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DESCRIPTION

BIOLOGICAL DENITRIFICATION METHOD AND APPARATUS

TECHNICAL FIELD

The present invention relates to biological denitrification
treatment of waste water, and in particular relates to a biological
denitrification method and apparatus for carrying out
denitrification treatment by biologically reducing oxidized
nitrogen (NOx-N) in waste water discharged from any of various
factories, sewage, nightsoil, or the 1like. Note that in the present
application, a gas/liquid/solid separating portion is referred to
as a "GSS portion”.

BACKGROUND ART

Conventionally, as biological denitrification methods, for
example a method in which sludge containing denitrifying bacteria
is made to be present in a floating state, a method in which
denitrifying bacteria are fixed on a carrier, and an upflow sludge
blanket method (hereinafter referred to as “USB method"‘) have been
used.

In a USB method, an apparatus as shown in Fig. 2 is commonly
used. Following is a description of this common USB method. In
the following, water tobe treated is also referred to as "rawwater”.
Fig. 2 is a schematic diagram showing the constitution of a publicly
known biological denitrification apparatus using the USB method.
The apparatus of Fig. 2 is constituted from a denitrification tank

22 that has, in a bottom portion thereof, a raw water supply portion

1
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towhich is connected a rawwater supply pipe 1 through which influent
water 21 is supplied, and a denitrifying bacteria sludge layer 23,
and has, above the sludge layer 23, a gas colliding portion 24,
a gas capturing portion 25, and a treated water 9 outflow portion.
In the USB biological denitrification apparatus, denitrification
treatment is carried out in the denitrification tank 22, and the
denitrifying microorganism is held at a high concentration in the
denitrification tank 22 without using a carrier for attaching the
denitrifying bacteria. With such an apparatus, an upper portion
of the apparatus in which the denitrifying bacteria sludge layer
23 is not built up is constituted as a GSS portion 5 in which gas
that has floated up is separated from the sludge, and moreover the
sludge is separated from the treated water; a lower portion of the
apparatus is constituted as a reaction portion in which the

denitrifying bacteria sludge is built up and the denitrification
reaction is carried out. Gas (nitrogen gas) 26 captured by the

gas capturing portion 25 is discharged via a produced gas recovery

.pipe 6.

However, there are still problems such as the following with
such an upflow sludge blanket method in which the denitrifying
bacteria are held at a high concentration. (a) There is a risk
of sludge having r;itrogen gas produced through the denitrification
treatment attached thereto or contained therein floating up and
flowing out togethe:; with the treated water, leading to a drop in
the amount of the denitrifying bacteria sludge in the
denitrification tank and a deterioration in the treatment. (b)

2
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The GSS portion occupies 1/3 to 1/2 of the whole apparatus, and
hence the space for the reactionportion inwhich thedenitrification
reaction is actually carried out is limited, and thus the apparatus
as a whole becomes large. (c) Due to (a) and (b) above, treatment
with a high load is problematic.

DISCLOSURE OF THE INVENTION

In view of the publicly known art described above, it is an
object of the present invention to provide a biological
denitrification method and apparatus using the upflow sludge
blanket method according to which the amount of denitrifying
bacteria-containing sludge held can be increased, and hence
denitrification treatment can be carried out stably even under a
high load.

Toattain the aboveobject, according to the present invention,
there is provided A biological denitrification method which
comprises introducingwastewater containingoxidizednitrogeninto
an upflow sludge blanket treatment apparatus having a
gas/liquid/solid separating portion therein, wherein a
denitrifying microorganism and/or a microorganism carrier having
a denitrifying microorganism £ilm thereon is charged in the upflow
sludge blanket treatment apparatus, and carrying out biological
denitrification on the waste water. In the denitrification method
according to the present invention, an autotrophic denitrifying
microorganismthat uses émmonia ions as anelectrondonor andnitrite
ions as an electron acceptor can be used as the denitrifying

microorganism. Moreover, a porous medium having an effective
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particle diameter of 0.05 to 0.5 mm can be used as the microorganism
carrier. Moreover, it is more preferred to use a porous medium
having a uniformity coefficient of 1.2 to 2.0. Moreover, in the
denitrification treatment according to the present invention, at
jeast some of treated water flowing out from an upper portion of
the upflow anaerobic sludge blanket treatment apparatus can be
circulated with the water to be treated.

Moreover, according to the present invention, there is
provided a biological denitrification appafatus which has an upflow
sludge blanket treatment apparatus in which a gas/liquid/solid
separating portions are formed in a main body and a denitrifying
microorganism and/or a microorganism carrier havinga denitrifying
microorganism £ilm thereon is charged in the main body, and a pipe
fdr introducing a waste to the upflow sludge blanket treatment
apparatus and a pipe for discharging treated water £from the upflow
sludge blanket treatment apparatus. In the denitrification
apparatus according to the present invention, the denitrifying
microorganism shall be an autotrophic denitrifying microorganism
that uses ammonia ions as an electron donor and nitrite ions as
an electron acceptor. Furthermore, the microorganism carrier may-
be a porous medium having an effective particle diameter of 0.05
to 0.5 mm and more preferably also having a uniformitir coefficient
of 1.2 to 2.0. Moreover, the upflow sludge blanket treatment
apparatus may have a circulating path through which at least some
of treated water flowing out from an upper portion of the upflow

sludge blanket treatment apparatus is injected into water to be
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treated and circulated.

According to the present invention, there are effects whereby
nitrogen gas produced through the denitrification can be recovered
rapidly from the GSS portions which are installed in a plurality
of tiers, the produced gas/treated water/sludge or carrier
separation and recovery performance can be improved, and moreover
by attaching the denitrifying bacteria to a microorganism carrier,
the amount of denitrifying bacteria heldcanbe increased; treatment
with a high load thus becomes possible. According to the present
invention, in the case of an upflow anaerobic sludge blanket
treatment apparatus that holds sludge containing anaerobic bacteria
and has gas/liquid/solid separating portions installed therein in
a plurality of tiers, sludge containing denitrifying bacteria
supported on a carrier is put in instead of the s'ludge containing
the anaerobic bacteria, and denitrification is made to take place,
whereby biological denitrification treatment is carried out.

EFFECTS OF THE INVENTION

According to the present invention, by providing
gas/liquid/solid separating portions in a plurality of tiers, and
by supporting the denitrifyingbacteriaona microorganism carrier,
there are effects whereby nitrogen gas produced through the
denitrification can be recovered rapidly, the produced gas/treated
water/sludge separation and recovery performance can be improved,
and the amount o‘f denitrifyingbacteriaheldcanbe increased. There
can thus be provided a biological denitrification method and

apparatus according to which treatment can be carried out stably
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even under a high oxidized nitrogen load. During operation of the
upflow sludge blanket method (USB method) at ahighoxidized nitrogen
load, stable denitrification treatment results are alwaysobtained,
and hence the method and appa::"atus of the present invention are
extremely valuable.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram showing the constitution of an
embodiment of an upflow denitrification treatment apparatus
according to the present invention.

Fig. 2 is a schematic diagram showing the constitution of
an example of a conventional upflow denitrification treatment
apparatus.

Fig. 3 is a schematic diagram showing schematically the
consfitution of a conventional treatment apparatus used in Example
1.

Fig. 4 is a flowdiagramshowing the constitutionof atreatment
apparatus according to the present invention used in Example 1.

Fig. 5 consists of grapﬁs showing changes in oxidized nitrogen
load, oxidized nitrogen concentration, and removal rate over the
course of an experiment of Example 1.

Fig. 6 consists of graphs showing changes in nitrogen load,
nitrite nitrogen concentration, and removal rate over the course
of an experimenf of Example 2.

DETAILED EXPLANATION OF THE INVENTION

Following is a description of an embodiment of the present

invention with reference to the drawings. Fig. 1 is a flow diagram
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showing schematically the constitution of an embodiment using an
upflow sludge blanket treatment apparatus preferable for carrying
out a biological denitrification treatment method according to the
present invention. Note that in all of the drawings for explaining
the embodiments and the examples, constituent elements having the
same function are shown using the same reference numeral. In the
apparatus shown in Fig. 1, there is provided a tubular reactor 2
having the top and bottom thereof stopped up, which has a lower
portionthereof communicatedwitharawwater supplypipel. Baffles
3 are provided each of which has one end thereof fixed to either
of left and right side walls inside the reactor 2, and has the other
end thereof extending toward the side wall on the opposite side
while dropping downwards.

In the embodiment shown in Fig. 1, the baffles 3 are provided
alternately on the left and right in three places in the vertical
direction, whereby acutely angled partitioned sludge zones 4a to
4c are formed between the side walls of the reactor. The angle
@ between eachbaffle 3 and the sidewall of the reactor 2 ispreferably
an acute angle of not more than 35°, with the baffle 3 pointing
downwards, and the area occupied by the baffles 3 is preferably
not less than 1/2 of the cross-sectional area of the apparatus.
In the case that © is an angle greater than 35°, granular sludge
will accumulate on the baffle 3 above each of the sludge zones 4a
to 4c, and dead spaces willbe prone toarising, andhence the fluidity
will become insufficient, and thus treatment with a high load may

become difficult. Moreover, in the case that the area occupied
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by the baffles 3 is less than 1/2, capturing of the produced gas
will become insufficient, and hence problems will arise with the
gas/liquid/solid separation. That is, gaswill escape upwards £rom
the center of the reactor, and hence it will not longer be possible
to sufficiently collect the gas in GSS portions 5, described below.

A GSS portion 5 is formed in an upper portion of each of the
partitioned sludge zones 4a to 4c. An outlet to a produced gas
recovery pipe 6 which communicates to the outside is provided in
a gaseous phase portion 5a of GSS portion 5 in whichAthe produced
gas collects upon the reaction commencing. A discharge opening
of each produced gas recovery pipe 6 connected £rom the corresponding
gaseous phase portion 5a opens out into water in a water sealing
tank 7 that is filled with water. The positions of the openings
are at suitable depths at differing water pfessures , and a gas meter
8 for measuring the £low rate of the gas discharged from the produced
gas recovery pipes 6 is provided on the water sealing tank 7. A
gasholder 10 is provided beyond the gasmeter8. Moreover, atreated
water pipe 9 through which the supernatant ligquid is discharged
is connected to an upper end of the reactor 2.

The raw water targeted for treatment in the present invention
is waste water containing ammonia nitrogen, organic nitrogen, and
oxidized nitrogen. The waste water is subjected to the treatment
according to the present invention after some or all of the ammonia
nitrogen and organic nitrogen has been converted into oxidized
nitrogen through aerobic treatment or the like.

As the denitrification method for the oxidized nitrogen in
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the present invention, a method using heterotrophic denitrifying
bacteria using organic matter in the raw water or organic matter
such as methanol added from the outside as an electron donor, or
a method using autotrophic denitrifying bacteria using ammonia
nitrogen, sulfur or the like as an electron donor can be used. 1In
the case that ammonia nitrogen is used as an electron donor, the
wastewatermaybe subjected to the treatment according to the present
invention after some or all of the ammonia nitrogen in the waste
water has been converted into mainly nitrite through the above
aerobic treatment or the like. Here, it is preferable to submit
the waste water to the apparatus with the molar ratio between the
ammonia nitrogen and the nitrite nitrogen being 0.5 to 2 of nitrite
nitrogen, preferably 1 to 1.5 of nitrite nitrogen, to 1 of ammonia
nitrogen.

The reactor 2 isusedwithacarrier and sludge charged therein.
The carrier and the sludge may be.charged in either order.
Alternatively, the carrier and the sludge may be charged in after
having been mixed together. As the sludge used, it is preferable
to charge in granular sludge comprising denitrifying bacteria, but
the sludge doesnot have tobegranular. Asthedenitrifyingbacteria,
either heterotrophic denitrifying bacteria or autotrophic
denitrifying bacteria as described above can be used. The carrier
is preferably an abiotic porous medium, preferably having an
effective particle diameter of 0.05 to 0.5 mm. Of such carriers,
one having an average specific gravity of 1.05 to 2.0 is preferable.
Examples include activated charcoal, zeolite, silica sand,

9



10

15

20

25

WO 2006/049322 PCT/JP2005/020662

diatomaceous earth, fired ceramics, and ion exchange resins. The
amount of the carrier packed into the denitrification tank can be
made to be 10 to 75 vol%.

The raw water is introduced into the reactor 2 from the raw
water supply pipe 1. The raw water is suitably diluted as required
with some of the treated water circulated, diluting water supplied
in from the outside, or the like, and the flow rate of the influent
water in the reactor 2 may be adjusted to 0.01 to 5 m/h, whereby
the state of flow of the sludge layer inside the reactor becomes
good. If the flow rate of the influent water in the reactor 2 is
made to be 6 m/h or more, then the denitrifying bacteria-attached
carrier will be prone to flowing out together with the treatedwater,
and hence this flow rate is preferably made to be not more than
5 m/h.

Oxidized nitrogen is decomposed by the denitrifying bacteria
inthe reactor 2, thus producingnitrogengas. Itwasexperimentally
confirmed by the present inventors that the denitrifying bacteria

may be granulated spontaneously by production of the gas and £low

rateofaliquidinthereactor. Itwasalsoexperimentallyconfirmed

that, when using the carrier, the denitrifying bacteria may become
fluidized and be substantially £ixed on the surface of the carrier.
The produced gas is separated off and collects in the GSS portion
5 at the upper end of each the partitioned sludge zones 4a to 4c,
thus forming a gaseous phase portion 5a in each GSS portion 5, and
is then lead through the produced gas recovery pipe 6 into the water
sealingtank7. Theamountof theproducedgas dischargedisrecorded

10
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by the gas meter 8, before the produced gas is fed into the gas
holder 10. Some of the produced gas becomes attached to the
microorganism-supporting carrier in each of the partitioned sludge
zones 4a to 4c, thus reducing the apparent specific gravitir of the
microorganism-supporting carrier, and hence accompanied by the
microorganism-supporting carrier, this produced gas reaches the
water surface in the GSS portion 5. The produced gas then forms
bubbles, and stops temporarily in a water surface bubble portion
5b. The bubbles gathered in the water surface bubble portion 5b
eventually burst, whereby the produced gas and the
microorganism-supporting carrier separate from one another, the
carrier returning to itsoriginal specificgravity and thus settling
downwards, and the produced gas being discharged from the produced
gas recovery pipe 6 through the water sealing tank 7 to the outside
of the system. The water that has been clarified through the
decomposition of the oxidized nitrogen is discharged from the upper
end of the reactor through the treated water pipe 9 to the outside
of the system.

The gas pressure in the gaseous phase portion 5a differs
between the GSS portions 5, and hence this pressure difference is
preferably adjusted using the water sealing tank 7. The closer
to the location from which the raw water is fed in, the higher the
water sealing pressure must be kept. Other than using such a water
sealing tank 7, there are many methods for adjusting the pressure
of the recovered gas. For example, pressure valves or the like
may be used. According to the upflow sludge blanket treatment

11
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method of the present invention, the produced gas can be recovered
separately from each of the partitioned sludge zones, and hence
the amount of produced gas per unit cross-sectional area of the
reactor is reduced. In particular, the amount of gas per unit
cross-sectional area of the reactor is reduced in the location
closest to the treated water pipe 9 through- which the treated v;rater
flows out. The amount of the sludge and the carrier flowing out
from the system can thus be greatly reduced.

In the case of treating foaming raw water, the gaseous phase
portions 5a in the GSS portions 5 and the produced gas recovery
pipes 6 will become blocked up, and hence recovery of the produced
gas will become difficult. In such a case, foaming in the GSS
portions 5 can be suppressed by adding an antifoaming agent to the
water flowing into the reactor 2 in advance. Compared with a method
in which the antifoaming agent is dripped or sprayed into the GSS
portions 5, this method is more effeci:ive in preventing foaming
in a closed space. As the antifoaming agent, an antifoaming agent
having an antifoaming effect in accordance with the properties of
the raw water can be used. Regarding the type of the antifoaming
agent, either a silicone type antifoaming agent or an alcohol type
antifoaming agent can be used.

In the case that scum is prone to forming due to the raw water
having high SS or the like, scum will form inside or on the surface
of the bubble portions 5b in the GSS portions 5,‘ and hence recovery
of the produced gas will become difficult. In such a cé.se, it is

possible to connect a produced gas blowing pipe 13 to a gas diffusing
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pipe 11, and supply produced gas from the gas holder 10 into the
GSS portions 5, thus breaking up or preventing formation of the
scum. The scum is broken up by the gas bubbles blown in from the
gas diffusing pipe 11, and the broken up scum f£lows with the liquid
through the reactor 2 and is thus discharged with the treated water.

In the present embodiment, the blown gas can be recovered
in each GSS portion, and hence the amount of the produced gas per
unit cross-sectional area of the reactor is low, particularly in
the location closest to the treated water pipe through which the
treated water flows out, and hence the function of it being possible
to greatly reduce the amount of the sludge and the carrier flowing
out from the system is not impaired. A gas diffusing pipe 1l can
be disposed in the lower portion of the reactor 2, or in the lower
portion of each GSS portion. The carrier layer is agitated by the
gas blown in, and hence contact between the denitrifying bacteria
and the influent waste water is improved; in particular, in the
case that the oxidized nitrogen load flowing into the main body
of the reactor is low, the amount of gas produced therefrom is low,
and hence the effect of agitation by the gas blown in is great.

The gas blown into the GSS portions 5 to break up and remove
scum in the GSS portions 5 is preferably a gas that does not contain
oxygen and does not have an effect on the denitrification treatment;
it is particularly preferable to use the produced nitrogen gas.
Note that in the case of using heterotrophic denitrifying bacteria,
the bacteria will be facultative anaerobic bacteria, and hence so
long as the ORP of the treated water is maintained at not more than
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-100 mV and the conditions are such that there is no effect on the
denitrification treatment, a gas containing oxygen such as air may
be used. The frequency of blowing in the gas depends on the
properties of the waste water, but there is an effect of breaking
up and removing scum in the GSS portions if this frequency is between
once per day and once per week. Moreover, the effect of agitating
the sludge layer can be further improved by making the frequency
of blowing in the gas be greater than once per day.

Several embodimenté of the present invention are as follows:

1. A biological denitrification method which comprises
introducing waste water containing oxidized nitrogen into an upflow
sludge blanket treatment apparatus having a gas/liquid/solid
separating portion therein, wherein a denitfifying microorganism
and/or a microorganism carrier having a denitrifying microorganism
film thereon is charged in the upflow sludge blanket treatment
apparatus, and carrying out biological denitrification treatment
on the waste water using the denitrifying microorganism.

2. The biological denitrification method according to
above item 1, further comprising introducing gas generated in the
denitrifying treatment into a water sealing tank, and discharging
the gas to the outside of the apparatus.

3. The biological denitrification method according to
above item 1 or 2, wherein said denitrifying microorganism is an
autotrophic denitrifying microorganism that uses ammonia ions as
an electron donor and nitrite ions as an electron acceptor.

4. 'i‘he biological denitrification method according to any

14
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one of above items 1-3, wherein said microorgénism carrier is a
porous medium having an effective particle diameter of 0.05 to 0.5
mm.

5. The biological denitrification method according to any
one of above items 1-4, wherein in said denitrification j:reatment,
at least some of treated water £lowing out from an upper portion
of said upflow sludge blanket treatment apparatus is circulated
with water to be treated.

6. A biological denitrification apparatus which has an
upflow sludge blanket treatment apparatus in which a
gas/liquid/solid separating portions are formed in a main body and
a denitrifying microorganism and/or a microorganism carrier having
a denitrifying microorganism f£ilm thereon is charged in the main
body, and a pipe for introducing a waste to the upflow sludge blanket
treatment apparatus and a pipe for discharging treated water from
the upflow sludge blanket treatment apparatus..

7. The biological denitrification apparatus according to
above item 6, further comprisingapipe for discharging gas generated
in the upflow sludge blanket treatment apparatus and a water sealing
tank connected to the pipe.

8. The biological denitrification apparatus according to
above item 6 or 7, wherein the upflow sludge blanket treatment
apparatus is ‘a tubular reactor, and a baffle is provided in the
reactor, the baffle having one end fixed to a side wall inside the
reactor and the other end extending toward the side wall on the
opposite inside the reactor while dropping downwards wherein the

15
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angle between the baffle and the side wall of the tubular reactor

is not more than 35°.

9. The biological denitrification apparatus according to
any one of above items 6-8, wherein said denitrifying microorganism
is an autotrophic denitrifyingmicroorganism that uses ammonia ions
as an electron donor and nitrite ions as an electron acceptor.

10. The biological denitrification apparatus according to
any one of above items 6-9, wherein said microorganism carrier is
a porous medium having an effective particle diameter of 0.05 to
0.5 mm.

11. The biological denitrification apparatus according to
any one of above items 6-10, wherein said upflow sludge blanket
treatment apparatus has a circulating path through which at least
some of treated water f£lowing out from an upper portion of said
upflow sludge blanket treatment apparatus is injected into water
to be treated and circulated.

EXAMPLES

Following is a more specific description of the present
invention through examples.
Example 1

Figs. 3 and 4 show schematically apparatuses used in a
multi-stage denitrification treatment experiment. System A uses
a conventional upflow sludge blanket method; as shown in Fig. 3,
methanol 15 was injected into the raw water supply pipe 1 of Fig.

2. SystemB and systemC are systems in which three inclined baffles
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3 were installed, the angle between each baffle and a side wall
of the apparatus wasmade tobe 30° , withthebafflepointingdownwards,
and a gas diffusing pipe 11 was installed and produced gas was blown
in therefrom, this being shown in Fig. 4. System B is a system
inwhichonlygranular sludgewas chargedinto the apparatus. System
C is a system according to the present invention; a denitrifying
microorganism supported on a carrier was used.

As shown in Fig. 4, rawwater was introduced into the apparatus
from the raw water supply pipe 1 connected to the lower end of the
reactor 2, and treated water was obtained from the treated water
pipe 9 in the upper portion of the reactor 2. GSS portions 5 in
which was collected gas produced through decomposition of organic
matter and purification were formed in the reactor 2, and the outlet
of a produced gas recovery pipe 6 communicating to the outside was\
provided at the upper end of each GSS portion 5. Methanol 14 was
injected in as an electron donor for the denitrification treatment.

The volume of a liquid layer portion was im®, and the water
temperature in the reactor was made to be 20 to 25°C. Waste water
(oxidized nitrogen 100 mg/L) discharged from a chemi'cal plant to
which inorganic nutrient salts (phosphorus etc.) were added was
used as the raw water. Methanol was injected in such that the BOD
was 300 mg/L. As the carrier for system C, activated charcoal of
particle diameter 0.1 to 0.2 mm was charged in such that the volume
when left to stahd would be 0.5 m®. Treated water was circulated,
expanding the microorganism carrier layer to approximately 0.85
m®. For systemB and systemC, blowing in of produced gas was carried
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out once per hour.

Fig. 5 shows changes in the denitrification treatment results
over the course of the experiment. For all of the systems, the
oxidizednitrogen load of the treatedwater was gradually increased.
Up to approximately 80 days of the experiment elapsing, it was
possible to carry out the treatment with approximately the same
load for all of the systems. After approximately 80 days, upon
the oxidized nitrogen load becoming greater than 3 kg/m?/d, for
system A, the oxidized nitrogen concentration of the .treated water
increased, and after 90 days, the oxidized nitrogen removal rate
had dropped to 50%. For systemA, upon the load increasing, granular
sludge having pfoduced nitrogen gas attached thereto or contained
therein floated up and flowed out together with the treated water,
and hence the amount of denitrifying bacteria granular sludge in
the denitrification tank dropped, and the treatment performance
dropped. On the other hand, with system B and system C in which
GSSportionswereprovidedinapluralityof tiers, ex}en atanoxidized
nitrogen load of 5 kg/m®/d, treatment could be carried out with
a treated water oxidized nitrogen concentration of not more than
5 mg/L, and an oxidized nitrogen removal rate of not less than 95%.
However, once the oxidized nitrogen load was further increased and
this load became 6 kg/m3/d, for system B, VSS of the treated water
increased, the amount of granular sludge in the denitrification
tank dropped, and the treatment performance dropped. Table 1l shows
a comparison of the treatment results in a steady state.

Table 1
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Comparison of treatment results in steady state

System A System B System C
(Conv.methodl) | (Conv. method 2) | (Method of
present
invention)
Oxidized nitrogen 2.5 5.0 6.0
volume load
(kg/m*-d)
Oxidized nitrogen 95 95 95
removal rate (%)
VSS of treated water 40-80 40-80 40-80
(mg/L)

With systemC according to the present invention, the oxidized
nitrogen load was 6 kg/m3/d, the oxidized nitrogen removal rate
952, and the VSS of the treated water 40 to 80 mg/L. On the other
hand, with conventional method 2 of system B, the oxidized nitrogen
load was 5 kg/m3/d, the oxidized nitrogen removal rate 95%, and
the VSS of the treated water 40 to 80 mg/L. In this way, with the
method of system C according to the present invention, the
denitrification treatment results were stable even when operation
was carried out at a high oxidized nitrogen load. Moreover, the
VSS concentration of the treated water was approximately the same
as with the conventional method.

Example 2

In the present example, an experiment was carried out using
themulti-stage denitrificationtreatment apparatuses showninFigs.
land 2. SystemD used a conventional upflow sludge blanket method,
using the apparatus shown in Fig. 2. System E and system F are

systems in which three inclined baffles 3 were installed, the angle

between each baffle and a side wall of the apparatus was made to
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be 30°, and a gas diffusing pipe was installed and produced gas
was blown in therefrom, this being using the apparatus shown in
Fig. 1. System E is a system in which only granular sludge was
charged into the apparatus. System F is a system according to the
present invention; a denitrifying microorganism supported on a
carrier was used.

As shown in Fig. 1, rawwater was introduced into the apparatus
from the raw water supply pipe 1 connected to the lower end of the
reactor 2, and treated water was obtained from the treated water
pipe 9 in the upper portion of the feactor 2. GSS portions 5 in
which was collected gas produced through decompbsition of ammonia
nitrogen and.nitrite nitrogen and purification were formed in the
reactor 2, and the outlet of a produced gas recovery pipe 6
communicating to the outside was provided at the upper end of each
GSS portion 5.

The volume of a liquid layer portion was 1m®, and the water
temperature in the reactor was made to be 30 to 35°C. Waste water
discharged from an anaerobic sludge digestion tank (1liquid
eliminated fromdigestion: containing 500 mg/L of ammonianitrogen)
to which inorganic nutrient salts (phosphorus etc.) were added was
subjected to digestion treatment such that the ammonia nitrogen
to nitrite nitrogen ratio became approximately 1:1, and the
resulting nitrited water was used as the raw water. As the carrier
for system F, activated charcoal of particle diameter 0.1 to 0.2
mm was charged in such that the volume when left to stand would

be 0.5 m®>. Treated water was circulated, expanding the
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microorganism carrier layer to approximately 0.85 m®. For system
E and system F, blowing in of produced gas was carried out once
per hour.

Fig. 6 shows changes in the denitrification treatmeht results
over the course of the experiment. For all three systems, the
nitrogen load was gradually increased while observing the oxidized
nitrogen concentration of the treated water. Up to approximately
100 days of the experiment elapsing, it was possible to carry out
the treatment with approximately the same load forall of the systems.
After approximately 100 days, upon the nitrogen load becoming
greater than 2 kg/m*/d, fqr system D, the oxidized nitrogen
concentration of the treated water increased, and after 115 days,
the nitrogen removal rate had dropped to 50%. For system D, upon
the load increasing, granular sludge having produced nitrogen gas
attached thereto or contained therein floated up and flowed out
togetherwith the treatedwater, andhence the amount of denitrifying
bacteria granular sludge in the denitrification tank dropped, and
the treatment performance dropped.

On the other hand, with system E and system F in which GSS
portions were provided in a plurality of tiers, even at an oxidized
nitrogen load of 4 kg/m®/d, treatment could be carried out with
a treated water nitrite nitrogen concentration of not more than
5 mg/L, and an nitrogen removal rate of not less than 80%. However,
once the oxidized nitrogen load was further increased and this load
became 5 kg/m3/d, for system E, VSS of the treated water increased,
the amount of granular sludge in the denitrification tank dropped,
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Table 2 shows a comparison

of the treatment results in a steady state.

Table 2

Comparison of treatment results in steady state

System D System E System F
(Conv.methodl) | (Conv. method 2) | (Method of
present
\ invention)
Oxidized nitrogen 2.0 4.0 5.0
volume load
(kg/m*-d)
Nitrogen removal 83 83 83
rate (%)
VSS of treatedwater 40-80 40-80 40-80
(mg/L)

With systemF according to the present invention, the nitrogen

load was 5 kg/m3/d, the nitrogen removal rate 83%, and the VSS. of

the treatedwater 40 to80mg/L.

On the otherhand, with conventional

method 2 of system E, the nitrogen load was 4 kg/m*/d, the nitrogen

10 removal rate 83%, and the VSS of the treated water 40 to 80 mg/L.

In this way, with the method of system F according to the present

invention, the denitrification treatment results were stable even

when operation was carried out at a high nitrogen load.

Moreover,

the VSS concentration of the treated water was approximately the

15 same as with the conventional method.
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CLAIMS

1. A biological denitrification method which comprises

.introducingwastewatercmntainingoxidizednitrogenintoanupflow

sludge blanket treatment apparatus having a gas/liquid/solid
separating portion therein, wherein a denitrifying microorganism
and/or a microorganism carrier having a denitrivfying microorganism
film thereon is charged in the upflow sludge blanket treatment
apparatus, and carrying out biological denitrification treatment
on the waste water using the denitrifying microorganism.

2. The biological denitrification method according to
claim 1, further comprising introducing gas generated in the
denitrifying treatment into a water sealing tank, and discharging
the gas to the outside of the apparatus.

3. The biological denitrification method according to
claim 1 or 2, wherein said denitrifying microorganism is an
autotrophic denitrifying microorganism that uses ammonia ions as
an electron donor and nitrite ions as an electron acceptor.

4. The biological denitrification method according to any
one of claims 173, wherein said microorganism carrier is a porous
medium having an effective particle diameter of 0.05 to 0.5 mm.

5. The biological denitrification method according to any
one of claims 1-4, wherein in said denitrification treatment, at
least some of treated water f£lowing out from an upper portion of
said upflow treatment apparatus is circulated with water to be

treated.

23



10

15

20

25

WO 2006/049322 PCT/JP2005/020662

6. A biological denitrification apparatus which has an
upflow treatment apparatus in which a gas/ ligquid/solid separating
portions are formed in a main body and a denitrifying microorganism
and/ or a microorganism carrier having a denitrifying microorganism
£ilm thereon is charged in the main body, and a pipe for introducing
a waste to the upflow sludge blanket treatment apparatus and a pipe
for discharging treated water from the upflow sludge blanket
treatment apparatus..

7. The biological denitrification apparatus according to
claim 6, further comprising a pipe for discharging gas generated
in the upflow sludge blanket treatment apparatus and a water sealing
tank connected to the pipe.

8. The biological denitrification apparatus according to
claim 6 or 7, wherein the upflow sludge blanket treatment apparatus
is a tubular reactor, and a baffle is provided in the reactor, the
baffle having one end fixed to a side wall inside the reactor and
the other end extending toward the side wall on the opposite inside
the reactor while dropping downwards wherein the angle between the
baffle and the side wall of the tubular reactor is not more than
35°.

9. The biological denitrification apparatus according to
any one of claims 6-8, wherein said denitrifying microorganism is
an autotrophic denitrifying microorganism that uses ammonia ions
as an electron donor and nitrite ions as an electron acceptor.

10. The biological denitrification apparatus according to
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anyoneofclaims6-9,whereinsaidnﬁcroorganimncérrierisa;mrous
medium having an effective particle diameter of 0.05 to 0.5 mm.

11. The biological denitrification apparatus according to
any one of claims 6-10, wherein said upflow treatment apparatus
has a circulating path through which at least éome of treated water
flowing out £rom an upper portion of said upflow treatment apparatus

is injected into water to be treated and circulated.
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