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processor, between the ozone processor and the
biological treatment subsystem, and at the
downstream of the biological treatment subsys-
tem; and a controller, which is configured to re-
ceive the at least one indication signal from the
at least one water quality parameter indicator,
and determines in real time the optimal dosage
of ozone according to the at least one indication
signal, wherein the ozone generator doses ozone
to the ozone processor based on the optimal
dosage determined by the controller.
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AUTOMATIC CONTROL SYSTEM FOR OZONE DOSING IN THE
COMBINATION OF OZONE AND BIOTREATMENT PROCESS

TECHNICAL FIELD
The present invention relates to a water treatment system, specifically
relates to the automatic control of dosing ozone for water treatment, and
particularly relates to an automatic control system for dosing ozone in a
combined ozone-biological treatment process in industrial wastewater

treatment.

BACKGROUND ART

Along with the more and more strict requirements of the government for
energy saving and emission reduction in industrial production, the tertiary
treatment of industrial wastewater is in need of the support from new
technologies in two aspects, namely meeting emission standards and reuse of
reclaimed water. Ozone is a highly efficient oxidant widely used in the
disinfection and sterilization of drinking water, and owing to its special
oxidation performance, ozone has nowadays become one of the best choices
for removing refractory organic substances in industrial wastewater. However,
the preparation of ozone is not cheap, and requires consumption of electric
energy and feed gas (air or oxygen). Thus, with regard to the refractory
organic substances in industrial wastewater, a key direction in research and
development of the tertiary treatment of industrial wastewater is how to
economically and effectively utilize ozone to remove organic substances,
allowing it to meet emission standards and become recyclable.

During the oxidation of organic substances, ozone usually firstly
oxidizes the organic substances into aldehyde, ketone and alcohol substances
in a stepwise manner, and then performs further mineralization. Due to the

production of small organic molecules, the oxidation efficiency of ozone is
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gradually reduced along with the oxidation process. In engineering practices,
for the combined process of ozone and biological treatment, just the strong
oxidization property of ozone is utilized to oxidize the refractory organic
substances to obtain readily biodegradable organic intermediates, and then
further remove the produced organic intermediates by the degradation
function of the biological treatment. Such combined ozone-biological
treatment process utilizes the respective advantages of ozone and the
biological treatment, such that economic and effective removal of refractory
organic substances is made possible.

However, in the combined ozone-biological treatment process, the
dosage of ozone is a very critical parameter. Since in the industrial application
of the combined ozone-biological treatment process, the water quality of each
system is different and design parameters are different, it is very critical to
find the optimization value of the dosage of ozone. If the dosage is too small
or large, the effect of the post-stage biological treatment can be affected,
thereby affecting the treatment effect of the overall combined process and
increasing the operating costs etc. Therefore, in the engineering practices, the
control of the optimal ozone dosage is an important factor in
determining whether the combined ozone-biological treatment process can be
successfully spread and applied in the market of tertiary treatment of
industrial wastewater.

At present, in the application of ozone in industrial wastewater treatment,
technical solutions implementing on-line control of the ozone dosage are very
few. Since the industrial wastewater quality fluctuation is relatively high, if
ozone dosing is controlled according to the specific conditions of
the wastewater quality, and the oxidation level is correspondingly adjusted to
ensure the effectiveness if the subsequent biochemical stage, then great saving
of the operating cost can be achieved and the optimized control of the overall

treatment system is achieved. The on-line dosing of ozone can be controlled
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by adopting different parameters, including ozone residual concentration in
tail gas or water and characterizing pollutant concentration in water. In the
combined ozone-biological treatment process, the concentration of the
organic substance and the biodegradability are indicators of most interest, so
direct monitoring of the concentration of the organic substance in wastewater
is one of the optimal methods for directly controlling the ozone dosage.

Optical detection methods for measuring organic substance content
in water have special technical advantages of their own: using a simple
system, and no need of dosing chemical reagents; rapid measurement, and
high reading reliability; relatively-low operation and device investments, etc.
Most of the optical detections for organic substances adopt the ultraviolet
absorption method, and there are many related commercially available
products. Compared with ultraviolet absorption methods, fluorescence
analysis is more sensitive, and has lower device costs.

Although an automatic control system can bring many additional values
for the combination of the ozone-biological system, practical application of
on-line control of the ozone-dosing system by water quality information is
still rare in industrial wastewater treatment at present. The reasons lie in the
following two aspects: one is the limitation to the application of the
ozone-biological system in the wastewater tertiary treatment field in the prior
art due to factors such as costs and control precision, and the other one is the
lack of suitable and reliable on-line sensors.

There are some patents and commercial products related to automatic
control devices for dosing ozone based on the monitoring of the concentration
of water pollutants, most of which are based on ultraviolet absorption as the
principle. The monitored indicator is the absorption constant of a sample at
the wavelength of 254 nm. UV 254 is a commonly used principle of optical
sensors for monitoring the organic substances in water, with the advantages of
high correlation, simple operation and easy implementing of continuous

operations, but the ultraviolet absorption needs relatively-precise light sources,
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as a result, these sensors generally have high costs, and insufficient sensitivity
as compared with fluorometers used in the fluorescence analysis.

For example, Japanese patent application publication JP H3-56196
discloses a control device for the injection amount of ozone in a water
treatment device, wherein ozone is used for removing odor substances
in water, and an ultraviolet absorption photometer is used to monitor the
concentration of organic substances in water.

In another example, Japanese patent application publication JP
H8-318285 discloses an ozone treatment method and device for
high-level water purification treatment, wherein the ultraviolet absorption
photometer is also used to monitor the concentration of organic substances
in water.

In more another example, Japanese patent application publication JP
H6-269786 discloses a control method for the injection amount of ozone
in a water treatment process, wherein ozone was used for removing odor
substances in water, and a TOC (total organic carbon) analyzer is used for
determining the total organic carbon (TOC) concentration in water.

Some related patents utilizing fluorescence as the indicator for
controlling the automatic ozone dosing are as follows:

for example, Japanese patent application publication JP H10-43776
discloses a control system for an ozone injection device, wherein a
fluorescence analyzer is used to detect the organic substance
concentration in water, but the objective of the dosing of ozone is to
reduce the production of trichloromethane.

In another example, US patent application US2004/0045880 Al
discloses a water treatment control system using a fluorescence
analyzer, wherein a fluorescence analyzer is used to detect the
concentration of the organic substances in water, but the objective of the
dosing of ozone is also to reduce the production of trichloromethane.

Specifically, trichloromethane is a by-product in sterilization, which is

4
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harmful to human health and produced by reaction of different organic
components with chlorine during the treatment process of drinking water. It
can be seen that, the above Japanese patent application publication JP
H10-43776 and US patent application US2004/0045880 A1 discloses
technical solutions for controlling the dosage of ozone in the
drinking water to reduce trichloromethane, but neither consider nor solve
the problem of the on-line optimization of the dosage of ozone under the
condition of the fluctuation in industrial wastewater quality.

In addition, the above technical solutions use the fluorescence
monitoring technique to automatically control the dosage of ozone. The
specific dosage of ozone is only directly corresponding to the fluorescence
reading. In the systems of these patents, there is only a single ozone oxidation
step, and the combined ozone-biological treatment process is not used. If the
single ozone oxidation step is used for treating wastewater, for meeting
the wastewater emission standards, a very large amount of ozone is consumed
so it is not a feasible method for wastewater tertiary treatment.

Therefore, there is a need for a water treatment system in the prior
art, which can optimize the dosage of ozone in the combined ozone-biological
treatment process, thereby improving overall treatment efficiency and

reducing operating costs.

SUMMARY OF THE INVENTION
An objective of the invention is to provide a water treatment system,
to solve the above problems in the prior art particularly in
industrial wastewater treatment, thereby to optimize the dosage of ozone
in the combined ozone-biological treatment process, improve overall
treatment efficiency of water treatment and reduce operating costs.
In one aspect of the present invention, a water treatment system is

provided, which comprises an ozone treatment subsystem which utilizes
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ozone to treat water, and a biological treatment subsystem, which is arranged
at the downstream of the ozone treatment subsystem and treats water by a
biological treatment process, wherein the ozone treatment subsystem
comprises an ozone generator, which generates ozone to be dosed into
the water flow to be treated; an ozone processor, which treats water with
ozone and outputs the ozone-treated water to the biological treatment
subsystem; at least one water quality parameter indicator, for acquiring at
least one indication signal with correlation to the water quality parameters of
the water to be measured, and arranged in at least one of the following
positions: at the upstream of the ozone processor, between the ozone
processor and the biological treatment subsystem, and at the downstream of
the biological treatment subsystem; and a controller, which is configured
to receive said at least one indication signal from said at least one water
quality parameter indicator, and determines in real time the optimal dosage of
ozone according to the at least one indication signal, wherein the ozone
generator doses ozone to the ozone processor based on the optimal dosage
determined by the controller.

The combined ozone-biological treatment process as a tertiary treatment
method in industrial wastewater treatment, has very high technical feasibility,
particularly for refractory organic substances, wherein the combined
ozone-biological treatment process changes the biodegradability thereof by
ozone oxidation, and further reduces the organic substance content by
economic and effective biological treatments, such that emission indicators
such as chemical oxygen demand (COD) and total organic carbon (TOC)
meet the requirements. In the combination, the dosage of ozone determines
the daily operating costs, and the production of ozone requires consuming
oxygen gas and electric energy; if the dosage of ozone can be minimized, the
application prospect of the combined process can be greatly improved. With
the present invention, the dosage of ozone can be saved, and the operating

cost is reduced, such that the combined ozone-biological treatment process
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can be widely used in industrial wastewater treatment.

As to the treatment mode of the combined ozone-biological treatment
process per se and the characteristics of industrial wastewater, the
minimization of the dosage of ozone can be considered from the following
two aspects: the first one is to correspondingly regulate the dosage of ozone
according to the fluctuation in the water quality of inlet water. Due to the
fluctuation of industrial production, the concentration of organic substances
in wastewater fluctuates. The dosage of ozone is regulated according to the
concentrations of the organic substances, which can maximally reduce the
operating costs. The second one is to regulate the dosage of ozone according
to the biodegradability of the ozonized wastewater, thus ensuring refractory
organic substances are converted into biodegradable chemical compositions
during the ozone oxidation stage. If the dosage of ozone is insufficient, the
biodegradability of the outlet water will be insufficient, as a result the
biological treatment in the post-stage may not meet the predetermined target,
and the overall system treatment efficiency is low; If the dosage of ozone is
excessive, then although the concentration of the organic substances is
reduced, biodegradable BOD is undesirably reduced when the dosage of
ozone is excessive, such that the treatment effect of the biological stage is not
good; even if the organic substances during the overall treatment meet the
determined target, the operating costs are relatively high due to the excessive
dosing of ozone.

Although the fluctuation of the industrial wastewater quality as described
above hinders the application of techniques of the on-line control of the
dosage of ozone in the ozone-biological system in the field of
industrial wastewater treatment, but it is believed that, in certain industries,
such as papermaking, pulping, coking and petrochemical industries, if a
reliable automatic control platform can be realized and the dosage of ozone is
regulated according to the water quality and the post-stage biodegradation
conditions, thereby achieving the minimization of the operating costs, then the

7



10

15

20

25

30

WO 2014/186167 PCT/US2014/036827

application prospects of the combined process of the ozone-biological
treatment for waste water treatment can be greatly enhanced.

Therefore, the technical solution of the present invention can monitor in
real time the water quality indicators in the middle stage of the combined
process, to ensure the normal operation of the biological treatment stage, and
the outlet water meeting the requirements for water quality indicators.

Alternatively, each of said at least water quality parameter indicator is a
fluorometer or an ultraviolet absorption photometer, and correspondingly
each of said at least one indication signal is a fluorescence signal or an
ultraviolet absorption luminosity signal. Said water quality parameters can be
one or more of chemical oxygen demand (COD), biological oxygen demand
(BOD), the ratio of biological oxygen demand (BOD)/chemical oxygen
demand (COD), or total organic carbon (TOC). However, the fluorescence
signals for organic substances have good correlation with the biodegradability
of the organic substances. Therefore, for certain industrial wastewater, by
using an appropriate excitation wavelength, a fluorescence signal of good
correlation with the concentration of the organic substance can be obtained.
The use of the fluorescence signal to control the dosage of an oxidant in
the ozone stage in the combined ozone-biological treatment process, can
improve the efficiency of the organic substance removal during the
overall combined process, thereby reducing the operating costs. At the
same time, with regard to the characteristic of a relatively high fluctuation
in water quality of the industrial wastewater, using the on-line technique to
monitor the treatment effect also improves the engineering stability, ensuring
the predetermined treatment effect is achieved. In addition, the fluorometer
has low manufacture costs, is convenient to use, and preferably is suitable as
a  wastewater  quality  monitoring  sensor.  Particularly,  the
excitation wavelength of the fluorescence signal used in the water treatment
system of the present invention is 360-380 nm, preferably 365 nm and, thus
the same fluorometer can be used in industrial wastewater from different

8
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industries, thereby reducing the production and application costs of the
system according to the present invention.

Said water treatment system establishes a correlation equation
representing the correlation between the water quality parameters and the
indication signals for the wastewater to be treated, such that said controller
determines the corresponding water quality parameters with said at least one
indication signal according to said correlation equation, and thereby further
determines the optimal dosage of ozone according to the determined water
quality parameters. In one preferred embodiment, a first water quality
parameter indicator is arranged at the upstream of the ozone processor, and
said controller determines corresponding water quality parameters with a first
indication signal acquired by the first water quality parameter indicator
according to said correlation equation, and thereby further determines the
optimal dosage of ozone according to the determined water quality parameters.
In another preferred embodiment, a second water quality parameter indicator
is arranged between the ozone processor and the biological treatment
subsystem, and said controller determines corresponding water quality
parameters with a second indication signal acquired by the second water
quality parameter indicator according to said correlation equation, and thereby
further determines the optimal dosage of ozone according to the
determined water quality parameters. In yet another preferred embodiment,
the first water quality parameter indicator is arranged at the upstream of the
ozone processor, the second water quality parameter indicator is arranged
between the ozone processor and the biological treatment subsystem, and said
controller determines corresponding water quality parameters with the first
indication signal acquired by the first water quality parameter indicator and
the second indication signal acquired by the second water quality parameter
indicator according to said correlation equation, and thereby further
determines the optimal dosage of ozone according to the determined water

quality parameters. In further another embodiment, the first water quality
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parameter indicator is arranged at the upstream of the ozone processor, the
second water quality parameter indicator is arranged between the ozone
processor and the biological treatment subsystem, a third water quality
parameter indicator is arranged at the downstream of the biological treatment
subsystem, and said controller determines corresponding water quality
parameters with the first indication signal acquired by the first water quality
parameter indicator, the second indication signal acquired by the second water
quality parameter indicator and a third indication signal acquired by the
third water quality parameter indicator according to said correlation equation,
and thereby further determines the optimal dosage of ozone according to the
determined water quality parameters.

In the present invention, the correlation of the water quality parameters
and the indication signals can be determined by laboratory measurement data
or data obtained by on-line measurement and can be represented by a
correlation equation. Moreover, in the present invention, the treatment effect
of the ozone stage and the biological stage in various control schemes can be
synthetically considered to obtain the optimal dosage of ozone, thereby to
realize the globally optimized control of the system performance and costs,
rather than only the locally optimized control of the ozone stage.

Preferably, the water treatment system of the invention is an
industrial wastewater tertiary treatment system, and said ozone processor
treats water with ozone for the ozonization of refractory organic substances.
Said water treatment system is applied for treating industrial wastewater of
papermaking, pulping, coking and/or petrochemical industries. Particularly,
the system of the invention can effectively reduce the cost and improve the
control precision in the combined ozone-biological treatment process of the
industrial wastewater tertiary treatment.

In one preferred embodiment of the invention, said controller

self-adaptively updates said correlation according to the change of the at least
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one indication signal received from said at least one water quality parameter
indicator, such that said controller can determine the optimal dosage
corresponding to the change of water quality in response to the change
of water quality. Thus, the on-line control of the ozone dosage can adapt to
the change of the quality of the water to be treated, thereby ensuring stable
outlet water quality and reducing the cost of manual calibration. Said system
also can comprise a memory for storing the empirical data of the
correlation between the type of the water to be treated and the
concentration of the organic substance; and said controller automatically
determines and self-adaptively updates said correlation based on the type
of the water to be treated selected by a user of said system. By using the
empirical data corresponding to different industries, the water treatment
system of the invention can select the empirical data of the water type close to
the water to be treated as the initial data for optimizing the dosage of ozone,
thereby shortening the time required by the optimization, and reducing the
costs for deploying the water treatment system of the present invention.

A pre-stage treatment subsystem is provided at the upstream of said
ozone oxidation subsystem, and a post-stage treatment subsystem is
provided at the downstream of said biological treatment subsystem. Said
ozone treatment subsystem further comprises one or more additional
treatment units, and said additional treatment unit is arranged at the
downstream of the ozone treatment unit and the upstream of the biological
treatment subsystem, and said additional treatment unit comprises one or
more of a pH value regulation unit, a hydrogen peroxide treatment unit and an
ultraviolet light treatment unit, wherein: said at least one water quality
parameter indicator is further arranged at the upstream or downstream of said
one or more additional treatment units.

At the same time, said water treatment system can acquire necessary
operation information of the wastewater treatment process, and can perform

data transmission with the centralized control center of a wastewater
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treatment plant, facilitating to the realization of the global control of
the wastewater treatment plant for the treatment of various
industrial wastewater.

Said controller further additionally takes into account the technical
parameters of the ozone generator to determine in real time the optimal
dosage of ozone, so as to balance the yield of the ozone generator and the
ozone dosing demand in the optimized control. For example, said technical
parameters can be the amount of the ozone generated by the ozone generator,

the supply amount of air or oxygen gas, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of a water treatment system including an
ozone oxidation stage and a biological treatment stage and using a combined
ozone-biological treatment process;

Figure 2 is a system block diagram of a water treatment system using a
combined ozone-biological treatment process according to one embodiment
of the present invention;

Figure 3 is a simplified schematic diagram showing the control of the
dosage of ozone according to one embodiment of the present invention;

Figure 4 is a simplified schematic diagram showing the control of the
dosage of ozone according to another embodiment of the present invention;

Figure 5 is a curve chart showing the changes of chemical oxygen
demand (COD) and biological oxygen demand (BOD) as functions of the
dosage of ozone in a combined ozone-biological treatment process;

Figure 6 is a chart showing the relationship between a COD signal and
an F fluorescence signal in one embodiment of the present invention; and

Figure 7(A)-7(C) are synchronous fluorescence spectra of
industrial wastewater, showing the responses of industrial wastewater to

different types to fluorescence signals of different excitation wavelengths.
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DETAILED DESCRIPTION

In the following, the particular embodiments of the invention will be
described in detail with reference 1o the drawings. It should be understood
that, the description of the particular cmbodiments are intended o
iffustratively explain the principle of the present invention and features, such
as exemplary stractures and methods. Those skilled in the art should
understand that, the embodiments of the present invention are not Hmited 1o
the particular embodiments described herein, but comprise all embodiments
falling into the scope of the claims in the present apphcation.

Figure 1 is a schematic diagram of a water treatment system 100
including an ozone oxidation stage and a biological treatment stage and using
a combined ozone-biological treatment process. As itiusiratively shown in the
figure 1, a combined ozone-biological treatment process generally comprises
but not limited to the following treatments:

a pre-stage treatment 101 generally includes a primary treatment and a
secondary (biochemical) treatment of wastewater. In the primary treatment,
solid pollutants in a suspension state is removed from wastewater mostly by
physical treatment methods, and in the secondary treatment, organic
pollutants usually is substantially removed from wastewater by biochemical
methods. Preferably, the ozone oxidation stage and the biological treatment
stage can be part of the tertiary wastewater treatment. The task of the tertiary
treatment generally is to further remove pollutants which are not removed in
the secondary treatment, particularly refractory organic substances in
industrial wastewater.

An ozone oxidation stage 102 usually executes a high-level oxidation
process on the basis of ozone, and can comprise appropriate pH value
regulation, and a high-level oxidation process formed with other oxidants

(such as hydrogen peroxide) or units (such as UV), etc.

13



10

15

20

25

WO 2014/186167 PCT/US2014/036827

A biological treatment stage 103 usually performs biological aerobic
treatment to low-concentration organic substances, such as a biological
aeration tank, etc.

The post-stage treatment 104 can be filtration on the basis of membrane
materials, such as reverse 0sSmosis membranes.

Figure 2 is a system block diagram of a water treatment system 200
using a combined ozone-biological treatment process according to one
embodiment of the present invention. In the embodiment shown in figure 2, as
an example, the upstream treatment process 201 can comprise the primary
treatment and the secondary treatment of wastewater. The water treatment
system 200 further comprises: an ozone treatment subsystem 202, which
treats water with ozone, and a biological treatment subsystem 203, which is
arranged at the downstream of the ozone treatment subsystem, and
treats water with a biological treatment process. As a non-limiting example,
the biological treatment subsystem may further comprise a fluidized bed
bioreactor 221 and/or a biological aerated filter tank 222. The ozone treatment
subsystem comprises: an ozone generator 214, which generates ozone to be
dosed into the water flow to be treated with oxygen gas supplied by an
oxygen gas source 211 as raw material; it should be understood that the
oxygen gas source can supply air or pure oxygen gas according to
requirements; an ozone processor 215, which treats water with ozone, and
outputs the ozone-treated water to the biological treatment subsystem 203,
and as a non-limiting example, the ozone processor in the example is
embodied as an oxidation tank; a first fluorometer and a second fluorometer
as the water quality parameter indicators arranged respectively at the
upstream and the downstream of the ozone processor 215, for acquiring at
least one indication signal 218, 220 with correlation to the water quality
parameters of the water to be measured, and a controller 216, which is

configured to receive fluorescence signals from the first and/or the second
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fluorometers, and determines in real time the optimal dosage of ozone
according the at least one indication signal 218, 220, wherein: the ozone
generator 214 doses ozone to the ozone processor 215 based on the
optimal dosage determined by the controller 216. These skilled i the art
should understand that, the water gquality parameters may include but not
limited to one or more of chemical oxyaen demand (COD), hiclogical oxygen
demand (COD), the ratic of biclogical oxygen demand (COD/chemncal
oxygen demand (COD), or total organic carbon (TOC),

Figure 3 is a simplified schematic diagram showing the control of the
dosage of ozone on the basis of water quality parameters in a water treatment
system 300 according to one embodiment of the present invention. As an
example rather than limitation, in a control method of the dosage of ozone
according to the present invention, a correlation equation f1(COD-1) using
COD-1 of the inlet water in the ozone oxidation stage 302 as a variable
can be used as the control signal of the dosage of ozone. Alternatively, the
correlation equation f1(B/C-2) using the ratio of biological oxygen demand
(BOD)/chemical oxygen demand (COD) B/C-2 of the outlet water in the
ozone oxidation stage 302/the inlet water in the biological treatment stage
303 as a variable can be used as the control signal of the dosage of ozone.
In addition, the correlation equation f2(COD-1, B/C-2) using COD-1 and
B/C-2 as common variables can also be used as the control signal of the
dosage of ozone.

Figure 4 further illustrates the simplified schematic diagram of the
control of the dosage of ozone based on water quality parameter indication
signals on the basis of the figure 3. Figure 4 shows an embodiment in which
said water quality parameter indicators are arranged at the upstream of the
ozone processor, between the ozone processor and the biological treatment
subsystem, and the downstream of the biological treatment subsystem. Those
skilled in the art can understand that the water quality parameter indicators

can also be arranged in one or two of the three positions as described above.
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When the water quality parameter indicators are arranged at the upstream of
the ozone processor and between the ozone processor and the biological
treatment subsystem, the structure as shown in figure 2 can be used.

In the embodiment as shown in figure 4, the correlation equation can be
obtained from the two parameters COD-1 and B/C-2 as the control variables
by fluorescence signals F-1, F-2 and F-3 at three different detection points. In
an embodiment, the correlation equations are as follows:

COD -1 =f1(F-1);

COD-2 = f1(F-2);

In addition, COD-3 can be used as an alarm signal, and COD -3 =
f2(F-3).

Moreover, the correlation equation between the ratio of biological
oxygen demand (BOD)/chemical oxygen demand (COD) and the
fluorescence signal can also be established, for example B/C-2 = f3(F-1,
F-2, F-3).

It should be noted that the form of expression of the specific correlation
equation may be different due to system, water quality, and the type of
pollutants, etc. For example, as shown in figure 4, the correlation equation
COD-1 = f1(F-1) between the fluorescence signal F1 and the COD signal
COD -1 is the same as the correlation equation COD-2 = f1(F-2) between the
fluorescence signal F2 and the COD signal COD -2, but is different from the
correlation equation COD-3 = f2(F-3) between the fluorescence signal F3
and the COD signal COD-3. Those skilled in the art should understand that, in
different embodiments of the present invention, correlation equations
between other water quality parameters such as BOD, B/C or TOC and the
fluorescence signal can be established, and correlation equations between
multiple water quality parameters and the fluorescence signal can be
established without departing from the scope of the present invention. In

addition, on-line control of the dosage of ozone can also be specifically
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implemented, according to the technical parameters of an ozone generator, etc.
Usually, for each wastewater system, there is a need to establish a particular
control method, i.e. a correlation equation, and the correlation between
the water quality parameters (e.g. COD) and the fluorescence signal can be
achieved by performing experiments on the water sample of wastewater to be
treated.

In the combined ozone-biological treatment process, a fluorescence
analysis probe is used to automatically control the dosage of ozone, according
to the intensity of the fluorescence signal in water and correlation of the
fluorescence signal with the concentration and biodegradability of organic
substances in water. In the example as described above, the fluorescence
signal can be detected in the inlet water of the ozone process stage, and the
correlation equation is obtained according to the fluorescence signal and the
concentration of the organic substance (COD) in water. In actual engineering
practices, the treatment effect of the post-stage biological stage can also be
used as one of the parameters, and a control function y = f(x) can be
synthetically obtained. This control function comprises two variables:
variable y being the dosage of ozone, and it is capable of communicating with
the controller of the ozone generation system, thereby to realize the on-line
control of the dosage of ozone. The other variable x i.e. is the fluorescence
signal in the water (can be one or more fluorescence signals). Usually, the
function f(x) used in each wastewater treatment system is required to be tuned
in the actual systems, and is synthetically obtained by combining the
concentration of the organic substance in water and the post-stage biological
treatment effect. If the ozone oxidation system also comprises other treatment
modules, such as additional treatment processes of pH regulation, hydrogen
peroxide and ultraviolet light, and these additional treatment processes can
also be controlled simultaneously by using the fluorescence signals.

The experiment carried out by the present inventors based on

a wastewater shows that, in the ozonization process, there is a very good
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correlation between the fluorescence signal of the wastewater sample with the
concentration of the organic substance (represented by chemical oxygen
demand (COD)). The results are shown as in figure 7 below, and the
fluorescence signal is obtained by actual on-line measurement of a NALCO
3DT fluorometer.

Figure 5 is a curve chart showing the change of chemical oxygen
demand (COD) and biological oxygen demand (BOD) as functions of the
dosage of ozone in a combined ozone-biological treatment process. In figure 5,
the chemical oxygen demand of wastewater is represented by curve 501, and
the biodegradability of wastewater is represented by curve 502. As shown in
figure 5, along with the increase of the dosage of ozone, the biodegradability
presents a trend of first increasing and then decreasing. Therefore, the dosage
of ozone corresponding to the maximum value of BOD is the optimal dosage.
At the dosage, the optimal balance between the treatment effect and the cost
of the ozone treatment subsystem and the biological treatment subsystem at
the downstream can be achieved.

Figure 6 is a chart showing the relationship between a COD signal and
an F fluorescence signal in another embodiment of the present invention. In a
combined ozone-biological treatment process, the water treatment system of
the present invention automatically controls the ozone dosage of the ozone
oxidation stage based on the on-line fluorescence signal of wastewater. Thus,
it is important to determine and update the correlation between COD and the
fluorometer reading i.e. the fluorescence signal with respect to different water
types and the change of water quality. According to the embodiments of the
invention, the correlation can be determined by the laboratory measurement
data or the data obtained by on-line measurement, and can be expressed by a
correlation equation, and the control of the dosing of ozone can be realized
based on the determined correlation equation. In figure 6, the ordinate
represents the COD signal using part per million (ppm) as the unit, and the
abscissa represents the fluorescence signal expressed by the fluorescence
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count. As shown in figure 6, on the basis of the laboratory measurement
data and the data obtained by on-line measurement, the correlation equation
between the fluorescence signal and COD can be obtained, and in this
example, a polynomial expression Poly.(COD-1=f(F-1)) of the correlation
equation COD-1=f1(F-1) is obtained by fitting between COD-1 and F-1
data obtained from laboratory measurement and on-line measurement, and
specifically the correlation equation is:

COD=-0.0001(F)*+0.2687(F)+57.253

wherein discriminant coefficient R*=0.7005 indicates that there is very
good correlation between the COD signal and the fluorescence signal.
Those skilled in the art should understand that, the correlation equation varies
depending on the specific system, water quality, pollutant type, etc., and the
correlation equations of different forms can be used without departing from
the scope of the present invention. In the wastewater treatment system of the
embodiment, the control of the dosing of ozone is realized based on the
determined correlation equation.

Those skilled in the art can understand that, the responses of different
industrial ~wastewater to the fluorescence signals of different
excitation wavelengths are different. Figure 7(A) to figure 7(C) are the
synchronous fluorescence spectra of industrial wastewater showing responses
of industrial wastewater of different types to the fluorescence signals of
different excitation wavelengths, specifically they are the synchronous
fluorescence spectra of industrial wastewater with the wastewater
fluorescence signals detected by wusing the UV band as the
excitation wavelengths. As shown in the above figures, when the
excitation wavelength is about 360-380 nm, the fluorescence signals of the
highest intensity can be obtained for wastewater of different types. In this
example, the tested wastewater includes wastewater from paper plants as

shown in figure 7(A), coking wastewater-1 as shown in figure 7(B) and
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coking wastewater-2 as shown in figure 7(C). Thus, the fluorescence signal
using the excitation wavelength in such a specific range has higher sensitivity.
Preferably, the fluorescence signal using the excitation wavelength of 365 nm
can achieve high sensitivity in industrial wastewater of different types and
facilitate reducing costs for configuring and maintaining fluorometers with
different excitation wavelengths.

It should be understood that, the description of the above systems,
modules, units, functions and method steps are only used for illustratively
describing the principle of the present invention and should not be considered
to limit the scope of protection of the present application. The present
invention can be implemented by using different combination forms of the
above systems, modules, units, functions and method steps. The scope of
protection of the present invention is defined by the claims. It also should be
understood that, alteration and modification can be made by those skilled in
the art to the above systems, modules, units, functions and method

steps without departing from the scope of protection of the present invention.
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CLAIMS

1. A water treatment system, comprising:
an ozone treatment subsystem, which utilizes ozone to treat water, and
a biological treatment subsystem, which is arranged at the downstream
of the ozone treatment subsystem and treats water by a biological treatment
process, wherein
the ozone treatment subsystem comprises:
an ozone generator, which generates ozone to be dosed into
the water flow to be treated;
an ozone processor, which treats water with ozone and outputs the
ozone-treated water to the biological treatment subsystem;
at least one water quality parameter indicator, which is used for
acquiring at least one indication signal with correlation to the water quality
parameters of the water to be measured, and which is arranged at least one of
the positions selected from the group consisting of: upstream of the ozone
processor, between the ozone processor and the biological treatment
subsystem, and downstream of the biological treatment subsystem; and
a controller, which is configured to receive said at least one
indication signal from said at least one water quality parameter indicator,
and determines in real time the optimal dosage of ozone according to the at
least one indication signal, wherein:
the ozone generator doses ozone to the ozone processor based on the

optimal dosage determined by the controller.

2. The water treatment system according to claim 1, wherein each of
said at least one water quality parameter indicator is a fluorometer or an
ultraviolet absorption photometer, and accordingly each of said at least one
indication signal is a fluorescence signal or an ultraviolet absorption
luminosity signal.
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3. The water treatment system according to claim 1 or 2, wherein
said water quality parameter is one or more of chemical oxygen demand
(COD), biological oxygen demand (BOD), the ratio of biological oxygen
demand (BOD)/chemical oxygen demand (COD), or total organic carbon
(TOC).

4. The water treatment system according to claim 1, wherein
said water treatment system establishes a correlation equation representing the
correlation between the water quality parameters and the indication signals for
the wastewater to be treated, such that said controller determines the
corresponding water quality parameters with said at least one indication signal
according to said correlation equation, and thereby further determines the
optimal dosage of ozone according to the determined water quality

parameters.

5. The water treatment system according to claim 4, wherein a
first water quality parameter indicator is arranged at the upstream of the ozone
processor, and said controller determines the corresponding water quality
parameters with the first indication signal acquired by the first water quality
parameter indicator according to said correlation equation, and thereby further
determines the optimal dosage of ozone according to the determined water

quality parameters.

6. The water treatment system according to claim 4, wherein a
second water quality parameter indicator is arranged between the ozone
processor and the biological treatment subsystem, and said controller
determines the corresponding water quality parameters with a second

indication signal acquired by the second water quality parameter indicator
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according to said correlation equation, and thereby further determines the
optimal dosage of ozone according to the determined water quality

parameters.

7. The water treatment system according to claim 4, wherein the
first water quality parameter indicator is arranged at the upstream of the ozone
processor, the second water quality parameter indicator is arranged between
the ozone processor and the biological treatment subsystem, and said
controller determines the corresponding water quality parameters with the
first indication signal acquired by the first water quality parameter indicator
and the second indication signal acquired by the second water quality
parameter indicator according to said correlation equation, and thereby further
determines the optimal dosage of ozone according to the determined water

quality parameters.

8. The water treatment system according to claim 4, wherein the
first water quality parameter indicator is arranged at the upstream of the ozone
processor, the second water quality parameter indicator is arranged between
the ozone processor and the biological treatment subsystem, a third water
quality parameter indicator is arranged at the downstream of the biological
treatment subsystem, and said controller determines the corresponding water
quality parameters with the first indication signal acquired by the first water
quality parameter indicator, the second indication signal acquired by the
second water quality parameter indicator and a third indication signal
acquired by the third water quality parameter indicator according to said
correlation equation, and thereby further determines the optimal dosage of

ozone according to the determined water quality parameters.

9. The water treatment system according to claim 3, wherein
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said water treatment system is an industrial wastewater tertiary treatment

system, and said ozone processor treats water with ozone for the ozonization

of refractory organic substances.

10. The water treatment system according to claim 1, wherein
said water treatment system is applied in treating industrial wastewater from

papermaking, pulping, coking and/or petrochemical industries.

11. The water treatment system according to claim 1 or 2, wherein said
controller self-adaptively updates said correlation according to the change of
the at least one indication signal received from said at least one water quality
parameter indicator, such that said controller can determine the optimal
dosage corresponding to the change of water quality in response to the change

of water quality.

12. The water treatment system according to claim 1 or 2, wherein
said system further comprises a memory for storing the empirical data of
the correlation between the type of the water to be treated and the
concentration of the organic substances, and said controller automatically
determines and self-adaptively updates said correlation based on the type

of the water to be treated selected by a user of said system.

13. The water treatment system according to claim 1, wherein a
pre-stage treatment subsystem is provided at the upstream of the ozone
oxidation subsystem, and a post-stage treatment subsystem is provided at

the downstream of said biological treatment subsystem.

14. The water treatment system according to claim 1, wherein said

ozone treatment subsystem further comprises one or more additional
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treatment units, said additional treatment units are arranged at the downstream
of the ozone treatment subsystem and the upstream of the biological treatment
subsystem and comprise one or more of a pH value regulation unit, a
hydrogen peroxide treatment unit and an ultraviolet light treatment
unit, wherein:

said at least one water quality parameter indicator is further arranged at

the upstream or downstream of said one or more additional treatment units.

15. The water treatment system according to claim 1, wherein
said water treatment system can acquire information about the operation
of the wastewater treatment process, and can perform data
transmission with the centralized control center of a wastewater treatment

plant.

16. The water treatment system according to claim 1, wherein said
controller further additionally takes into account the technical parameters of

said ozone generator to determine in real time the optimal dosage of ozone.

17. The water treatment system according to claim 2, wherein the

excitation wavelength of said fluorescence signal is 360-380 nm.

18. The water treatment system according to claim 17, wherein the

excitation wavelength of said fluorescence signal is 365 nm.
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