 22 or less. Proceskemgaddvances to step S102.
[0076] Case 3 is when the water temperature ofittieeated water 3 is less than
10°C, and in this case, processing advances to st@p, 8here the control unit
10 substitutes the measured value of the firsbtlissl 0zone concentration
meter 22 for the above Expression (4), so thautie54 residual rate at the
inflection point is estimated, and the ozone ingctate is controlled based on
the estimated UV 254 residual rate. Processing dldeances to step S102.
[0077] In this way, the water treatment apparatie®eding to Embodiment 2
can perform the ozone injection control approplyabased on the respective
measured values by the water thermometer 21 anfitshdissolved ozone
concentration meter 22.

[0078] As described above, the water treatmentrapypsaccording to
Embodiment 2 switches between the dissolved ozoneemntration constant
control method and the ozone injection rate comtrethod based on the
ultraviolet absorbance, depending on the water ¢éeatpre of the untreated
water. Further, by including a means of aeratimguntreated water in a
preceding stage of the second ultraviolet absodbamasuring instrument, the
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ozone remaining in the untreated water can be méitad, and therefore the
ultraviolet absorbance can be measured more aeturat
[0079] Further, the measurement accuracy can beowegd by measuring the
ultraviolet absorbance after adjusting the pH efuhtreated water and the
treated water to predetermined values. By inclgidms configuration, an
optimum ozone injection rate can be implementeacitordance with the water
temperature, the water quality and the changewm fate of the untreated water.
[0080] Embodiment 3

Fig. 9 is a diagram depicting a configuration efater treatment
apparatus according to Embodiment 3 of this inwentiThe water treatment
apparatus of Embodiment 3 is characterized by did@ian of a compact water
treatment apparatus 25. The compact water treatapgaratus 25 can
determine the UV 254 residual rate at the inflecpoint in real-time.
[0081] The compact water treatment apparatus 2énsected to an untreated
water pipe 1 via a third untreated water brancle 2. The compact water
treatment apparatus 25 may be connected to aifitstated water branch pipe 5
or a second untreated water branch pipe 6.
[0082] The first untreated water branch pipe Soisrected to the untreated
water pipe 1 of the water treatment apparatusttamdirst untreated water
branch pipe 5 is connected to a first ultravioled@bance measuring instrument
9 via a first suspended substance eliminator & sdtond untreated water
branch pipe 6, which extends from the first ultcd®i absorbance measuring
instrument 9, is connected to the untreated waper pdisposed in the
subsequent stage of the branch point between tneated water pipe 1 and the
first untreated water branch pipe 5.
[0083] On the other hand, a first treated watenbtingoipe 16 is connected to a
treated water pipe 4, and the first treated watandh pipe 16 is connected to a
second ultraviolet absorbance measuring instrui@nia a second suspended

substance eliminator 18. A second treated watardbr pipe 17, which extends
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from the second ultraviolet absorbance measurisigument 19, is connected to
the treated water pipe 4 disposed in the subsegte of the branch point
between the treated water pipe 4 and the firstddeaater branch pipe 16.
[0084] Fig. 10 is a diagram depicting a configuratof the compact water
treatment apparatus 25 according to EmbodimenttiBi®fnvention. The third
untreated water branch pipe 26 is connected tocdsbspended substance
eliminator 28 via a first selector valve 27. Aased selector valve 30 is
connected in the subsequent staginefthird suspended substance eliminator
28 via a third ultraviolet absorbance measuringrimsent 29. A fourth
untreated water branch pipe 31 and a fifth untceatater branch pipe 32 are
connected to the second selector valve 30.

[0085] A treatment tank 33 is connected to thd fifbtreated water branch pipe
32. A third treated water branch pipe 34, whicteegs from the treatment tank
33, is connected to a second aerator 36 via a detiesolved ozone
concentration meter 35, and is connected to teedelector valve 27 disposed
in the subsequent stage of the second aerator 36.

[0086] A second ozone injector 37 is connectedhéotteatment tank 33.
Instead of the ozone gas generated by the secamd azjector 37, the ozone
gas that branches from a first ozone injector 1§ beaused.

[0087] The compact water treatment apparatus 26dates the untreated water
3 via the third untreated water branch pipe 26,stads ozone treatment. First,
to measure the UV 254 of the untreated water itsteselector valve 27 is
opened in the direction of the third suspendedtanlos eliminator 28, and the
suspended substances in the untreated water Branea¢ed. The third
ultraviolet absorbance measuring instrument 29 agreashe UV 254 of the
untreated water that passed through the third sdggesubstance eliminator 28.
[0088] If the second selector valve 30 is openetiéndirection of the treatment

tank 33 after the measurement, the untreated \Baseintroduced into the
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treatment tank 33. Ozone is injected into thiseated water 3 in the treatment
tank 33 from the second ozone injector 37 at aitrar injection rate.

[0089] After a predetermined time has elapseddibsolved ozone
concentration in the treated water is measuredjussecond dissolved ozone
concentration meter 35, and the dissolved ozoneerdration with respect to
the ozone injection rate is determined. The diexbbzone in the treated water
Is eliminated using the second aerator 36. Tlegdtewater after eliminating
the dissolved ozone is introduced into the thitdamiolet absorbance measuring
instrument 29 via the first selector valve 27. T ige third ultraviolet
absorbance measuring instrument 29 measures tH25W\df the ozone treated
water, and determines the UV 254 residual rate weitipect to the ozone
injection rate.

[0090] The compact water treatment apparatus 26rdictg to Embodiment 3
determines the UV 254 residual rate and the dissbbzone concentration with
respect to an arbitrary ozone injection rate atammore points respectively.
Thereby the relationship of the UV 254 residuat iatd the dissolved ozone
concentration, with respect to the ozone injectair, as depicted in Fig. 3, can
be determined.

[0091] As described above, the setting accuradhi@target value of the ozone
injection rate can be improved by determining thé254 residual rate in real-
time, in parallel with the ozone water treatmestng the compact water
treatment apparatus 25.

[0092] Fig. 11 is a flow chart depicting a serié®perations of the water
treatment method performed by the water treatmgpératus according to
Embodiment 3 of this invention. In the flow chisrtcig. 11 according to
Embodiment 3, compared with the above mentiones @oart in Fig. 2
according to Embodiment 1, step S302 is used idsiéatep S105 and step
S106, which is a differentiation, and the othepsteemain the same. Therefore
step S302 will be primarily described below.
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[0093] In step S301 of the flow chart in Fig. ltlisiassumed that the untreated
water 3 is contained in the ozone treatment tarasin@,the water treatment
method of Embodiment 3 is started in a state wttere@zone treatment is
performed for the untreated water 3.
[0094] In the water treatment method of Embodin&réssentially the same
operations as in the series of operations of Enmbexi 1, which was described
above with reference to Fig. 2, are performed. elmvin Embodiment 3, the
UV 254 residual rate estimated valug,A;0f the treated water is calculated in
real-time in step S302 using the compact watetrtreat apparatus 25, instead
of being estimated from the UV 210 of the untreateder.
[0095] As described above, the water treatmentrapypsaccording to
Embodiment 3 is configured to determine the UV B&gldual rate at the
inflection point of the untreated water in real¢imsing the compact water
treatment apparatus 25. As a result, the ozoeetiop rate can be controlled
more appropriately in accordance with the changbenvater quality of the
untreated water.
[0096] Embodiment 4

Fig. 12 is a diagram depicting a configuratioraafater treatment
apparatus according to Embodiment 4 of this ineentiThe water treatment
apparatus of Embodiment 4 is characterized by nmegsthe spectral light
intensity in at least three locations (the entraamue exit of the ozone treatment
tank 2, and at one or more locations there betweRrgase when ozone gas is
injected into a first tank and a second tank ofudtirstage ozone treatment 2
will be described below as an example.
[0097] In Fig. 12, three pipes that branch fromatexr branch pipe 38 (first
branch pipe 39, second branch pipe 40, and thaddbr pipe 41) are depicted.
The first branch pipe 39 is connected to an urdctatater pipe 1 of an ozone
treatment tank 2. The second branch pipe 40 isaxied so as to extend into

the untreated water 3 at an intermediate poirtiénozone treatment tank 2, and
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the third branch pipe 41 is connected to a treateer pipe 4. A first valve 39a,
a second value 40a and a third valve 41a are didpgaghe first branch pipe 39,
the second branch pipe 40 and the third branch4dpespectively.

[0098] The water branch pipe 38 is connected foeatsal light intensity
measuring unit 42. The measured value by the igddight intensity measuring
unit 42 is sent to a control unit 10 via a cable #8e control unit 10 is
connected to a first ozone injector 11 via a cddle An ozone gas diffuser pipe
14 of the first ozone injector 11 is disposed atlibttom of the first tank and the
second tank of the ozone treatment tank 2 resgdgtiv

[0099] Fig. 13 is a diagram depicting the configiona of the spectral light
intensity measuring unit 42 according to EmbodinenThe spectral light
intensity measuring unit 42 is constituted by aflowltraviolet absorbance
measuring instrument 45, a fourth suspended sutestiminator 46, a fourth
aerator 47, and a water absorption pump 48. Affusrescence intensity
measuring instrument may be used instead of thehfaltraviolet absorbance
measuring instrument 45.

[0100] The tips of the first branch pipe 39, thes® branch pipe 40, and the
third branch pipe 41 are disposed in the untreatgdr 3 in the ozone treatment
tank 2, where a first measurement location 39kecarsd measurement location
40b and a third measurement location 41b are spectively. The untreated
water 3 in each of the measurement locations 39ldlbas sent to the spectral
light intensity measuring unit 42 by a functiontleé water absorption pump 48
when one of the valves 39a to 41a, disposed in pipehconnected to each
measurement location, is opened.

[0101] In the spectral light intensity measuringt 2, suspended substances in
the untreated water 3 are eliminated by the fosu8pended substance
eliminator 46, and the dissolved ozone is elimiddig the fourth aerator 47.
Then the absorbance (UV 254) of the untreated vaaiemeasured by the

fourth ultraviolet absorbance measuring instrundént In the third
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measurement location 41b, the dissolved ozone magdasured by disposing a
dissolved ozone concentration meter 49.

[0102] Alternatively the dissolved ozone concembraimay also be determined
as follows. After eliminating the suspended sutista in the untreated water 3
sampled in the third measurement location 41b, B¥ i2 measured for the first
time in a preceding stage of aeration. Then theeated water 3, after the first
UV 254 measurement, is aerated, and the dissok@akeos eliminated, next
UV 254 is measured for the second time using theliaultraviolet absorbance
measuring instrument 45.

[0103] Then the dissolved ozone concentration isrd@ned from the
difference between the UV 254 measured value ®fitkt time and that for the
second time. In the case of the latter, the digsbbzone concentration can be
measured without installing the dissolved ozoneceatration meter 49, and the
configuration of the apparatus can be simplified.

[0104] Fig. 14 is a flow chart depicting a serié®perations of the water
treatment method performed by the water treatmgpératus according to
Embodiment 4 of this invention. Fig. 15 is a dagrof an experiment result
depicting each relationship of the UV 254 resida& and the dissolved ozone
concentration, with the ozone injection rate, whenuntreated water 3 is
treated with ozone by the water treatment appasstosrding to Embodiment 4
of this invention.

[0105] In Fig. 15, the UV 254 residual rate witlspect to the ozone injection
rate is plotted with black dots, and the dissoleedne concentration with
respect to the ozone injection rate is plotted wulfite triangles. The water
treatment method of Embodiment 4 will be descriimedeetail with reference to
Fig. 14 and Fig. 15.

[0106] Step S102 in Fig. 14 according to EmbodinZeistthe same as the
above mentioned step S102 in Fig. 2 according tbdeéliment 1. And step

S203 in Fig. 14 according to Embodiment 4 is theesas the above mentioned
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step S203 in Fig. 8 according to Embodiment 2. r@loee the steps added in
Embodiment 4 will be primarily described below.

[0107] In step S401 of the flow chart in Fig. ldisiassumed that the untreated
water 3 is contained in the ozone treatment tardnd,the water treatment
method of Embodiment 4 is started in a state wtiere@zone treatment is
performed for the untreated water 3.

[0108] Therefore the following description conceting state after the dissolved
ozone concentration constant control method hasyasched to the water
treatment method of Embodiment 4. Here it is agglthat the water treatment
method of Embodiment 4 is started in a state ws®lved ozone is detected
in the ozone treated water.

[0109] In step S402, the control unit 10 startswia¢er treatment method of
Embodiment 4 when the water temperature is a peet@ted temperature or
more. In the case of a high water temperatur@gesuch as summer time, the
generation of bromate may increase even if theohlied ozone is not detected.
In the following description it is assumed that ffnredetermined temperature is
a water temperature of 25 or more. A case of measuring the absorbance at a
254 nm wavelength (UV 254), using the ultravioles@bance measuring
instrument 45, will be described as an example.

[0110] The spectral light intensity measuring yittaccording to Embodiment
4 measures the absorbance at a 254 nm wavelentgtfeeror more locations in
the ozone treatment tank 2. Here the measuremeastions are assumed to be
the first measurement location 39b at the entrahtiee ozone treatment tank 2,
the second measurement location 40b in an inteateedosition in the ozone
treatment tank 2, and the third measurement lacdtix at the exit of the ozone
treatment tank 2. In the following descriptiorg first measurement location
39D is called the measurement location A, the sttaoeasurement location 40b
Is called the measurement location B, and the thedsurement location 41b is

called the measurement location C.
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[0111] The UV 254 is measured in the measuremeatilans A, B and C, and
the UV 254 residual rate in each location is assutade UV%a, UV%Db and
UV%c respectively.
[0112] When the water temperature iSQDr more, processing advances to
step S102, where the fourth ultraviolet absorbaneasuring instrument 45
measures UV 254 for the untreated water 3 aftestispended substances are
eliminated in the measurement location A, then @semg advances to step
S403. When the water temperature is less tha@,4irocessing advances to
step S203, where the control unit 10 executesigsmlded ozone concentration
constant control method, just like the above mewtbstep S203 in Fig. 8.
[0113] In step S403, the fourth ultraviolet absoddmmeasuring instrument 45
measures the ozone injection rate Ob and UV248haimtermediate location B
in the ozone treatment tank 2, and calculatesasidual rate UV%b.
[0114] In step S404, the control unit 10 createsdange curve, where the
ozone injection rate is X and the UV 254 residag& iis Y, by the linear
function in the following Expression (5), using timeasurement results of the
ozone injection rates at the measurement locaf\aasd B respectively and the
calculation result of the residual rate.

Y=-aX+UV%a (5)
[0115] Further, in step S405, the fourth ultravi@bsorbance measuring
instrument 45 measures the ozone injection ratarddhe UV 254c in the
measurement location C, and calculates the residtealJV%c. Then in step
S406, the control unit 10 substitutes UV%oc for dependent variable Y of the
linear function generated in step S404, and detexsnihe ozone injection rate
Xc as the independent variable X.
[0116] Then in step S407, the control unit 10 datees the ozone injection rate
Xuv using the following Expression (6).

(Ozone injection rate Oc when dissolved ozoneniyllL was detected +

ozone injection rate Xc) / 2
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= ozone injection rate Xuv  (6)

[0117] For the ozone injection rate Oc when thealiged ozone 0.1 mg/L was
detected in the above Expression (6), the ozoretion rate used for the ozone
injection rate constant control method, which wesceted until the control is
switched to the control method of Embodiment 4, lbamsed.
[0118] In other words, in the case of the ozonedtipn rate constant control
method, the ozone injection rate is controlled ghel 0.1 mg/L of the
dissolved ozone is detected in the ozone treatéerwaherefore after the
control is switched to the control method of Emimoeint 4, the ozone injection
rate, which was used in the ozone injection ratestamt control method, can be
used as the ozone injection rate Oc.
[0119] Then in step S408, the control unit 10 fe¢sozone injection rate Xuv
to the ozone injection rate Oc, and continues tAemreatment of Embodiment
4. Then in step S409, the control unit 10 measineslissolved ozone
concentration in the measurement location C, ateraénes whether dissolved
ozone is detected.
[0120] When the dissolved ozone is detected, pedtgsadvances to step S402,
and the control unit 10 repeatedly executes coofrtiie ozone injection rate
according to Embodiment 4. When the dissolved ezsmot detected,
processing advances to step S410, and the comitdl@determines whether
the relationship of the following Expression (7e&ablished between the ozone
injection rate Oc and the ozone injection rate Xc.

Ozone injection rate Oc > ozone injection rate X@)
[0121] When the ozone injection rate Oc satidiiesabove Expression (7), the
control unit 10 returns to step S402, and repegpixtcutes the control of the
ozone injection rate according to Embodiment 4.eWthe ozone injection rate
Oc does not satisfy the above Expression (7), gsaeg advances to step S411,
and the control unit 10 increases the ozone imgactate until the above

Expression (7) is satisfied.

31



[0122] If the water treatment is performed contiasly, the water quality and
the inflow quantity of the untreated water 3 changaerefore when the
dissolved ozone is detected (when the result pf St9 is YES), or when the
relationship of ozone injection rate Oc > ozonedctipn rate Xc of the above
Expression (7) is established (when the resultegyd $410 is YES), the control
unit 10 executes control at each predetermined siones to maintain the current
ozone injection rate.

[0123] The water treatment apparatus accordingnbdfliment 4 measures the
UV 254 in at least three locations (the entranakeadit of the ozone treatment
tank 2 and one or more intermediate points thetwd®n), and a relational
expression is generated based on these measunesselts, whereby the ozone
injection rate is controlled.

[0124] In other words, the water treatment apparaticording to Embodiment
4 estimates an ozone injection rate, at which liby@esof the UV 254 residual
rate with respect to the ozone injection rate lessesing the above Expressions
(5) to (7), and controls the ozone injection rargeting this estimated ozone
injection rate.

[0125] As depicted in Fig. 15, in a high water tergiure period, such as
summer time, an inflection point at which the slgp¢he UV 254 residual rate
with respect to the ozone injection rate lessemslepicted in Fig. 3, exists in
the range of the ozone injection rate at whichal&sl ozone is not detected.
Therefore in such a high temperature period as srtime, the ozone injection
rate is controlled using the UV 254 residual ra&@@a index, then the amount of
ozone required for decomposing organic substarame®e injected into the
untreated water, regardless whether the dissolzedeois detected.

[0126] In the measurement location A, which ishat éntrance of the reaction
tank, the ozone injection rate is 0 mg/L and the2b4 residual rate is 100%.
Therefore the control unit 10 generates the aboyedssion (5) using the UV

254 residual rates in the measurement locationsd®Ba where the UV 254
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residual rate decreases with respect to the oxpeetion rate. Further, the
control unit 10 substitutes UV%c in the measurenaedtion C for Y of the
above Expression (5), and determines the ozonetioferate Xc. The method
for calculating the ozone injection rate using eéhealues will be described
below.

[0127] When the water temperature rises tod26r more, the control unit 10
switches the index to control the ozone injectiaie from the dissolved ozone
concentration to the UV 254 residual rate. Thendbntrol unit 10 sets the
ozone injection rate Xuv by (Xc + Oc) / 2 (corres@s to the above Expression
(6)) using the ozone injection rate immediatelyopefthe switching, that is, the
ozone injection rate Oc at which the dissolved ez@ri mg/L was detected.
Then the control unit 10 controls the ozone ingattiate according to
Embodiment 4, targeting the ozone injection rate.Xu

[0128] In the case when the dissolved ozone isctedlan the measurement
location C, which means that the ozone injectide i®too high, the ozone
injection rate is set using the same procedurbaprocedure immediately after
the control method is switched from the dissolvedn@ concentration control
to the ozone injection rate control of Embodiment 4

[0129] Fig. 16 is a diagram depicting each relatfop of the UV 254 residual
rate and the dissolved ozone concentration, welo#tone injection rate when
the untreated water 3 is treated with ozone byier treatment apparatus
according to Embodiment 4 of this invention anddhkene injection rate at this
time is insufficient.

[0130] In Fig. 16, the experiment result of the B residual rate with respect
to the ozone injection rate is plotted with bladits] and the experiment result
of the dissolved ozone concentration with respethé ozone injection rate is
plotted with white triangles.

[0131] When the ozone injection rate Oc and theneznjection rate Xc are the

same, that is, when UV%c in the measurement lat&ics on the line of the
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linear function of the above Expression (5), ther@zinjection rate is
insufficient. Therefore the control unit 10 incsea the ozone injection rate
until the relationship of ozone injection rate Oozone injection rate Xc is
established.

[0132] In the description on the water treatmembading to Embodiment 4, the
ultraviolet absorbance measuring instrument 45exldor the spectral light
intensity measuring unit 42 as an example, but@é&scence intensity
measuring instrument may be used for the spedatal intensity measuring unit.
In the case of using the fluorescence intensitysmeag unit, the fluorescence
at any wavelength in a 400 nm to 460 nm range sson@d by exciting the
untreated water using the light at any wavelength 200 nm to 370 nm range
which has high correlation with the humic substanoghe untreated water.
[0133] Preferably the fluorescence at a 450 nm Vesagth is measured by
exciting the untreated water using the light a6& @m wavelength. Itis known
that the fluorescence intensity is quenched byotlissl oxygen, temperature,
concentration and coexisting substances. Therafbesn the water treatment
according to Embodiment 4 is performed using flsoesce intensity, a
predetermined concentration of a fluorescent sabsté added to the
measurement sample, and the measured value isags@las a relative value
with respect to the fluorescence intensity of tiéeal fluorescent substance.
[0134] The fluorescent substance is added to dstdad water after the treated
water is aerated and dissolved ozone is eliminaidgk fluorescence intensity
measurement, which is highly correlated to humlzssances, is not affected by
dissolved ozone. However, if dissolve ozone resairthe treated water, the
fluorescent substance added to the ozone treatied may be decomposed by
ozone.

[0135] Therefore the fluorescent substance is atlol#te ozone treated water
after dissolved ozone is eliminated from the oziveated water by aeration.

Thereby decomposition of the fluorescent substagcezone can be prevented.
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Further, the accuracy of the relative evaluatiotheffluorescence intensity can
be increased if suspended substances are elimibetece measuring the
fluorescence intensity.
[0136] The water treatment apparatus accordingnbdfliment 4 measures the
fluorescence intensity in each measurement loc&itnC, calculates the
relative fluorescence intensity in each measuretoeation, then estimates the
ozone injection rate at which the slope of thedwsi rate of the relative
fluorescence intensity with respect to the ozoiection rate lessens, using the
same method as the case of using UV 254. Thecothteol unit 10 controls the
ozone injection rate targeting this estimated ozojeetion rate.
[0137] As described above, the water treatment agk#itcording to
Embodiment 4 uses a configuration to measure tnavislet absorbance or the
fluorescence intensity at a wavelength that isetated to the organic substance
concentration, in a plurality of locations in theoae treatment tank 2.
Therefore the ozone injection rate can be conttotleaccordance with the
water quality of the untreated water in a rangezwhne injection rate at which
dissolved ozone is not detected. Furthermoregémeration of bromate, which
Is a by-product, can be suppressed while decomgpdlsenorganic substances in
the untreated water.
[0138] Moreover, the ozone injection rate can betr@dled in accordance with
the change in water quality and the change in watantity, by switching the
dissolved ozone concentration constant control ateénd the ozone injection
rate control method according to Embodiment 4 ddjpgnon whether the water
temperature of the untreated water is a predetedt@mperature or more.
[0139] Embodiment 5

In Embodiment 5, the ozone injection rate contrdhe case when water
temperature is a predetermined temperature onlididse described. Fig. 17 is
a flow chart depicting a series of operations efwhater treatment method

performed by the water treatment apparatus acaptdiEmbodiment 5 of this
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invention. Fig. 18 is a diagram depicting the demin the UV 254 residual
rate and the dissolved ozone with respect to tbe@mjection rate respectively
when the untreated water 3 is treated with ozorepsiedetermined water
temperature or less, using the water treatmentadedbcording to Embodiment
5 of this invention.

[0140] Embodiment 5 will be described with referemc Fig. 17 and Fig. 18.
The water treatment apparatus of Embodiment 5asacierized by measuring
the spectral light intensity in at least three taw#s (entrance and exit of the
ozone treatment tank 2, and one or more locativere tbetween), and
controlling the ozone injection rate using the UB42esidual rate even if the
ozone injection rate is an ozone injection rat@lath the residual ozone is
detected at a predetermined water temperaturesr le

[0141] Step S102 in Fig. 17 according to Embodinteistthe same as the
above mentioned step S102 in Fig. 2 according tbdeliment 1. Step S203 in
Fig. 17 according to Embodiment 5 is the same @astilove mentioned step
S203 in Fig. 8 according to Embodiment 2. Furtbaps S403 to S406, S410
and S411 in Fig. 17 according to Embodiment 5 la@esame as the above
mentioned steps S403 to S406, S410 and S411 id4igccording to
Embodiment 4. Therefore the steps added in Emberdi& will be primarily
described below.

[0142] In step S501 of the flow chart in Fig. lfisiassumed that the untreated
water 3 is contained in the ozone treatment taradnd,the water treatment
method of Embodiment 5 is started in a state wheome treatment is
performed for the untreated water 3.

[0143] Therefore the following description conceting state after the dissolved
ozone concentration constant control method hasyasched to the water
treatment method of Embodiment 5. Here it is agguthat the water treatment
method of Embodiment 5 is started in a state ws®lved ozone is detected

in the ozone treated water.
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[0144] In step S502, the control unit 10 startsvifager treatment method of
Embodiment 5 when the water temperature is lessdlf@medetermined
temperature. In the case of a low water tempesgiariod, such as winter time,
self-decomposition of ozone is suppressed, hersselded ozone may be
detected at a low ozone injection rate, and the@zequired for decomposing
organic substances may not be sufficiently injeatéalthe untreated water. In
the following description, it is assumed that thedetermined temperature is a
10°C water temperature. A case of measuring the bhroe at a 254 nm
wavelength (UV 254) using the ultraviolet absorlaneeasuring instrument 45
will be described as an example.

[0145] A series of processing operations in stelf3®?3and S403 to S406 in the
flow chart according to Embodiment 5 in Fig. 17 tre same as the above
mentioned flow chart according to Embodiment 4iop E4. Then in step S406,
the control unit 10 determines the ozone injectaie Xc and processing then
advances to step S410.

[0146] Then if the ozone injection rate Oc satstiee above Expression (7) in
step S410, processing returns to step S502, armbtiiel unit 10 repeatedly
executes the ozone injection rate control accortbrigmbodiment 5. If
Expression (7) is not satisfied, on the other h@nogcessing advances to step
S411, and the control unit 10 increases the oageetion rate until the above
Expression (7) is satisfied.

[0147] Then in step S503, the control unit 10 detees whether the
predetermined concentration or less of the dissbbz®ne is detected in the
measurement location C. If the dissolved ozoneeatnation is the
predetermined concentration or less, processingneto step S502, and the
control unit 10 repeatedly executes the ozoneftiojecate control according to
Embodiment 5.

[0148] If the dissolved ozone concentration isthetpredetermined

concentration or less, processing advances toS§6p, and the control unit 10
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decreases the ozone injection rate until the dissobzone becomes the
predetermined concentration or less. Here thegbeechined concentration of
the dissolved ozone detected in the measuremaeatidacC is in a 0.1 mg/L to
2.0 mg/L range, for example. It is preferable thatcontrol unit 10 controls the
dissolved ozone concentration to 0.5 mg/L or less.

[0149] As depicted in Fig. 18, in a low water temgiare period, such as winter
time, an inflection point at which slope of the 294 residual rate with respect
to the ozone injection rate lessens, as depict&whin3, does not exist in the
range of the ozone injection rate at which dissbleeone is detected. This is
because in such a low water temperature periodrasmime, the self-
decomposition speed of ozone is slow, hence diedatzone is detected at a
low ozone injection rate.

[0150] In the measurement location A, which ish&t éntrance of the reaction
tank, the ozone injection rate is 0 mg/L and the2b4 residual rate is 100%.
Therefore the control unit 10 generates the aboyedssion (5) using the UV
254 residual rates in the measurement locationsd?Ba where the UV 254
residual rate decreases with respect to the orpeetion rate. Here if the
UV%c in the measurement location C is substitutedrfof the above
Expression (5) and the ozone injection rate Xceteanined, the relationship of
the above Expression (7) is not established.

[0151] Hence, the control unit 10 increases theneznjection rate in the
measurement location C until the relationship efdbove Expression (7) is
established, and the ozone injection rate is sgutoat which the relationship
of the above Expression (7) is established. Ifdissolved ozone exceeding the
predetermined concentration is detected in the aneagent location C at this
time, the control unit 10 decreases the ozonetiojecate until the dissolved
ozone concentration becomes the predetermined etvatien or less, and sets

the highest ozone injection rate Xuv, at whichrétlationship of the above

38



Expression (7) is established, and the dissolved®becomes the
predetermined concentration or less.

[0152] By using the dissolved ozone concentrat®tha upper limit of the
ozone injection rate like this, the generation antai the bromate does not
increase very much, even if the ozone injectioa i®Bin ozone injection rate at
which dissolved ozone is detected, and both therdposition of the organic
substances and the suppression of the generatlmomiate can be implemented.
[0153] In Embodiment 5, the UV 254 residual ratensasured at an ozone
injection rate at which dissolved ozone is detectElderefore UV 254 is
measured after aerating the sampled untreated @adéiminating the dissolved
ozone. As aresult, the change in UV 254 can barately measured.

[0154] In the case of the dissolved ozone concBotrgonstant control method,
it is unknown whether the amount of ozone requicedlecomposing the
organic substances in the untreated water hasibgeted. In the case of
Embodiment 5, on the other hand, the ozone injectate is controlled using the
UV 254 residual rate, which is correlated with dnganic substances, as an
index, hence the amount of ozone required for dgosimg organic substances
can be injected into the untreated water, regasdidether dissolved ozone is
detected.

[0155] In the description of the water treatmertdarding to Embodiment 5, the
ultraviolet absorbance measuring instrument 45exldor the spectral light
intensity measuring unit 42 as an example, bufltlegescence intensity
measuring instrument may be used for the spedagtal intensity measuring unit.
In the case of using the fluorescence intensitysueag instrument,
fluorescence at any wavelength in a 400 nm to 460@ange is measured by
exciting the untreated water with light at any wiangth in a 200 nm to 370 nm
range, which has high correlation with the humiostances in the untreated

water.
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[0156] Preferably the fluorescence at a 450 nm Vesagth is measured by
exciting the untreated water using the light a6& @m wavelength. Itis known
that the fluorescence intensity is quenched byotlissl oxygen, temperature,
concentration and coexisting substances. Therafbesn the water treatment
according to Embodiment 5 is performed using flsoeace intensity, a
predetermined concentration of a fluorescent sabst&é added to the
measurement sample, and the measured value isat&a@las a relative value
with respect to the fluorescence intensity of tiéeal fluorescent substance.
[0157] The fluorescent substance is added to dsdd water, after the treated
water is aerated and dissolved ozone is eliminaildak fluorescence intensity
measurement, which is highly correlated to humlussances, is not affected by
dissolved ozone. However, if dissolve ozone resairthe treated water, the
fluorescent substance added to the ozone treatied may be decomposed by
ozone.

[0158] Therefore the fluorescent substance is atlnléae ozone treated water
after dissolved ozone is eliminated from the ozieated water by aeration.
Thereby decomposition of the fluorescent substagcezone can be prevented.
Further, the accuracy of the relative evaluatiotheffluorescence intensity in
each measurement location can be increased if sdsgesubstances are
eliminated before measuring the fluorescence iitiens

[0159] The water treatment apparatus accordingnbdfliment 5 measures the
fluorescence intensity in each measurement loc#itmC, calculates the
relative fluorescence intensity in each measuretoeation, then estimates the
ozone injection rate at which the slope of thedwsi rate of the relative
fluorescence intensity with respect to the ozoiection rate lessens, using the
same method as the case of using UV 254. Thecottieol unit 10 controls the
ozone injection rate targeting this estimated ozpjeetion rate.

[0160] As described above, the water treatment agkéitcording to

Embodiment 5 uses a configuration to measure thaiolet absorbance or the
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fluorescence intensity at a wavelength correlat#ld the organic substance
concentration in a plurality of locations in theoae treatment tank 2. Therefore
the ozone injection rate can be controlled in atance with the water quality of
the untreated water.

[0161] Further, in the case when the water tempezas low and the dissolved
ozone is detected at a low 0zone injection ratepttone injection rate required
for decomposing organic substances in the untreeddel can be maintained,
even in a range of ozone injection rate at whigsalved ozone is detected.
[0162] Moreover, the ozone injection rate can betrmdled in accordance with
the change in water quality and the change in wgtantity, by switching the
dissolved ozone concentration constant control ateénd the ozone injection
rate control method according to Embodiment 5, ddpg on whether the
water temperature of the untreated water is lems #ghpredetermined

temperature.
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CLAIMS
[Claim 1] A water treatment apparatus, comprising:

an ozone injection facility configured to injeame gas into a treatment
tank into which untreated water is introduced tstoged therein;

a measuring unit configured to measure a spdghdlintensity of the
untreated water in a plurality of locations in theatment tank by using at least
a first wavelength; and

a controller configured to estimate, for treateatexs, which has been
treated with ozone in the treatment tank or fohlibe treated water and the
untreated water, a residual rate of the spectht Intensity at the first
wavelength, based on measurement results in tnalipjuof locations,
measured by the measuring unit, and control aneoagection rate of the ozone
injection facility by using the estimated residtete.

[Claim 2] The water treatment apparatus of claimhierein

the measuring unit includes:

a first measuring instrument configured to measitraviolet
absorbance at two or more types of wavelengthsdimg the first wavelength
and a second wavelength for the untreated wates totroduced into the
treatment tank; and
a third measuring instrument configured to measitraviolet absorbance at a
first wavelength for the treated water which hasrbgeated with ozone in the
treatment tank, and

when the ozone injection rate is controlled bas®ethe estimated
residual rate, the controller

calculates a residual rate estimated value ofiih@violet absorbance at

the first wavelength of the treated water fromrtieasured value at the second
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wavelength by the first measuring instrument, agtd the calculated value as a
target value,

calculates the residual rate measured value afltreviolet absorbance
at the first wavelength of the treated water byding the measured value at the
first wavelength of the third measuring instrumleypthe measured value at the
first wavelength of the first measuring instrumeartg

controls the ozone injection rate so as to mingaizlifference between
the residual rate estimated value of the ultraviabsorbance at the first
wavelength, which has been set as the target vahaethe residual rate
measured value of the ultraviolet absorbance dirgtevavelength of the

treated water.

[Claim 3] The water treatment apparatus of claimBerein
the first wavelength is 240 nm or more and 27Coniess, and the

second wavelength is 200 nm or more and 230 nmsst |

[Claim 4] The water treatment apparatus of claimhierein

when the plurality of locations are three locasi@onstituted by a first
measurement location that is set at an entrantteedfeatment tank, a second
measurement location that is set in the treatnaarit, tand a third measurement
location that is set at an exit of the treatmenka

the measuring unit includes:

a first measuring instrument configured to measheaultraviolet
absorbance at the first wavelength for the untceatzter in the first
measurement location;

a second measuring instrument configured to medkareltraviolet absorbance
at the first wavelength for the untreated watdhansecond measurement

location; and
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a third measuring instrument configured to meatwailtraviolet absorbance at
the first wavelength for the treated water in thedt measurement location, and

the controller

calculates, as a first residual rate, the resicatel of the ultraviolet
absorbance at the first wavelength of the untreasgdr in the first
measurement location, based on the measured walie first measuring
instrument,

calculates, as a second residual rate, the rdsmbezof the ultraviolet
absorbance at the first wavelength of the untreatgér in the second
measurement location, based on the measured walie Isecond measuring
instrument,

calculates, as a third residual rate, the residualof the ultraviolet
absorbance at the first wavelength of the treata@min the third measurement
location based on the measured value by the the@soring instrument,

generates a linear function derived from the fiesidual rate and the
second residual rate,

calculates an independent variable in the lineaction where the third
residual rate is a dependent variable, and corttnel®zone injection rate based

on the calculated independent variable.

[Claim 5] The water treatment apparatus of claimhierein

when the plurality of locations are three locasi@onstituted by a first
measurement location that is set at an entranteedfeatment tank, a second
measurement location that is set in the treatnasit, tand a third measurement
location that is set at an exit of the treatmenkta

the measuring unit includes:

a first measuring instrument configured to meashedluorescence
intensity at the first wavelength for the untreateter in the first measurement

location; a second measuring instrument configtwedeasure the fluorescence
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intensity at the first wavelength for the untreateter in the second
measurement location; and a third measuring ingntrmonfigured to measure
the fluorescence intensity at the first wavelerfgtithe treated water in the third
measurement location, and

the controller

calculates, as a first residual rate, the resichtal of the fluorescence
intensity at the first wavelength of the untreateder in the first measurement
location, based on the measured value by themiestsuring instrument,

calculates, as a second residual rate, the rdésmbezof the fluorescence
intensity at the first wavelength of the untreateder in the second
measurement location, based on the measured wallne Isecond measuring
instrument,

calculates, as a third residual rate, the residautalof the fluorescence
intensity at the first wavelength of the treatedexan the third measurement
location, based on the measured value by the the@suring instrument,

generates a linear function derived from the fiesidual rate and the
second residual rate,

calculates an independent variable in the lineaction where the third
residual rate is a dependent variable, and corntnel®zone injection rate based

on the calculated independent variable.

[Claim 6] The water repellent apparatus of any oheaims 2 to 5, further
comprising a water thermometer configured to mesmauwvater temperature of
the untreated water, wherein

the controller

controls the ozone injection rate based on a lisdmzone
concentration of the untreated water when the wataperature of the untreated

water is in a first temperature range,
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controls the ozone injection rate so that thealesl ozone
concentration becomes a detection lower limit valukess, when the water
temperature of the untreated water is in a secamgpérature range, where the
temperature is higher than the first temperatungeaand

controls the ozone injection rate based on thesared value of spectral
light intensity when the water temperature of theeated water is in a third
temperature range, where the temperature is Idveer the first temperature

range.

[Claim 7] The water treatment apparatus of claimiBerein

when the water temperature measured by the wageanbmeter is in a
temperature range ofQ or more and less than &0 the controller determines
that
the first temperature range is°@or more and less thanZ5
the second temperature range i5@56r more and less than®0 and

the third temperature range i¥0or more and less than°I)

[Claim 8] The water treatment apparatus of anyaf@aims 2 to 7, further
comprising a suspended substance eliminator foniting a suspended
substance, disposed in both a preceding stage dir$h measuring instrument

and a preceding stage of the third measuring imstni.

[Claim 9] The water treatment apparatus of anyadaims 2 to 8, further
comprising a pH adjustor for adjusting a pH vala desired value, disposed in
both the preceding stage of the first measuringungent and the preceding

stage of the third measuring instrument.

[Claim 10]  The water treatment apparatus of clajiwi®erein
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the pH adjustor adjusts pH values of the untreat&er and the treated
water to desired values, which are in a 7.4 tad@nge.

[Claim 11]  The water treatment apparatus of anyafreaims 2 to 10,
further comprising an aerator for aerating thetaeavater, the aerator being

disposed in the preceding stage of the third m@agurstrument.

[Claim 12]  The water treatment apparatus of anyafredaims 2 to 11,
further comprising a cleaning mechanism configucedean the first measuring

instrument and the third measuring instrument bygi&ater containing ozone.

[Claim 13] A water treatment apparatus, comprising:

an ozone injection facility configured to inje@ome gas into a treatment
tank into which untreated water is introduced tetozed therein;

a first measuring instrument configured to measitraviolet
absorbance at two or more types of wavelengthkjdimg a first wavelength
and a second wavelength, for the untreated watt@dnced into the processing
tank;

a third measuring instrument configured to measitraviolet
absorbance at the first wavelength for the treataer which has been treated
with ozone in the treatment tank;

a controller configured to control an ozone inctrate of the ozone
injection facility, based on measurement resultthieyfirst measuring
instrument and the third measurement instrumeiat; an

a compact water treatment apparatus configurearnmduce the
untreated water, perform ozone treatment thereahcalculate a target value of
the ozone injection rate in real-time, based ossalt of the ozone treatment,
wherein

the controller
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calculates the residual rate measured value afltreviolet absorbance
at the first wavelength of the treated water byding the measured value at the
first wavelength of the third measuring instrumleypthe measured value at the
first wavelength of the first measuring instrumeartg

controls the ozone injection rate so as to mingaidifference between a
target value of the ozone injection rate calculdgthe compact water
treatment apparatus and the residual rate measahael of the ultraviolet

absorbance at the first wavelength of the treataigdnv

[Claim 14] A water treatment method used for a wagatment apparatus
having:

an ozone injection facility configured to injec@ome gas into a treatment
tank into which untreated water is introduced tstoged therein;

a first measuring instrument configured to measitraviolet
absorbance at two or more types of wavelengthkjdimg a first wavelength
and a second wavelength, for the untreated watt@dnced into the treatment
tank;

a third measuring instrument configured to measitraviolet
absorbance at a first wavelength for treated wakech has been treated with
ozone in the treatment tank; and

a controller configured to control an ozone inctrate of the ozone
injection facility, based on measurement resultghieyfirst measuring
instrument and the third measuring instrument,

the method, executed by the controller, comprising

a step of calculating a residual rate estimatdalevaf ultraviolet
absorbance at a first wavelength of the treateémieam the measured value at
the second wavelength by the first measuring ingnt, and setting the

calculated value as a target value;
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a step of calculating a residual rate measuragevail the ultraviolet
absorbance at the first wavelength of the treata@mby dividing the measured
value at the first wavelength of the third measyiimstrument by the measured
value at the first wavelength of the first measgiiimstrument; and

a step of controlling the ozone injection rateasdo minimize a
difference between the residual rate estimatedevaduhe ultraviolet
absorbance at the first wavelength, which has beeas a target value, and the
residual rate measured value of the ultraviolebdimnce at the first wavelength

of the treated water.

[Claim 15] A water treatment method used for a wagatment apparatus
having:

an ozone injection facility configured to inje@ome gas into a treatment
tank into which untreated water is introduced tctozed therein;

a first measuring instrument configured to measuspectral light
intensity at a first wavelength for the untreateatav in a first measurement
location which is set at the entrance of the treatrntank;

a second measuring instrument configured to measagpectral light
intensity at the first wavelength for the untreateater in a second measurement
location which is set inside the treatment tank;

a third measuring instrument configured to meathwespectral light
intensity at the first wavelength for treated watanich has been treated with
ozone in the treatment tank in a third measuretoeation which is set at an
exit of the treatment tank; and

a controller configured to control an ozone inm@ttrate by the ozone
injection facility, based on measurement resultthieyfirst measuring
instrument, the second measuring instrument, amthind measuring
instrument,

the method executed by the controller comprising:
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a step of calculating, as a first residual rateesadual rate of a spectral
light intensity at the first wavelength of the wdted water in the first
measurement location, based on the measured walie first measuring
instrument;

a step of calculating, as a second residual aatesidual rate of the
spectral light intensity at the first wavelengthtloé untreated water in the
second measurement location, based on the measluedby the second
measuring instrument;

a step of calculating, as a third residual rdte residual rate of the
spectral light intensity at the first wavelengthtloé treated water in the third
measurement location, based on the measured walhe hird measuring
instrument;

a step of generating a linear function derivednftbe first residual rate
and the second residual rate;

a step of calculating an independent variabl&énlinear function where
the third residual rate is a dependent variabld; an

a step of controlling the ozone injection ratesdzhon the calculated

independent variable.
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