Title of Invention: METHOD FOR Bl OLOd CALLY TREATI NG ORGANI C
WASTEWATER

Field of the Invention

[ 0001] The present invention relates to a nethod for
biologically treating organi c wastewater such as donestic
wast ewat er, sewage, and wastewater fromfood factories and
pul p factories and specifically relates to a nmethod for
biologically treating organic wastewater in which organic
wast ewater i s passed through an aerobic first biological
treatment tank in order to generate di spersed bacteria by
using bacteria and first biologically treated water fromthe
first biological treatnment tank, which contains the

di spersed bacteria, is subsequently introduced into an

aer obi ¢ second biological treatnment tank containing a
fluidized-bed carrier so that ani mal cul es prey upon the

di spersed bacteri a.

Background of the Invention

[ 0002] An activated sludge process, which is used for
biologically treating organic wastewater, has been w dely
used in sewage treatnent, industrial wastewater treatnent,
and the like since it enables, for exanple, treated water
having high quality to be produced with | ow mai nt enance
requi renent. However, the activated sludge process requires
a |l arge area because an operation at a BOD volunetric

| oading rate of about 0.5 to 0.8 kg/n/d is performed in the



activated sludge process. Furthernore, 20% of the anmount of
deconposed BOD is converted into bacterial cells, that is,
sl udge, which creates a need to treat a | arge anount of
excess sl udge.

[ 0003] A known exanpl e of high-load treatnment of organic
wastewater is a fluidized-bed nmethod in which a carrier is
used. In this nmethod, an operation at a BOD vol unetric

| oading rate of 3 kg/nf/d or nmore can be achi eved. However,
t he anobunt of sludge generated in this nmethod is about 30%
of the anount of deconposed BOD, which is larger than the
anount of sludge generated in an ordinary activated sl udge
process.

[ 0004] I n Japanese Patent Publication 55-20649B, it is
descri bed that the amobunt of excess sludge can be reduced by
treating organi c wastewater with bacteria in a first
treatment tank in order to oxidatively deconpose organic
subst ances contained in the wastewater and convert the
organi ¢ substances into bacterial cells of non-flocculating
bacteria and subsequently renoving the bacterial cells by
utilizing predation by sessile protozoa in a second
treatment tank. Furthernore, in the above nethod, a high-

| oad operation can be achieved and the treatment efficiency
of the activated sludge process can be increased. There
have been proposed various wastewater treatnent nmethods in

whi ch predation by protozoa or nmetazoa, which are creatures



hi gher than bacteria, is utilized as described above.

[ 0005] Japanese Patent Publication 2000-210692A proposes
count er measur es agai nst the degradation of treatnent
performance due to fluctuations in the quality of raw water,
whi ch may occur in the treatnent nethod described in
Japanese Patent Publication 55-20649B. Specific exanpl es of
t he counterneasures include "controlling fluctuations in the
BOD of water to be treated to be within a range of plus or

m nus 50% of the nedi an of the average concentration”,
"measuring the qualities of water contained in a first
treatnment tank and first treated water over tine", and
"adding a mcrobial preparation or seed sludge to the first
treatment tank when the quality of the first treated water

i s poor".

[ 0006] Japanese Patent Publication 60-23832B proposes a
met hod i n which, when bacteria, yeast, actinonycetes, algae,
fungus, or primary sedi mentation sludge or excess sludge
generated in wastewater treatnment are preyed upon by

prot ozoa or nmetazoa, the flock sizes of the above preys are
reduced by performng an ultrasonic treatnent or nechani cal
agitation so as to be snmaller than the nmouth of the protozoa
or netazoa.

[ 0007] A nethod for biologically treating organic
wastewater in which a nultistage treatnent using a fluidized

bed and an activated sludge process in conbination is



enpl oyed is described in Japanese Patent 3410699. In this
met hod, the auto-oxidation of the sludge is induced by
operating the latter activated sludge process at a | ow BOD
sl udge | oading rate of 0.1 kg-BOD/ kg-M.SS/d or |ess, which
mar kedl y reduce the anmount of sludge drained.

[ 0008] The above-described nultistage activated sl udge
process in which predation by animalcules is utilized has
been in practical use for treating organic wastewater and is
capabl e of increasing treatnent efficiency and reducing the
anount of sludge generated by about 50% dependi ng on the
type of wastewater targeted. However, the reduction in the
anount of sludge is not achieved consistently. This is
because a nethod for maintaining animalcules in a consistent
manner has not yet been established and the ratio between
the bacteria that serve as preys and ani mal cul es has not yet
been specifi ed.

[ 0009] WO2007/ 088860 descri bes a technique in which the
anount of m croorgani sns present inside a mcroorgani sm
hol di ng tank, which contribute to a reduction in the anount
of sludge, is maintained to be consistent by reducing the
sol ubl e BOD sl udge | oading rate on a second bi ol ogi cal
treatnment tank in which ani mal cul es are hel d.

[ 0010] However, if the anmount of dispersed bacteria
present inside water treated in the first biological tank,

which are to be charged into the second biol ogi cal treatnent



tank, is excessively large, aninmalcules present inside the
second treatnent tank may fail to conpletely prey upon the
di spersed bacteria. In such a case, the anopunt of sludge
generated is not reduced. In addition, since it is
difficult to performsolid-liquid separation of dispersed
bacteria, it is necessary to performsolid-liquid separation
under mld condition regardl ess of the type of the solid-
liquid separating neans used. Moreover, the dispersed
bacteria contained in the first biologically treated water
are in a logarithmc gromh phase. Therefore, if the
di spersed bacteria are not preyed upon by ani mal cul es but
are auto-di gested, the anmount of sol uble organi c substance
conponents may be increased, which makes it difficult to
reuse water (recover wastewater).
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bj ect of the Invention

[ 0012] An object of the present invention is to provide a
met hod for biologically treating organi c wastewater, the

met hod i ncl udi ng passi ng organi ¢ wast ewater through an
aerobic first biological treatnment tank in order to generate
di spersed bacteria by using bacteria and subsequently
introducing first biologically treated water fromthe first
bi ol ogi cal treatnent tank, which contains the dispersed
bacteria, into an aerobic second biol ogical treatnent tank
containing a fluidized-bed carrier so that animal cul es prey
upon the dispersed bacteria. In the method for biologically
treating organi c wastewater, a biological treatnment can be
performed in a consistent manner since the dispersed
bacteria are adequately preyed upon in the second bi ol ogi cal
treatment tank

Summary of the Invention

[ 0013] The present invention provides a nmethod for
biologically treating organi c wastewater, the nethod

conpri sing passing organi c wastewater through an aerobic
first biological treatnment tank in order to generate

di spersed bacteria by using bacteria and subsequently
introducing first biologically treated water fromthe first
bi ol ogi cal treatnent tank, the first biologically treated
wat er containing the dispersed bacteria, into an aerobic

second biol ogical treatnent tank containing a fl uidized-bed



carrier so that animal cul es prey upon the dispersed bacteria,
wherein an overall BOD volunetric loading rate is 5 kg/n/d
or less, and wherein a rate at which a | oad of SS derived
fromthe dispersed bacteria contained in the first
biologically treated water is placed on the carrier
contained in the second biological treatnment tank
(hereinafter, referred to as "dispersed bacteria-carrier
| oading rate") is 8 kg-SS/nf-carrier/d or |ess.
Advant ageous Effects of the Invention
[ 0014] In the method according to the present invention,
generation of dispersed bacteria in the first biol ogical
treatment tank and predation of the dispersed bacteria by
ani mal cul es in the second biological treatnment tank occur in
a bal anced manner. This reduces the risk that the dispersed
bacteria present inside the second biological treatnent tank
may fail to be conpletely renoved (i.e., fail to be
conpl etely preyed upon).
Brief Description of Draw ngs
[ 0015] [Fig. 1] Fig. 1is a flowdiagramillustrating a
met hod for biologically treating organi c wastewater
according to an enbodi nment.

[Fig. 2] Fig. 2is aflowdiagramillustrating a nethod
for biologically treating organi c wastewater according to an
enbodi ment .

[Fig. 3] Fig. 3is aflowdiagramillustrating a nethod



for biologically treating organi c wastewater according to an
enbodi ment .

Description of Enmbodi nent

[ 0016] The present invention is described nore in detai
bel ow.

[ 0017] Fig. 1 illustrates a nethod for biologically
treating organi c wastewater according to an enbodi nent of
the present invention. Oganic wastewater is treated using
a first biological treatnent tank 1 and a second bi ol ogi cal
treatnment tank 2. In this enbodi nent, aeration neans 1b is
di sposed at the bottom of the first biological treatnent
tank 1, and the first biological treatnment tank 1 serves as
an aeration tank that does not contain a carrier. The
second biological treatnent tank 2 includes aeration neans
2b di sposed at the bottomthereof and serves as an aeration
tank containing a carrier 2a.

[ 0018] Organic wastewater is introduced into the first

bi ol ogi cal treatnent tank 1, and 70% or nore, desirably 80%
or nore, and nore desirably 85%to 90% of the anount of
organi ¢ conponent (soluble BOD) of the organic wastewater is
oxi datively deconposed by using bacteria. The pH of the
first biological treatnment tank 1 is 6 or nore and is
desirably 8 or less. The pH of the first biological
treatnment tank 1 may be 8.0 or nore when the raw water

contains a |l arge anount of oil, an organic solvent, or a



surfactant. Setting the BOD volunetric |oading rate on the
first biological treatment tank 1 to 1 kg/n¥/d or nore, the
HRT of the tank to 24 h or less, and the DO of the tank to 1
mg/ L or less and desirably to 0.05 to 0.5 ng/L enabl es
treated water in which dispersed bacteria are dom nant to be
produced. Reducing the HRT of the tank enabl es wastewater
having a | ow BOD concentration to be treated at a high | oad.
[ 0019] Optionally, part of treated water fromthe latter
bi ol ogi cal treatnent tank, which contains sludge, may be
returned to the first biological treatnent tank 1
Alternatively, the first biological treatnment tank 1 may be
a nmultistage biological treatnment tank. However, a
retention tinme (HRT) larger than the optinmumretention tinme
may cause fil anentous bacteria to gain dom nance and
formation of flock to occur, which results in generation of
bacteria that are less likely to be preyed upon in the
second biological treatnent tank 2. Thus, the HRT of the
first biological treatnment tank 1 is preferably controlled
to be constant. Since the optimum HRT vari es dependi ng on
the type of wastewater, it is necessary to determ ne an HRT
at which 70%to 90% of the anmpbunt of organi c conponent can
be renoved on the basis of the results of a prelimnary test,
a simulation, or the like. Exanples of a nethod for

mai ntai ning the HRT to be optimminclude a method in which

part of treated water is returned to the first biologica



treatnment tank 1 when the anobunt of wastewater is small in
order to maintain the anount of water passed into the first
bi ol ogical treatnent tank 1 to be constant, which enables
the HRT of the first biological treatnent tank 1 to be

mai nt ai ned constant; and a nethod in which the water |evel
in the first biological treatnent tank 1 is changed in
accordance with fluctuations in the amobunt of wastewater.
The HRT of the first biological treatnment tank 1 is
desirably maintained constant so as to be within a range of
0.75 to 1.5 tines the optimum HRT determ ned from a
prelimnary test, a sinulation, or the |ike.

[ 0020] Water treated in the first biological treatnent
tank 1 is introduced into the second bi ol ogi cal treatnent
tank 2, which includes the aeration nmeans 2b di sposed at the
bottom thereof. Oxidative deconposition of the renaining
part of the organic conponent, autolysis of dispersed
bacteria, and a reduction in the anount of excess sludge due
to predation by aninmalcules are performed in the second

bi ol ogi cal treatnent tank 2. Since the action of

ani mal cul es having a lower proliferation rate than bacteria
and the autolysis of bacteria are utilized in the second

bi ol ogical treatnent tank 2, it is preferable to enpl oy
operating conditions and a treatnent apparatus that enable
ani mal cul es and bacteria to be retained inside the system

In order to i ncrease the amount of ani mal cul es retai ned



inside the tank, a carrier-separation screen 2c is disposed
at a drainage portion of the second biol ogical treatnent
tank 2. Furthernore, a fluidized-bed carrier 2a is used in
order to forma fluidized bed.

[ 0021] The particles of the fluidized-bed carrier 2a may
have any shape such as a spherical shape, a pellet-Ilike
shape, a hollow cylindrical shape, or a filamentous shape.
The particles of the carrier 2a preferably have a dianeter
of about 0.1 to 10 mm The carrier 2a nmay be conposed of
any material such as a natural material, an inorganic
material, or a polyneric material. A gelatinous substance
may al so be used. The particles of the carrier 2a are
desirably rectangul ar carrier particles conposed of plastic
foam It is also possible to add, in addition to the

fluidi zed-bed carrier, a filamentous carrier or a sheet-like
carrier to the tank and fix portions of the particles of the
filamentous carrier or sheet-like carrier to the inside of
the tank in order to forman oscillating bed. This enables
an overall carrier-filling proportion to be reduced.

[ 0022] In the present invention, the dispersed bacteria
can be conpletely preyed upon by aninmalcules with certainty
by setting an overall BOD volunetric |oading rate to 5
kg/m/d or less (the loading rate is set to be equal to or

| ess than the predeterm ned | oading rate even when the raw

water is fluctuated) and controlling, for exanple, the DO of



the first biological treatnment tank 1 and the carrier-
filling proportion of the second biological treatnment tank 2
such that a dispersed bacteria-carrier |loading rate of 8 kg-
SS/mi-carrier/d or less is achieved. In the case where the
second biological treatnent further contains the
oscillating-bed carrier, the term"di spersed bacteri a-
carrier loading rate"” refers to a rate at which a | oad of

di spersed bacteria is placed on all the carrier particles

i ncluding fluidized-bed carrier particles and the
oscillating-bed carrier particles.

[ 0023] It is preferable to consider that fine SS particles
contained in first biologically treated water which are
capabl e of passing through an 8-um pol ycarbonate filter are
SS particles derived fromthe dispersed bacteri a.

[ 0024] SS particles contained in the first biologically
treated water are classified into SS particles derived from
di spersed bacteria contained in raw water, SS particles

ot her than bacterial cells, and SS particles derived from

di spersed bacteria generated in the first biol ogical
treatnent tank 1. The size of SS particles derived from

di spersed bacteria is less than 8 umin ternms of the

di aneter of bacterial cells and is, for exanple, about 1 to
5 um The dianeter of SS particles other than bacteri al
cells which are less likely to be preyed upon by filter-

predation animal cules is generally nore than 8 umand is,



for exanple, about 10 to 50 um Thus, it is preferable to
consider that SS particles capable of passing through a
filter having a mesh size of 8 umare SS particles derived
from di spersed bacteria. The filter is preferably a
perforated polycarbonate filter because, if a fibrous filter
such as filter paper is used, fine SS particles may al so be
captured on the filter. The operating conditions of the
second biological treatnent tank 2, such as the anount of
carrier added to the second biological treatnent tank 2, are
controlled on the basis of the results of nmeasurenment of the
SS particles such that the | oad of the dispersed bacteria

pl aced on the second biol ogical treatnment tank 2 does not
exceed the limt.

[ 0025] As described above, a |l arge part of organic

subst ances, that is, specifically, 70%or nore and desirably
80% or nore of the anpbunt of BOD contained in wastewater, is
preferably deconposed and converted into bacterial cells in
a consistent manner in the first biological treatnent tank 1.
Accordingly, it is desirable to dispose a carrier-separation
screen 1lc at a drainage portion of the first biol ogical
treatnment tank 1 and add a carrier la to the first

bi ol ogical treatnent tank 1 in order to forma fluidized bed
as illustrated in Fig. 2. If the carrier-filling proportion
of the first biological treatnent tank 1 is excessively high,

di spersed bacteria are not able to be generated. In such a



case, bacteria adhere to the carrier, or filanmentous
bacteria grow. Therefore, the proportion of the carrier
charged into the first biological treatnment tank 1 is
preferably set to 20% or less and is particularly preferably
10% or less in order to generate dispersed bacteria that are
likely to be preyed upon regardless of fluctuations in
concentration. Carriers that can be used as the carrier 2a
of the second biological treatnent tank 2 may al so be used
as the carrier la of the first biological treatnent tank 1.
[ 0026] A large anount of platfornms are required in the
second biological treatnent tank 2 in order to maintain

ani mal cul es. Thus, in the case where a fluidized bed is
formed, the proportion of carrier charged into the second

bi ol ogical treatnent tank 2 is desirably set to 10% or nore
and is particularly desirably set to 20% or nore, that is,
for exanple, 20%to 40%

[ 0027] The pH of the second biological treatnment tank is
preferably set to 7.0 or less, that is, for exanple, 6.0 to
7.0, in order to pronote predation by ani nmal cul es.

[ 0028] In the case where sol ubl e organi ¢ substances are
al nost conpl etely deconposed in the first biologica
treatnent tank 1 when the load is low at the initial stage
of operation or due to fluctuations in raw water, a biofilm
is less likely to be formed on the carrier particles in the

second biological treatnent tank. 1In addition, nourishnent



used for proliferation of aninmalcules runs short. In such a
case, it is desirable to divert and introduce part of the
raw water into the second biological treatnent tank 2 in
order to perform an operation such that the sol uble BOD
sl udge | oading rate on the second biol ogical treatnent tank
2 is 0.001 kg-BOD/ kg-M.SS/d or nore and is desirably 0.025
to 0.1 kg- BOD kg- MLSS/ d.
[ 0029] Water treated in the second biol ogical treatnent
tank 2 may be subjected to solid-liquid separation in order
to produce treated water having high quality. Solid-Iliquid
separating neans nmay be one or nore neans selected froma
sedi nentation basin, floccul ation sedinentation,
floccul ati on pressure floatation separation, and menbrane
separation. Fig. 3 illustrates an exanple of the solid-
liquid separating neans. In a reaction tank 3, an inorganic
flocculant is added to water treated in the second
bi ol ogi cal treatnment tank 2. A polyneric flocculant is
subsequent|ly added to the treated water in a floccul ation
tank 4. Then, a sedinentation separation treatnment is
performed in a sedinentation tank 5 in order to separate
settled sludge fromthe treated water.
Exanpl es
[ 0030] [ Exanpl e 1]

Raw wat er having a BOD of 800 ng/L and a COD;, of 1300

ng/ L (wast ewat er sinulating wastewater from food factories)



was treated in accordance with the flowillustrated in Fig.
2. The volune of the first biological treatnent tank 1 was
2.5 L. The volune of the second biological treatnent tank 2
was 4.4 L. An operation was perfornmed such that the DO of
the first biological treatnent tank 1 was 0.5 ng/L and the
DO of the second biological treatnent tank 2 was 2 to 3 ng/L.
The first biological treatnment tank 1 was filled with a
carrier at a carrier-filling proportion of 5% The second
bi ol ogical treatnent tank 2 was filled wwth a carrier at a
carrier-filling proportion of 40% The carrier particles
charged in these tanks were rectangul ar sponge carrier
particles made of pol yurethane which had a diameter of 3 mm
[ 0031] An operation was performed such that the BOD
volunetric loading rate on the first biological treatnent
tank 1 was 5.5 kg-BOD/ n?/d, the HRT of the first biological
treatnent tank 1 was 3.5 h, the overall BOD volunetric

| oading rate was 2.0 kg-BOD/nt/d, and the total HRT was 9.6
h. The SS concentration in the first biologically treated
wat er was 600 ng/L. The dispersed bacteria-carrier |oading
rate was 5.9 kg-SS/nf-carrier/d. As a result, the SS
concentration in the second biologically treated water was
250 ng/L. A sludge conversion ratio of 0.19 kg- SS/ kg- COD.,
was achi eved.

[ 0032] [ Exanpl e 2]

The raw water was treated under the sane conditi ons as



in Exanple 1, except that the treatnment was perfornmed in
accordance with the flowillustrated in Fig. 3 by disposing
a reaction tank 3, a flocculation tank 4, and a

sedi nentation tank 5 downstream of the second bi ol ogi cal
treatment tank 2. PAC was used as an inorganic floccul ant

at a concentration of 300 ng/L. KURI FLOCK PA331 produced by
Kurita Water Industries Ltd was used as an ani onic pol yneric
flocculant at a concentration of 1 ng/L. As a result, a

sl udge conversion ratio of 0.19 kg-SS/ kg-COD.; (excl udi ng PAC
sl udge) was achi eved. The COD., of the treated water and the
SS concentration in the treated water were 20 ng/L or |ess.
That is, the quality of the treated water was maintai ned

hi gh.

[ 0033] [ Conpar ati ve Exanple 1]

An operation was performed under the sane conditions as
in Exanple 1, except that the carrier-filling proportion of
t he second biological treatnment tank 2 was changed to 25%
and the dispersed bacteria-carrier |loading rate on the
carrier 2a of the second biological treatnent tank 2 was
changed to 9.4 kg-SS/ni-carrier/d. As a result, a part of
di spersed bacteria which was not able to be preyed upon was
di scharged, which resulted in a sludge conversion ratio of
0. 29 kg- SS/ kg- COD;.

[ 0034] [ Conpar ati ve Exanpl e 2]

An operation was performed under the sane conditions as



in Exanple 2, except that the carrier-filling proportion of
t he second biological treatnment tank 2 was changed to 25%
and the dispersed bacteria-carrier loading rate on the
carrier 2a of the second biological treatnent tank 2 was
changed to 9 kg-SS/m-carrier/d. As a result, a part of
di spersed bacteria which was not able to be preyed upon was
di scharged, which resulted in a sludge conversion ratio of
0. 29 kg- SS/ kg- COD,; (excluding PAC sludge). In order to
reduce the SS concentration in the treated water to 20 ng/L
or less by performng flocculation, the concentration of PAC
used was increased to 800 ng/L and the concentration of the
ani oni ¢ pol yner used was increased to 2 ng/L. Despite the
above conditions, the COD;, of the treated water was 30 ng/L,
that is, the quality of treated water was degraded conpared
with that of Exanple 2.
[ 0035] Al t hough the present invention has been described
in detail with reference to a particular enbodinent, it is
apparent to a person skilled in the art that various
nodi fications can be made therein w thout departing fromthe
spirit and scope of the present invention.

The present application is based on Japanese Pat ent
Application No. 2012-080521 filed on March 30, 2012, which

is incorporated herein by reference in its entirety.



CLAI M5
[Caim1]

A nethod for biologically treating organi c wastewater
t he nmet hod conpri sing passing organi c wastewater through an
aerobic first biological treatnment tank in order to generate
di spersed bacteria by using bacteria and subsequently
introducing first biologically treated water fromthe first
bi ol ogi cal treatnent tank, the first biologically treated
wat er containing the di spersed bacteria, into an aerobic
second biol ogical treatnent tank containing a fl uidized-bed
carrier so that ani mal cul es prey upon the dispersed bacteri a,

wherein an overall BOD volunetric loading rate is 5
kg/ m?/d or less, and

wherein a rate at which a |load of SS derived fromthe
di spersed bacteria contained in the first biologically
treated water is placed on the carrier contained in the
second biological treatnent tank (hereinafter, referred to
as "di spersed bacteria-carrier loading rate") is 8 kg-SS/ m-
carrier/d or |ess.

[ A ai m 2]

The nmethod for biologically treating organi c wastewater
according to Claim1l, wherein the first biological treatnent
tank is a fluidized-bed biological treatnment tank having a
carrier-filling proportion of 20% or |less and the second

bi ol ogi cal treatnent tank is a fluidized-bed bi ol ogi cal



treatment tank having a carrier-filling proportion of 10% or
nor e.
[ O ai m 3]

The nethod for biologically treating organi c wastewater
according to Claim1l or 2, wherein water treated in the
second biological treatnent tank is subjected to solid-
liquid separation by using solid-liquid separating neans to
be separated into sludge and treated water, the solid-liquid
separating neans being at |east one selected from
floccul ati on sedi nentation, flocculation pressure floatation
separation, and nenbrane separation.

[ A ai m 4]

The nethod for biologically treating organi c wastewater
according to any one of Clainms 1 to 3, wherein the second
bi ol ogi cal treatnent tank has a pH of 6 to 7.

[ A ai m 5]

The nethod for biologically treating organi c wastewater
according to any one of Clainms 1 to 4, wherein part of raw
water is added to the second biol ogical treatnment tank.

[ aim 6]

The nmethod for biologically treating organi c wastewater
according to any one of Clains 1 to 5 wherein a part of SS
particles contained in the first biologically treated water,
the part of SS particles being derived fromthe dispersed

bacteria, are fine SS particles capable of passing through



an 8- um pol ycarbonate filter.
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