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DESCRIPTION

LIQUID WASTE TREATMENT DEVICE AND LIQUID WASTE TREATMENT
METHOD

TECHNICAL FIELD

[0001] The present invention relates to a waste water
treatment technelogy using liguid microorganism
agglomerates {granules of self-granulated sludge which
are formed by microorganisms and/or a micrcbial film
containing a substance that is a nucleus).

BACKGROUND ART

{0002] A UASB (Upflow Anaerobic Sludge Bed) method is
a method in which, water to be treated is supplied into
the reactor tank from a reactor tank bottom that is filled
with the microorganism agglomerates, and organic
substance (organic matter) and nitrogen compound
{nitrogenous substance) contained in the water to be
treated are brecught into contact with the microorganism
agglomerates in an upward water flow that occurs due to
this supply cf water to be treated then are decomposed
by metabolism reaction of the microorganism (disclosed,
for example, 1n Patent Documents 1 to 4 etc.).

[00031 A most remarkable feature of the UASB method is
that extremely heavy load can be treated by using
high—-densely agglutinated microorganism agglomerates
without reguiring any filler that is a carrier of the
microorganism. The microorganism agglomerates
correspond to a form called the granule formed by

self-granulation of the microorganism and the microbial
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film containing the substance that is the nucleus. Most
of the microorganism agglomerates such as the granules
and the nucleus-containing microbial film have excellent
sedimentation. When the water to be treated is supplied
from the reactor tank bottom, under a proper upward flow
speed condition, a state called a sludge bed (a bed),
in which a few floating microorganism agglomerates are
present at a reactor tank top and numerous microorganism
agglomerates sediment or deposit and stay at a lower
portion in the reactor tank, is formed.

[0004] With respect to ammonia-containing waste water,
there are, as a pre-treatment, a nitrification process
in which ammonia is oxidized to nitric acid by aerocbic
bacteria, and as a post-treatment, a denitrification
precess inwhich the nitric acid is deoxidized tonitrogen
gas by anaerobic heterotrophicbacteria using the organic
substance. However, in recent years, anaerobic ammonium
oxidation (commonly called “anammox”) bacteria that
allows the denitrification from the ammonia and nitrous
acld has been focused on, and the UASB method is applied
also to the present method. TIn a case where the anammox
bacteria is used, by nitrifying approximately half of
the ammonia to the nitrous acid in the pre-treatment,
the denitrification process by the anammox bacteria of
thepost-treatment isallowed, therefore anaerationpower

regulred for the &

robio proos

s greatly reduced.

Further, since an anammox reacticon of the pre-treatment
cccurs by autotrophic bacteria, the ovganic substance
required for the denitrification by the heterotronhic

bacteria does not become necessary. This process
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therefore does not reguire supplyof the crganic substance

that is needed for a low-C/N (carbon-nitrogen) ratio waste
water. Thisprocessis suchexcellentnitrogen treatment
method. According to a report, although nitrogen load
that is applicable in an anammox reactor tank is different
depending on processes, in a demonstration experiment,
it is 2.8 ~ 5.4 kg-N/m’/day (e.g. Non-Patent Document 2) .
[0005] 1In the UASB method, water quality (such as pH of
the water to be treated and a concentration of reactant)
in the reactor tank is controlled so as to achieve a state
in which the microorganism in the reactor tank keeps high
activity. TFor instance, in the Patent Document 1, by
agitating a liquid phase around a water-to-be-treated
injection point in the reactor tank, deactivation or a
decrease of the activity (activation} of the anammox
bacteria which is caused by a local increase of
concentration of nitrite nitrogen at a
water-to-be-treated injection part is prevented.
Further, in the Patent Document 2, a plurality of inflow
points of the water to be treated containing the nitrite
nitrogen are provided in a height direction of the reactor
tank, and an injection concentration of the nitrite
nitrogen at a lowest stage (a most upstream side) 1s set
to be 300 mg-N/L or less, thereby preventing the
deactivation or the decrease of the activity (activation)
ol the anammox bacteria which is caused by the local
increase of concentration of nitrite nitrogen at the
water-to-be~treated injtection part.

L0006 However, inacase ywhere

Fyiintectionof thewater

to be treated (or by injection of mixed water of the water
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to be treated and dilution water), inhibition factor of
the water quality in the reactor tank is not solved or
removed (e.g. inacasewhereanincreaseofpHwithprogress
of micrcbial reaction process occurs), there is a risk
that merely separate injection of the water to be treated
into the reactor tank can not keep the water guality of
the reactor tank in the state in which the activity of
the microorganism becomes high. For instance, in the
Patent Document 2, activity inhibition of the anammox
bacteria appears from the nitrite nitrogen concentration
approx. 50 ~ 200 mg/L, and the higher the nitrite nitrogen
concentration, the greater the inhibition action (or the
inhibition influence). Thus, in a case where thenitrite
nitrogen concentration in the water to be treated is high,
it is difficult, by merely changing the injection of the
water to be treated Lo the separate injection, to remove
the factor in inhibiting the activity of the anammox
bacteria.

[00CG7] In addition, if an amount of the dilution water
mixed into the water to be treated is increased in order
to keep the water quality of the reactor tank in the state
in which the activity of the microorganism becomes high,
acost of the injection of the diluticonwater is increased,
or an in-pipe-water—-flowing amount of the dilution water
to the reactor tank i1s increasced. I the
in-pipe-water-flowling amount of the dilulion water to
the reactor tank ils increased, there is a risk that an
then the load will be limited.

in the reactor tank

Additionally, inacasewheredissolvedoxygenoflacertain



concentration or more is present in the dilution water,
there is a possibility that the dissolved oxygen will
destroyananaerchbicatmosphere inthe reactor tank. Thus,
upon the injection of the dilution water, it has to be
doubly careful about introducing the dissclved oxygen
into the reactor tank.

[0008] Accordingly, in order to efficiently perform a
stable anaercobic ammonium oxidation process, a device
or a scheme is required sothat anenvironment (acondition)
that inhibits the activity of the anammox bacteria is
not created. In addition, it is necessary to keep the
highly active anammox bacteria in the reactor tank and
also necessary that numerous anammox bacteria should
participate in process reaction.
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SUMMARY OF THE INVENTION

[0011] A waste water lreatment device {waste water
treatment equipment) and a waste water tLreatment method
of the present invention are characterized in that, in
an UASE type reactor tank, pH of treated water that is
treated in this reactor tank is adjusted or controlled
to a suitable pH for the microorganismheld in the reactor
tank to produce a nitrogen removal reaction in the high
active state, and this pH-adjusted treated water is
injected to the bed of the reactor tank, then pH in this
bed is controlled so as to be a suitable pH to keep the
reaction activity of the microorganism which forms the
microcrganism agglomerates.

[0012] That is, for solving the above problems, a waste
water treatment device by which water to he treated is
brought into contact with microorganism in an ascending
water flow and nitrogen compound contained in the water
to be treated is decomposed, the waste water treatment
device comprises: a reactor tank that is supplied with
the water to be treated from a bottom of the reactor tank
and discharges the water Lo be treated as Lreated water
from an upper portion of the reactor tank after the water
te be treated is brought into contact with the
microorganism:; a pH control tank that controls a part

of the treated water discharged from the reactor tank
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s0 that pH of the part of the treated water is adjusted
to a pH range in which reaction activity of the
microorganismis high; and a line that injects the treated
water pH-adjusted in the pH control tank to a position,
the position being separate from a supply portion of the
water to be treated in a flow directicn of the water to
be treated, in a sedimentary layer of the microorganism
which sediments in the reactor tank.

[0013]) In the waste water treatmenlt device, the line
injecting the pH-adjusted treated water is set so that
the pH-adijusted treated water is injected to a position
of 50% or less of a height of the bed.

[0014] Further, in the waste water treatment device, the
pH-adjusted treatedwater is injected without being mixed
with the water to be treated.

[0015] Furthermore, inthewastewalter treatment device,
a plurality of the lines that inject the pH-adjusted
treated water are provided in the flow direction of the
water to be treated in the reactor tank.

[001le] In addition, for solving the above problems, a
waste water treatment device by which water to be treated
is brought into contact withmicroorganisminan ascending
water flow and nitrogen compound contained in the water
to be treated i1s decomposed, the waste water treatment
device comprises: a reactor tank that is supplied with
the water Lo be treated from a bottom of Lhe reactor tank
and discharges the water to be treated as treated water
from an upper portion of the reactor tank after the water
Lo be treated is brought into contact with the

microorganism; a pH control tank that controls a part
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cf the treated water discharged from the reactor tank
so that pH of the part of the treated water is adiusted
to a pH range in which reaction activity of the
microorganism is high; an air bubble separation member
that is provided in the reactor tank and separates the
microorganism and air bubbles generated by a reaction
between the micrcoorganism and the water to be treated;
and a line that injects the treated water pH-adjusted
in the pH control tank to a position that is below the
alr bubble separationmember and is separate froma supply
portion of the water to be treated in a flow direcltion
of the water to be treated,.

[0017] Additicenally, for solving the above problems, a
waste water treatment method by a waste water treatment
device, the waste water treatment device having a reactor
tank in which contact reaction between water to be treated
and microorganism occurs and a pH control tank that
controls treated water after being treated in Lhe reactor
tank so that pH of the treated water i1s adjusted to a
pH range in which reaction activity of the microorganism
is high, the method comprises: supplying the water to
be treated into the reactor tank from a bottom of the
reactor tank and discharging the water Lo be treated as
treated water from an upper porticn of the reactor tank
atter the water to be treated is brought into contact
wiith Uhe microorganism; controlling a part of the
discharged treated water in the pH contrel tank so that
pll of the part of the discharged treated water is adjusted
to the pH range in which reaction activity of the

microorganism is high; and injecting the pH-adjusted
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treated water to a position, the position being separate
from a supply portion of the water to be treated ip B
flow direction ¢f the water Lo be treated, in a bed in
the reactor tank.
[0018] Moreover, for solving the above problems, a waste
water treatment method by a waste water treatment device,
the waste water treatment device having a reactor tank
in which contact reactlion between water to be treated
and microorganism occurs, an air bubble separation member
that is provided in the reactor tank and separates the
microorganism and air bubbles generated by a reaction
between the microorganism and the water to be treated
and a pH control tank that contreols a part of treated
water after being treated in the reactor tank so that
pH of the part of the treated water is adjusted to a pH
range in which reaction activity of the microorganism
is high, the method comprises: supplying the water to
be treated intc the reactor tank from a bottom of the
reactor tank and discharging the water to be treated as
treated water from an upper portion of the reactor tank
after the water to be treated is brought into contact
with the microorganism; controlling a part of the
discharged treated water in the pH control tank so that
pH of the part of the discharged treated water is adjusted
to the pH range in which reaction activity of the
microorganism is high; and injecting the treated water
pH-adjusted in the pH control tank to a position that
is below the air bubble separation member and is separate
3

from & supply portion of fhe water to

Ly be treated in a

flow direction of the water Lo be treated.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a schematic block diagram showing a waste water
treatment system according to a reference example of the
present invention.

Fig. 2 is a graph showing pH variation of water to be
treated with a height direction of a reactor tank of the
waste water treatment system according te the reference
example of the present invention.

Fig. 3 is a schematic block diagram showing a waste water
treatment device according to an embodiment 1 of the

present invention.

Fig. 4 is a drawing; {a} shows a relationship between
a height (H) of a reactor tank and a pH value in the reactor
tank in a case where pH-adijusted treated water is not
injected from a side surface of the reactor tank, (b)
shows a relationship between the height (H) of the reactor
tank and the pH value in the reactor tank in a case where
the pH-adjusted treated water is injected from the side
surface of the reactor tank.

Fig. 5 is a schematic block diagram showing a waste water
treatment device according to an embodiment 2 of the

present invention.

EMBODIMENTS FOR CARRYING OQUT THE INVENTION

00201 [Reference FExample]

Fricr to the present invention, ithe invencors planted
the anammox bacterla in a reactor tank 50 and reacted
ammonia nitrogen with nitrite nitrogen in a waste water

treatment device 5 shown in Fig. 1 as a reference example.
] -
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The inventors then measured pH change with a height
direction of this reactor tank 50.

[0021] {Ccnfiguration of device)

As shown in Fig. 1, the waste water treatment device 5
of the reference example has a pH adjustment tarnk (a pH
control tank) 18, the reactor tank 50 and an air bubble
collection pipe 12.

[0022] An after-menticned artificial waste water tank
51 is connected to a bottom 500 of the reactor tank 50
through a supply pipe 101. The water tc be treated is
supplied into the reactor tank 50 from the bhottom 5CO0,
and after the water to be treated is brought into contact
with a bed 19 in the reactor tank 50, the water to be
treated is discharged as treated water from an upper
portion of the reactor tank 50. The water to be treated
is supplied, by a pump P1l, to the reactor tank 50 through
the supply pipe 101 that is connected to a lower endportion
of the reactor tank 50. As shown in Fig. 1, the reactor
tank 50 is formed into a cylindrical shape. An inner
circumferential surface, arcund the bottom 500, of the
reactor tank 50 has a lower-side-tapered shape so that
the microorganism agglomerates gather and accumulate at
the bottomandelficiency of the contact hetween the water
Lo be treated and the microcorganism agglomerates is
increasad.

L0023 TFurther, a cirvceculation pipe 172 lor returning a
part of the treatedwater to the reactor tank 50 is provided

at an upper side surface of Lhe reactor tank 50. 0On a

4

side surface of the reactor tank 50, a plurality of water
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sampling pipes 7a ~ 7f areprovided in the height direction
of the reactor tank 50.

{0024} The air bubble collection pipe 12 is formed by
a conical-shaped collecting cone 121 and a cylinder
portion 122 that is vertically connected to an upper end
opening of the collecting cone 121. The air bubble
collection pipe 12 is arranged coaxially with the reactor
tank 50 in the reactor tank 50. The air bubble collection
pipe 12 collects air bubbles generated from the bed 19,
and exhausts the alir bubbles into the atmosphere through
the cylinder portion 122 connected to a ceiling portion
of the reactor tank 50.

[0025] The pH adjustment tank 18 is provided to be
connected to the reactor tank 50 through the circulation
pipe 172, and a part of the treated water is flown to
the pH adjustment tank 18 through the circulation pipe
172. Further, the pH adjustment tank 18 is provided with
a pH meter 18a, and pH of the treated water is adiusted
to a predetermined pH by 0.5M H3S04 in the pH adjustment
tank 18. The pH-adjusted treated water is returned to
the reactor tank 50 again for circulation by a pump P2
through a circulation pipe 181.

(00261 The artificial waste water tank 51 is connected
to the hottom 500 of the reactor tank 50 through the supply
pips 101, The artificial waste water tank 51 is provided
wilh a dissolved oxygen concentralion meter (DO meter)
H5la and a pH meter 5ib. The water to be treated in the
artificial wastewater tank 51 issuppliedintothe reactor
tank 50 by a punp Pl through the supply pipe 101, Here,

in the reference example, water to be treated that is
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adjusted to composition shown in a table 1 is previously
provided in the artificial waste water tank 51, then
degassing or deaeration by nitrogen gas is performed so
that a dissolved cxygen concentration of the water to
be treated is 0.5 mg/L or less,
[0027] [Table 1]

ARTIFICIAL WASTE WATER COMPOSITION

(NH4)2804 100~450 mg-N/L
NaNO2 100~450 mg-N/1L,
KH:POu4 54.4 mg/L
NaHCOs 105.0 mg/L

CaCle - 2H20 30.0 mg/L
FeS04-7TH:=0 5.0 mg/l
EDTA 5.6 mg/L
pH 7.2 ~ 175

DO 6 ~ 0.5 mg/l

[0028] 1In the waste water treatment device 5 having the
above configuration, in order to examine a pH

characteristic of the water to be treated that flows in
the reactor tank 50 in a high load operation, the ammonia

nitrecgen and the nitrite nitrogen were reacted together

in an anammox bacteria-existing state with a nitrogen
cvom Ty Voo el CRUT T3S dmen oy T F1 Lo o B Fyend 2 b L T
I L A P A S S N R S AR AN S R & I SR B AORERIED o w PERD W IR LD

Lo be treated is sampled from the water sampling pipes

Ta o~ 70, and sach pl of the sampled wabter Lo be treated
was measured. pH variation of the water to be treated

with the height direction of the reactor tank 50 during
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the progress of the anammox reaction is shown in Fig.
2.
[0029] Asthereactionbytheanammoxbacteria, a reactioen
formula indicated by the folliowing expression (1) has
been suggested.

1.0NHg" + 1.32N0;" + 0.066HCO;” + 0.13H" -

1.02N; + 0,.26N0; + 0.066CH;0¢ sNp 15 + 2.03H,0 ... (1}
According to the expression {1), since H' in the water
to be treated is consumed with the progress of the anammox
reaction, as shown in Fig. 2, the higher the water to
be treated is located in the reactor tank 50, the higher
the pH is (pH of the water to be treated located at the
upperportiocnof thereactortank50ishigher). Regarding
this pH variation, a striking pH variation occurs in a
case where pH buffer nature of the water to be treated
that flows into the reactor tank 50 is low.
[0030] 1In Pig. 2, with respect to the pH of the water
te be treated in the reactor tank 50, although pH is 7.5
at an inflowportion 500 of a lowest portion of the reactor
tank 50, pH of the water to be treated, sampled at the
water sampling pipe 7a that is positioned at a 180 mm
highér position from the lowest portion of the reactor
tanlk 50 {(which corresponds to approx. 50% of a height
of the bed), is already 8.43, and this exceeds a pH range
(pHG. 5~ 8.0) whichis favorable for the anammox reaciion.
Then, a helght at which pH 1s out of or exceeds an upper
Limit (pH 8.0} of this favorable pH is & 100 mm higher
position from the lowest portion of the reactor tank 50

(which corresponds to 24% of the height of the bed).
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[0031] In addition, the higher the water to be treated
is located from the water sampling pipe 7b, the gentler
{or the more gradual) the increase of the pH of the water
to be treated that flows into the reactor tank 50. That
is, when the water to be treated is flown into the reactor
tank 50 from the bettom 500 ¢of the reactor tank 50, as
shown in Fig. 2, the pH variation occurs especially in
an almost all area of the bed 19 where the microorganism
agglomerates exist. Further, the pH in the reactor tank
50 is out of or exceeds the upper limit of the favorable
pH of the anammox bacteria at a position close to an upward
water flow side of the inflow portion 500 of the lowest
portion of the reactor tank 50.

[0032] From the foregoing, in the case where the water
tobe treated is supplied fromthe bottom 500 of the reactor
tank 50, an area where the activity of the anammox bacteria
can be kept is limited to a part, which is located close
to the inflow portion, of the bed 19.

[0033] Then, sincecontributicnof the anammox bacteria,
which exist in a part where the pH exceeds the upper limit
of the faveorablepHandtheactivityof the anammocxbacteria
is inhibited, to the reaction is small, even if numerous
anammoex bacteria 1s held in an area of the bed 19, there
is ariskthat an increase innitrogen removal performance
can nol he expacted.  Further, since Lhe reaction of the
exXpression (i) speeds up with the progress of the high
load treatment operation in which the nitrogen volume
load {NLR) is selt to be further high, the pH variation
in oan upward water flow direction in the area of the bed

19 with respect Lo an inflow initial pH of the water Lo
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be treated supplied to the bottom 500 occurs quickly.
Then, since the area of the bed 19, which is affected
by the activity inhibition due to the exceedance of the
upper limit of the favorable pH, increasingly extends,
even if a total amount of the anammox bacteria is
sufficientlysecured, the increase inthenitrogenremoval
performance proportional tc its amcunt of the bacteria
cannot be expected, onthe contrary, thereisapossibility
that the nitrogen removal performance will deteriorate.
Inaddition, if anoverburdenoccursdue tothis inhibition,
since the treated water remains with its substrate
concentration held at a high congentration, there is a
risk that a dilution effect cf the pH-adjusted treated
water disappears and deterioration of the treatment is
accelerated.

[0034] rurther, the micrcorganism agglomerates which
have flcated above the bed 19 (in the reference example,
the microorganism agglomerates sediment or deposit up
tc an approx. 420 mm higher position from the bottom of
the reactor tank) together with the air bubbles hardly
contribute to the nitrogen removal because these
microorganisnlaggiomerates are affected by the activity
inhibition due to the pH. Furthermore, the longer the
stay time of the microorganism agglomerates at the upper
portion is, the more the decrease in Lhe activity of the
anammoxpacteria. Therelore, anoperatlontoimnediately
return the microorganism agglomerates floating together
with the air bubbles to the ked 19 is necessary. The
microorganism agglomerates contact or collide with the

collecting cone 121, thereby separating the air bubbles
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from the microcrganism agglomerates, consequently the
microorganismagglomerates separated fromthe airbubbles
go down and return to the bed 19.

[0035] 1In view of the measurement result of the pH
variation in the reactor tank 5C of the waste water
treatment device 5 of the reference example, the inventors
made Lhe present invention. Inthe followingdescription,
embodiments of the present inventicon will be explained
with reference to the drawings.

{00361 [EBEmbodiment 1]

Awastewater treatment device landawastewater treatment
method by this device, according te an embodiment 1 of
the present invention, will be explained with reference

to Figs. 3 and 4.

[0037]1 (Configuration of Device)

As shown in Fig. 3, the waste water treatment device 1
has a reactor tank 10, a pH adjustment tank (a pH control
tank) 18 and a side surface screen 13, A return pipe 181
that is connected to the pH adjustment tank 18 branches
into return pipes 18la ~ 18lc.

[0038] Thewatertobetreatedissuppliedintothereactor
tank 10 fromabottom 100, andafter thewater to be treated
is brought into contact with a bed 19 of themicroorganism
agglomerates that sediment or deposit at a lower portion
of thereactortank 10, thewatertobe treatedisdischarged
as treated water from an upper portion of the reactor
tank 10. The bed 19 (a sludge bed) is a laver [ormed by
the microcrganism agglomerates that sediment or deposit
and stay at the lower portion in the reactor tank 10.

Themicroorganismagglomerates correspondtoa formcalled
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the granule formed by self-granulation of the
microorganism and the microbial film containing the
substance that is the nucleus. As the microorganism
forming this microorganism agglomerates, for instance,
it isanammox bacteria. Alcadamcuntofnitrogencompound
(nitrogenous substance) supplied into the reactor tank
10 is fixed according toavolume of the bed 19, a substrate
concentration of the water to be treated, an amount of
the water to be treated, etc. Then, the microorganism
thatmultiplieswithcontinuationof anoperation is drawn
as necessary at regular intervals so that a height of
thebed 12 ismaintainedat a predeterminedheight. Thus,
theheight of thebed 19 inthe reacteor tank 10 ispreviocusly
set as one of operation conditions of the reactor tank
10.

[CC38] The water to be treated is supplied, by a pump
P1, to the reactor tank 10 through a supply pipe 101 that
is connected to a lower end portion of the reactor tank
1C. Withrespect tothewaler tobe treated, for instance,
water to be treated containing ammonia is previously
treated by aercbic ammonia-coxidizing bacteria in a
treatment tank (not shown), then water to be treated,
a part of the ammonia of which is converted into nitrous
acid by such treatmenlt, can be used as the water to he
treated. Thewatertobetreatedisnotespecially limited.
For example, wabter Lo be Lreated contalning ammonis
nitrogen and nitrite nitrogen etoe. can be supplled 50
that the reaction indicated by the expression (1)

efficient iy occursg.
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[0040] The reactor tank 10 is formed into a cylindrical
shape. An inner circumferential surface, around the
bottom 100, of the reactor tank 10 has a lower-side~tapered
shape so that the microorganism agglomerates gather and
accumulate at the bottom and efficiency of the contact
between the water to be treated and the microorganism
agglomerates is increased. An outflow pipe 171 by which
the treated water flows out of the waste water treatment
device is connected to the upper portion cof the reactor
tank 10, and also a circulation pipe 172 by which a part
cf the treated water relturns to the reactor tank 10 is
connected to the upper portion of the reactor tank 10
with the circulationpipe 172 communicatingwith a treated
water separation chamber 17. The circulation pipe 172
is connected to the pH adjustment tank 18 that controls
or adjusts pH cf the treated water flowing out from the
treated water separation chamber 17.

[0041] pHE of a liquid phase in the reactor tank 10 could
exceed 8.5 by the reaction indicated by the expressicn
(1), thus there cccurs a case where activity of the
microorganism agglomerates decreases or lowears.
Therefore, the treated water is pH-adjusted
(pH-~control led) in the pH adiustment tank 18 so that the
pH of the treated water is around neutrality (e.g. pH
Tl 4y, then the ph-adjusted treated water is returned
to the reactor tank 10, thereby stabllizing the activity
of the microorganism agglomerates.

(00427 ThepHadjustment tank 18 isconnectedto thebottom

100 of the reactor tank 10 through the return pipe 181a

and the supply pipe 101, then the water To be lLreated
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supplied from the supply pipe 101 is diluted with the
treated water pH-adjusted in the pH adjustment tank 18.
Further, the pH adjustment tank 18 is connected to side
surfaces of the reactor tank 10 through the return pipes
181b and 181c¢, then the pH-adjusted treated water is

injected to an area close to the lower portion of the
bed 192 in the reactor tank 10. The pH adjustment tank
18 has a pump for injecting pH control chemical liquid
and a mixing unit for mixing the treated water. As the
pH control chemical liquid, a well-known chemical agent
(e.g. sulfuric acid and hydrochloric acid) applied to
water treatment technology could be used. Here, with
regard to the return pipes 18lb and 18lc, a plurality
of return pipes could be provided in a flow direction
of the water to be treated flowling in the reactor tank
10 (i.e. in a height direction of the reactor tank 10).
Also, the injection of the pi-adjusted treatedwater could
be controlled in accordance with a treatment state of
the reactor tank 10.

[0043] Further, aninjectionpoint where the pH-adjusted
treated water is injected is not especially limited as
long as the injection point is a position where the bed
19 sediments or depoesits in the reactor tank 10. Since
the water to be treated supplied from the supply pipe
101 dis ph-adjusted s0 as Lo be in the pH range in which
the activily of Lhe anammox reaction becomes high, the
injection polnt where the pH-adjusted treated water 1s
injected is provided at a position that is separate from
the supply pips 101 in the flow dirvection of the water

tobetreated. FPFurthermore, thepositionof theinjection
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peint where the pH-adjusted treated water is injected
is not limited to the side surface of the reactor tank
10 as long as the pH-adjusted treated water canbe injected
to the ked 19. As shown in the reference example, the
pH ©of the water Lo be treated is out of or exceeds the
upper Limit (pH 8.0) of the favorable pH for the activity
of the anammox bacteria at the 180 mm higher position
from the lowest portion of the reactor tank 50 {which
corresponds to approx. 20% of the height of the bed 19).
Thus, when the injection point where the pH-adjusted
treated water is injected into the reactor tank 10 is
set tco a position which corresponds to 50% or less of
the height of the bed 19 in the reactor tank 1¢, it is
possible to keep water guality of the water to be treated
flowing in bed 19 in the state in which the activity of
the anammox bacteria is high, or it is possible to recover
the state in which the activity of the anammox bacteria
is high.

[0044] Thesidesurfacescreenl3separatesaliguidphase
containing the microorganism agglomerates of an upper
layer of the reactor tank 10 into the microorganism
agglomeratesandthewatertobetreated. Thesidesurface
screen 13 is formed froma slit or lattice {or grid) screen
such as a cylindrical-shaped wedge wire screen. A screen
scale spacing of this side surface screen 13 1s set so
as Lo ke smaller than the average particle size oi the
microorganism aggiomerate Lo render the side surface
screen 13 fit for solid-liquid separation of the
microorganism agglomerates and the water to be treated.

The side surface screen 13 is formed into a cylindrical
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shape having the same diameter as that of the reactor
tank 10, and is set at a circumferential side surface
around an upper end ©f the reactor tank 10. Then, the
treated water separation chamber 17 to which the treated
water flows through the side surface screen 13 is provided
at an outer circumference arcund this upper end. Here,
if an inner surface part of the reactor tank 10 at upper
side of the side surface screen 13, which is scaked in
the liquid phase, 1s formed by the slit cor the lattice
{(or the grid) screen such as the wedge wire, the floating
micreoorganism agglomerates are pushed out to an outflow
side by the fleow of the water to be treated and the side
surface screen 13 tends to be clogged with the
micreorganism agglomerates. Thus, it is desirable that
the inner surface part of the reactor tank 10 of the upper
portion of the side surface screen 13 have no permeability
of the water.

[0045] (Explanation of Operation)

Anexample of operationof thewastewatertreatment device
1 will be explained with reference to Fig. 3.

[0046] Thewatertobetreatedissuppliedintothereactor
tank 10 from the bottom 100 through the supply pipe 101
by the pump P1. When the water to be treated ig supplied
into the reactor tank 10, the nitrogen compound centained
in the water to be treated ils decomposed by the
microorganism agglomerates that form the bed 19, For
instance, the nltrous acid and Lhe amnmonia component
contained in the water to be treated are converted into
nitrogen gas by the denitrification reaction, indicated

bytheexpression (1) asanexample, by the anammox bacteria
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that 1s one of bacteria forming the microorganism
agglomerates. The nitrogen gas generated from the
microorganism agglomerates goes up or ascends toward a
liquid level in the reactor tank 10 by the upward water
flow (ascending water flow). The microorganism
agglomerates existing around the beottom 100 where
biological activity is highest could lose sedimentation
by the attachment of the ailr bubble of Lhe gas due to
strong gas generation, and these microorganism
agglomerates go up or ascend by the ascending water flow
(by riding the ascending water flow). During the
ascending of the microorganism agglomerates to which the
glir bubkbles are attached, the air bubbles are released
from the microorganism agglomerates by an effect of the
ascending water flow, and a part of the microorganism
agglomerates having no air bubbles by the release of the
air bubbles returns to the bed 19 by its own weight. 1In
this ascending process, the microorganism agglomerates
which have the air bubbles without release of the air
bubbles and the air bubbles which are released from the
microorganism agglomerates go up or ascend in the reactor
tank 10 then move to an area around the ligquid level.
When the ascending air bubbles reach the liguid level,
the air bubbles are released, as the gas, into a gas phase
in the reacter tank 10 and exhausted out of The waste
water treatment device Iroman eshaunst pipe 103, Further,
the microorganism agglomerates separated from the air
bubbles when floating up to or toward the liquid level
go down by thelr own weight and sink toward the bed 19,

In addition, in this area in the reacltor tank 10, when
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the microorganism agglomerates to which the air bubbles
arestill attachedcontact orcellidewiththe side surface
screen 13 by riding a flow of the treated water flowing
out of the waste water treatment device through the side
surface screen 13, the air bubbles are released from a
part of the microorganism agglomerates and the gas is
released into the gas phase, then the microorganism
agglomerates separated from the air bubbles go down by
their own'weight and sink toward the bed 19.

{0047 The water to be treated coming up to the upper
layer around the ligquid level in the reactor tank 10 is
discharged oul ¢f the waste water treatment device from
the outflow pipe 171 of the treated water separation
chamber 17 after being solid-ligquid-separated by the side
surface screen 13.

[0048] InthepHadjustment tank 18, apHcontrol chemical
agent such as acid is added to the treated water flowing
out from the treated water separation chamber 17, then
the pH of the treated water is adjusted so as to be in
the pH range in which the activity of the reaction of
the microorganism agglomerates iz high. More
specifically, the pH of the treated water is adjusted
so that the pH of the treated water is around neutrality
(pH 7.1 ~7.4). The pH-adjusted treatedwater is injected
te the areas close to the lower portion of the bed 19
in the reactor tank 10 Lrom the return pipe 181 through
the return pipes 181b and 18lc by a pump P2. As a
consequence, a liquid phase condition of the reactor tank
10 can he ph-adijusted to the pH range {(e.g. pH approx.

7.5 or less) in which the biologilcal activity of the
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microcrganism agglomerates can be kept. In order to
dilute the substrate concentration of the water to be
treated, a part of the treated water is supplied into
the supply pipe 101 through the return pipe 181la for
clirculaticnafter being introduced into the pH adjustment
system (the pH control system) through the circulation
pipe 172.

[0C049]) (Effect)

According to the wasle water treatment device 1, by
injecting the pH-adjusted treated water to the bed 19
in the reactor tank 10, it is possible to contrcl the
water quality of the bed 19 to be the water quality by
which the activity cf the anammox bacteria can be kept
high.

[0050] That is, by injecting the pH-adijusted treated
water to the areas close to the lower portion of the bed
19 in the reactoer tank 10, the pH increasing by biclogical
Lreatment can be lowered. In addition, the water Lo be
treated supplied intc the reactor tank 10 and reaction
product produced by the anammox reaction can be diluted
simultaneously. Further, by diluting the water to be
treated supplied into the reactor tank 10 by the return
of the pH-adijusted treated water, such high cencentration
substrate as to inhibit the biological activity of the
microorganismagglomerates is brought to a concentration
level at which Uho activity of the microorganismn
agglomerates is not inhibited, then anasrcbic biological
activity of the bed 19 can be kept. As a resull, since
it is possible to extend the area where the activity of

the microcrganism agglomerates can be kept, the waste
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water treatment with high load can be carried out.
Moreover, since the volume of the reactor tank 10 can
be effectively used, size reduction of the reactor tank
10 can be realized.

[G051] In additicn, since the pl-adjusted treated water
returned to the reactor tank 10 is the treated water that
has flowed in the reactor tank 10, its dissolved oxygen
concentration is low. Thus, by using the treated water
as the returning water for the pH adjustment of the bed
19, it is possible to lessen the effect of the dissolved
oxygen on the anammex bacteria. Here, regarding pHE
adjustment water {(pH contrcl water) iniected from the
return pipes 181b and 18lc, it is nct limited to the
returning of the pH-adjusted treated water as described
in the present embodiment. When a pH-adjusted solution
is injected, the effect of the present inventicn can he
chitained.

[0052] Additionally, if a plurality of return pipes for
injecting the pH-adjusted treated water are provided in
the height direction of the reactor tank 10 and also a
valve (not shown) is provided in each return pipe, by
controlling thisvaive, thepHadjustment and thedilution
of the water to be treated can be performed according
to a change of the biological activity in the reactor
rtank 10 (according to the pH variation and a change of
the substrate concentration in the height direction of
the reactor tank 10).

(00531 As shown in (a) of Fig. 4, in a case where the
waste water treatwent device 1 1s operated with a high

nitrogen volume lcad like the nitrogen volume load (NLR)
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7.0 kg-N/m>/day, if the pH-adjusted treated water is not
injected, pH of the water to be treated in the reactor
tank 10 already increases to pH 8.5 at an almost middle
of the height of the reactor tank 10. If the pH of the
watertobetreatedflowinginthe reactortankl0increases
in this way, the activity of the microorganism
agglomerates could be inhibited. On the cther hand, in
the waste waler treatment device 1 according to the
embodiment of the present invention, by injecting the
pH-adjusted treated water into the reactor tank 10 from
the side surxface of the reactor tank 10, as can be seen
in (b) of Fig. 4, an increase of pH due Lo the reaction
in the reactor tank 10 can be suppressed. (b) of Fig.
4 shows that, by injecting the pH~adjusted treated water
into the bed 19 in the reactor tank 10, more specifically,
by injecting the pH~adjusted treatedwater to the position
which corresponds to 50% or less of the height of the
bed 19 inthe reactortank 10, eveninthe caseof acondition
shown in (a) of Fig. 4 in which the pH in the reactor
tank 10 is cut of or exceeds pH 8.0 and the nitrogen removal
reaction by the anammox bacteria does not cccur due to
the pH inhibition, the pH adjustment is performed so as
tobe in the favorable pH range, then the anammox reaction
can be carried ocut again. That is to say, when the
pH-adiusted treated water is injected to the position
which corresponds to HU% or less of the height of the
bed 19 in the reactor tank 10, in the process operation
with the highnitrogen loadand/or the lowpHbuffer nature,
itispossibletoeffectively keap or recover the condition

of the favorable pH range. Consequently, an effective
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area of the bed 18 formed by the fact that themicroorganism
agglomerates sediment or depcsit (the area where the
activity of the bed 19 in the reactor tank 10 can he kept)
can be extended. Hence, even in the case of the operation
of the waste water treatment with the high load, the
anaerobic waste water treatment can be performed while
keeping the activity of the microorganism agglomerates
high.

00547 [Embodiment 2]

Awastewater treatment deviceZ andawastewater treatment
method by this device, according to an embodiment 2 of
the present invention, will be explained with reference
te Fig. 5.

[0055] The waslte water treatment device 2 of the
empodiment 2 shown in Fig. 5 has the same configuration
as that of the embodiment 1, except that the waste water
treatment device 2 has an air bubble separation member
that separates the micrecorganism and the gas generated
by the contact reaction between the microorganism and
thewater tobe treated in the reactor tank 10. Therefore,
the same component as that of the embodiment 1 is indicated
by the same reference sign, and its explanation is omitted
here.

[D056] (Configuration of Device)

The waste water Lreatment device 2 has the reactor tank
140, the pHl adjiustment tank (the pl control tank) 18, an
alrbubble separationscreen 1]l andthe side surface screen

-

13. The return pipe 181 that is connected to the pH

[, %4 T R e R L el T 3o - Ty o oy e R T o T
adijustment tank 18 branches inte the return pipes 181la
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[0057] The air bubble separation screen 11 separates the
alr bubbles from the microorganism agglomerates to which
the air bubbles of gas generated from the bed 19 staying
around the bottom 100 of the reactor tank 10 by microbial
reaction are attached, by the fact that the microorganism
agglomerates towhich the airbubbles are attached contact
or collide with the air bubble separation screen 11. The
alr bubble separation screen 11 1s formed from a slit
or lattice {or grid) screen such as a conical-shaped wedge
wire screen.

[0058] In the waste water treatment device 2 of fhe
embodiment 2, the return pipes 181b and 181lc are provided
at side surfaces of the reactor tank 10 so that the
pHE-~adjusted lreated water is injected to the water to
bhe treated below the air bubble separation screen 11.
[0059] (Explanation of Operation)

Anexample of operationof thewastewater treatment device
2 will be explained with reference to Fig. 5.

[0060] Thewatertobetreatedissuppliedintothereactor
tank 10 from the bottom 100 through the supply pipe 101
by the pump P1. When the water to be treated is supplied
into the reactor tank 10, the nitrogen compound contained
in the water to be treated ig decomposed by the
microorganism agglemerates that form the bed 19, TFor
instance, the nitrous acid and the ammonia component eto.
contained in the water Lo be trealted arve converted into
nitrogen gas by the denitrification reaction by the
anammox paclteria that is one of bacteria forming the
micreorganism agglomerates. The air bubbles such ag the

3

nitrogen gas generated from the microorganism
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agglomerates go up or ascend toward the liguid level in
the reactor tank 10 by the upward water flow {ascending
water flow}. The microorganism agglomerates existing
around the bottom 100 where biological activity is highest
could lose sedimentation by the attachment of the air
bubble of the gas due to strong gas generation, and these
microorganism agglomerates go up or ascend by the
ascending water flow (byriding the ascendingwater flow).
[0061] The microorganism agglomerétes to which the air
bubbles are attached contact orcollidewiththeairbubble
separation screen 11 set in the bed 19, the air bubbles
are therefore released immediately. Thus, since the
microorganism agglomerates having no air bubbles by the
release of the air bubbles are apt to stay around the
bottom 100, a degree of agglomeration of themicroorganism
agglomerates forming the bed 19 can be increased. On the
other hand, the water to be treated that is treated by
the bed 19 is solid-liquid-separated by the air bubble
separation screenll, and thereafter moves or flows toward
the upper layer of the reactor tank 10 by the ascending
water flow (by riding the ascending water flow).
[0062] Inadditicn, when the microorganismagglomerates
to which the air bubbles are attached contact or collide
with the side surface screen 13 by riding the flow of
the treated water flowing out of the waste water traatment
device through the side surface screen 13, the alr bubbles
are released fromapart of themicroorganismagglomerates
and the gas 1s released into the gas phase, then the

microorganism agglomerates sink toward the bhed 19,
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[0063] The water to be treated coming up to the upper
layer around the liguid level in the reactor tank 10 is
discharged out of the waste water treatment device from
the outflow pipe 171 of the treated water separation
chamber 17 after being solid-liquid-separatedby the side
surface screen 13. A part of the treated water in the
treated water separation chamber 17 is flown to the pH
adjustment tank 18 through the circulation pipe 172.
[0064] In the pH adjustment tank 18, the pH control
chemical agent such as acid is added to the treated water
flowing out from the treated water separation chamber
17, then the pH of the treated water is adjusted up to
arcundneutrality (pH7.1~7.4). ThepH~adjustedtreated
water is supplied to the area below the air bubble
separation screen 11 in the reactor tank 10 fromthe return
pipe 181 through the return pipes 181k and 18lc¢ by the
pump P2. As a consequence, the liquid phase condition
of the reactor tank 10 can be ph-adjusted to the pH range
{e.g. pH approx. 7.5 or less) in which the biological
activity of the microorganism agglomerates can be kept.
In order to dilute the substrate concentration of the
water tobe treated, apart of the treatedwater is supplied
into the supply pipe 101 through the return pipe 181a
for circulation after being ph-adjusted in the pH
adjustment tank 18.

UGnh] (milect)

According to the waste water treatment device 2, it is
possible to separate the air bubbles from the floating
microorganism agglomerates and to control the water

quality, in the height direction of the reactor tank 10,
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of the bed 19 to be the water quality by which the
microcerganism can keep the high activity. Further, the
injection point of the pH-adijusted treated water is set
to a position where the air bubble separation screen 11
is provided in the reactor tank 10. Thus, in addition
to the effects of the waste water treatment device 1 of
the embodiment 1, it is possible, by momentum or impetus
of the water (or flow of the water) upon injection of
the pH-adjusted treated water, fo prevent the
microorganism agglomerates from being attached to the
air bubble separation screen 11. Also, it is possible
to facilitate the separation of the air bubbles from the
microorganism agglomerates, thereby increasing the
degree of agglomerationof themicroorganismagglomerates
forming the bed 19.

[0C&&] Further, there occurs a case where the water
quality of the bed 19 or of the water to be treated changes
according to a reaction condition or a reaction treatment
time in the reactor tank 10. In the waste water treatment
device 2 of the embodiment 2 of the present invention,
by injecting the pH-adjusted treatedwater to the position

according to the air bubble separation screen 11, it is

microorganism agglomerates in the reactor tank 10 to be

high, regardless of the height of the hed 19. That is,

se where he bed 1Y sediments or deposits below
the air bubble separation screen 11, by controlling ph
between the bed 19 and the air bubble separation screen
11 so that the activity of the microorganismagglomerates

isnot inhibited, the floatingmicroorganismagglomerates
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are returned to the bed 19 again while keeping their
activity. Growthof thebed 19 can therefore be promoted.
Moreover, ina case where the air bubble separation screen
11 is buried in the bed 19 (the air bubble separation
screen 11 is located in the bed 19}, by injecting the
pH-adjusted treated water to the bed 19 where the air
bubbles are generated, it is possible to contrel the water
gquality of the area where themicrobial reaction is active
to be in the state in which the microorganism can keep
the high activity.

[00667] Here, if the return pipes 181b and 18lc are set
so that the pH-adjusted treated water directly strikes
theairbubble separation screenl1l, bymomentumor impetus
of the pH-adjusted treated water {or flow of the
pH-adjusted treated water), the microorganism
agglomerates being attached to the air bubble separation
screen 11 can be split off.

[0068] As explained by the embodiments 1 and 2 above,
according to the waste water treatment device and the
waste water treatment method of the present invention,
by injecting the pH-adjusted treated water to the area
close to the lower portion of the bed, the increase of
pH in the reactor tank can bhe suppressed, and also the
dilution of the substrate of the water to be treated (or
the dilution of the reaction product) can be adequately
pericmed. Thal ls, the pi increase of the water to be
treated with progress of the anammox reactlon can be
suppressed. Inpaddition, in the case where the substrate
concentration of the water To be treated increases to

the concentration at which there is a possibility that
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the activity of the anammox bacteria will be inhibited,
it is possible to control the pH so as to lessen the effect
of the irnhibition factor. The reaction activity of the
microorganism agglomerates in the reactor tank can
therefore be kept high.

[00692] Here, the waste water treatment device and the
waste water treatment method of the present invention
are not limited to the above embodiments, and can be
modified as necessary as long as the modifications do
not lose their effects. For instance, the shape of the
reactor tank is not limited to the cylindrical shape.
It could be a rectangle in cross section or polygon tube.
Further, the shape of the air bubble separation screen
is not limited to the conical shape. As long as the air
bubble separation screen has a surface that inclines with
respect to the horizontal, in a case of a reactor tank
having the polygon tubular shape whose cross section is
rectangle, the air bubble separation screen might be
formed into a plate shape that extends in a longitudinal
direction of the reactor tank and inclines with respect
to the horizontal.

(0070} PFurther, although the embodiments in which the
denitrification process by the anammox bacteria is
performed have been explained, even when the waste water
Lreatment device and the waste water treatment method
0L the present invention are applied to a conventional
deniteification process by the anaeroble heterotrophic
bacteria (denitrifying bacteria), the same effects can
be gained. That is, a pl range in which the heterctrophic

bacteria can keep the high activity is around neutrality,
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reactionby the denitrifyingbacteria occurs as indicated
by the following expressions (2) and (3), and it is

conceivable that the pH of the water Lo be treated will

increase.
NOz™ + 3H" - 1/2N, + H0 + OH™ ... (2)
NO3™ + 5H' —» 1/2N; + 2H,0 + OH™ ... (3)

Thus, by pH-adjusting the treated water and supplying
it to the bed, it is possible to control the water quality
of the water to be treated so as to be in the pH range
in which the activity of the heterotrophic bacteria is
high. Asaconsequence, theactivityof theheterotrophic
bacteria can be kept, and the UASB process with the high
load can be carried out.

EXPLANATION OF REFERENCE

[0D071]

1, 2, 5 - waste water treatment device (waste water
treatment equipment)

10, 50 '-- reactor tank

11 - air bubble separation screen (air bubble separation
member)

13 - side surface screen

18 - pH adjustment tank (pH control tank)

19 - bed (sedimentary layer of microorganism)

181, l8la ~ 18lc - return pipe
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CLALIMS

A waste water treatment device by which water to be

treated is brought into contact with microorganism

in an ascending water flow and nitrogen compound

contained in the water to be treated is decomposed,

the waste water treatment device comprising:

a reactor tank that is supplied with the water to

be treated from a bottom of the reactor tank and
discharges thewater tobe treatedastreatedwater
from an upper portion of the reactor tank after
the water to be treated is brought into contact

with the microorganism;

aplcontrol tank that controls a part of the treated

water discharged from the reactor tank so that
pH of the part of the treated water is adjusted
to a pH range in which reaction activity of the
microorganism is high; and |

line that injects the treated water pH-adjusted
in the pH control tank to a position, the position
being separate from a supply portion of the water
to pe treated in a flow direction of the water
to be treated, in a sedimentary laver of the
microorganism which sediments in the reactor

Lank.

The waste water treatment device as claimed in olaim

1,

s osel

wherein:

the line injecting the pH-adjusted treated water

go That the pH-adiusted Lreated waler is
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injected to a positicn of 50% or less of a height

of the sedimentary layer of the microorganism.

The waste water treatmaent device as claimed in claim
1 or 2, wherein:
the pH-adjusted treated water is injected without

being mixed with the water to be treated.

The waste water treatment device as claimed in any

one of the preceding claims 1 to 3, wherein:
aplurality of the lines that inject the pH-adijusted
treated water are provided in the flow direction

of the water to be treated in the reactocr tank.

A waste water treatment device by which water Lo be
treated is brought into contact with microorganism
in an ascending water flow and nitrogen compound
contained in the water to be treated is decomposed,
the waste water treatment device comprising:
a reactor tank that is supplied with the water to
" be treated from a bottom of the reactor tank and
discharges thewater tobe treatedas treatedwater
from an upper portion of the reactor tank after
the water to be treated is brought into contact
with the microorganism;:
apicontrol tank that controls apart of the treated
water discharged from the reactor Lank so that
pH of the part of the treated water is adjusted
to a pH range in which reaction activity of the

microorganism is high;
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an air bubble separation member that is provided
in the reactor tank and separates the
microorganism and alr bubbles generated by a
reaction between the microorganism and the water
to be treated; and

a line that injects the treated water pH-adjusted
in the pH contrel tank Lo a position that is below
the air bubble separation member and is separate
from a supply portion of the water to be treated

ina flow direction of the water to be treated.

A waste water treatment method by a waste water
treatmenlt device, the waste water treatment device
having a reactor tank in which contact reaction
between water to be treated and microorganism occurs
and a pH control tank that controls a part of treated
water after being treated in the reactor tank so that
pH of the part of the treated water is adjusted to
a pH range in which reaction activity of the

microorganism is high, the method comprising:

supplying the water to be treated into the reactor
tank from a bottom of the reactor tank and
discharging the water to be treated as Lrealted
water from an upper portion of the reactor tank
atter the water to be treated is brought into
contaot with the microorganism;

controlling a part of the discharged treated water
in the pH control tank so that pH of the part of

the discharged treated water 1s adiusted to the

A oaed TR
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pH range in which reactiocn activity of the
microorganism is high; and

injecting the pH-adjusted treated water to a
position, the position being separate from a
supply portion of the water to be treated in a
flow direction of the water to be treated, in a
sedimentary layer of the microorganism which

sediments in the reactor tank.

A waste water treatment method by a waste water
treatment device, the waste water treatmentl device
having a reactor tank in which contact reaction
between water tobe treated andmicroorganismoccurs,
an air bubble separation member that is provided in
the reactor tank and separates the microorganism and
air bubbles generated by & reaction between the
microorganism and the water to be treated and a pH
control tank that controls a part of treated water
after being treated in the reactor tank so that pH
of the part of the treated water is adjusted to a
pH range in which reaction activity of the

microorganism is high, the method comprising:

tank from a bottom of the reactor tank and
discharging the water to be treated as treated
water Lrom an upper portion of the reactor Lank
alter the water to be Lreated is brought. into
contact with the microorganism;

contyoliing a part of the discharged treated wator

in the pH control tank so that pH of the part of
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the discharged treated water is adjusted to the
pH range in which reaction activity of the
microorganism is high; and

injecting the treated water pH-adjusted in the pH
control tank to a position that is below the air
bubble separation member and is separate from a
supply pertion of the water to be treated in a

flow direction of the walter to be treated.



