
2327 DESCRIPTION WASTEWATER TREATMENT METHOD, SYSTEM AND POLLUTANT
DECOMPOSITION ACTIVITY MEASURING METHOD xmochnjcaleid                The present invention
relates to an efficient wastewater treatment method. More particularly, the present invention relates to
a wastewater. treatment meth.oc using an activated sludge process, a wastewater treatment system
and a method for measura. g pollutant decomeosi ctivillc of activated, sludge ml organisms.
Background Art [C0021Wastewater, such as sewage (e.g., sewage and domestic wastewater'
laboratory west,industrial wastewater, livestock wastewater and sludge treatmenf water, is treated
mainly by three methods. [0003]That is to say, the treatmecT_nethods arebroadlydivided into three
types, namely, a continuous treatmeiit method, a sequencing batch reactor treatment method and an
OD treatment method Such a continuous treatmethod called a "standard method"shown in Fig. 1 is
used for various wastewater treatments, mainly, sewage treatment, and in a first treatment tank 2a,
anaerobic treatment is carried out, and in a second treatment tank 3a and a thira treatment
tankia,aerationiscarriedou . A treatment method called a sequencing  SF-2327 2 batch reactor
treatment method is shown in Fig. 2. In an OD treatment method (Fig. 3 a large oval watercourse is
builtwater is allowed to flow therein, and aeration and stirring are intermittcarried 



out at the ;DOS iti.on of inflow of raw water and at the middle positgLon of the 'watercourse. Each of
these three methods is selected accordi to the tie of wastewatr used (raw water la) , ftc amount of
wastewater treareo and the construction cost and is carried out [0004In t e case of, for example, the
sequencing batch reactor  treatment lethod ( Fig . 2) treatment equipments of 1 tanks are installed,
and raw water la is introduced into a first sequencing baton reactor (treatment tank) 2a and a second
seguenci.ng batch reactor 3a, each of which i.s equipped with an aeration device, a stirring device and
a drainage dvice, and the raw water is sub ected to activated sludge treatment therein. The sludge
precipitated on the bottom of both the sequencing batch reactors is withdrawn and transferred into a
first excess sludge tank Ba, and the sludge is thickened, stored in a second excess sludge tank 9a,
properly discharged, subjected to dehydration and then subjected to landfilling, incineration or the like.
[00051On the other hand, the supernatant liquid in the sequencing batch reactor is drawn up by the
drainage device and discharged as an effluent. 7a into a river. ,n usual,awer la is, introduced into a
treatment tank, etc., after the quality and the concentration of the influent wastewater are averaged in
an equalizing tank in many cases.  SF-2327 [0006]In. any of the above wastewater treatment methods
using the activated sludge process, enhancement of water quailreated  water quality) of the ef fluent
(treated water) after the sewage treatment, stabilization of treatment efficiency, decrease in amount of
sludge tha .is croduced with the treatment, and aecred..-,c in foaming, scummang (scum-41-1,i
matters of gathered solids and fats and oils on the water surface in the sewage treatment tank.; by
generation of oas from the scum,.aeration is dist u.rhed, to decrease the fucction of the treatment tank,
and malodor is produced) , bulkinc,ir the trat;rene have teen desired.  the past [0007]Of the problems
in the conventi.onal wastewater treatments, such decreaseactivity of activated sludge bacte ia in the
course of the treatment using activated sludge as described above causes troubles, such as
production of ammonia or hydrogen S fide, development of had smells, occurrence of foam and
floating matters called scum, and introduction of them into tfe effluent, whereby the treatment
efficiency is seriously decreased, and the water quality of the effluent is sometimes 7 owered.
[0008]That is to say, in the conventional sewage treatment, 



components of pollutants in tne wastewater to be treated, such as sewage or westewater flowing into
the treatment system, substances contain in the influent, and composition of the pollutants always
vary, and from the viewpoint of "activated sludge process-, growth inhibitory substances that inhibit the
activity of activated sludge (growth of  SF-2327  activated sludge mn roorganisms) constantly flow into
the treatmen system. If the growth inhibitory  s s noes fin*: into the treatment system, growth of the
pollutant-decomposing activatedsludgebacteria and microoreand the pollutant decomposi.t.io property
is sometimes lowered. [0009]Various causes of it can be considered, and above all, the raw water la
introducedinzo the treat enz tanks (sequencing batch reactors tanks) 2a andfrequently contains growth
inhibitory substances that inhibit growth of the activated slu.dge mlcrnorga sm group. Therefore, the
activated sludge treatment ability is rapidly lowered, to markedly delay the progress of the wastewater
treatment.  [0010]On the other nand, electricity consumntion required for the aeration of each
treatment tank and the excess sludge retention tank is increased, and this is a serious obstacle to the
reduction of wastewater treatment cost. [0011]Moreover, even if the wastewater treatment ability is
enhanced, the amount of excess sludge, which is withdrawn from the treatment tank, then subjected to
(centrifugal) dehydration and subjected to incineration or landfillinm is not reduced at all by the
conventaona treatment method, though it may be increased. That is to say, various expenses to treat
the excess sludge keep on increas q. Specifically,ctrical expenses for centrifugation and dehydration
SF-2327 5 increasing. I0012]As a means to improve it, a method wherein a culture tank is installed in
the Treatment system to circulate the sludge i.s generally carriedbutinthismethod, the sludge
red.uction effect is sometimes 



small considering high installation expenses and high management expenses. [00131Methods for the
sludge reduction ire known as tcilows a "culture method" wherein a culture tank is tnstalled to enhance
pollutant decomposition propertyactivated sludge, an "addition method!' wherein activated sludge
having high decomposition property is constantly added to a treatment tank, a 'mill method" wherein
sludge is ground by a mill and returned to a treatment tank, an "ozone method" whera4 ozone 5 blown
into sludge and the sludge is returned treatment tank, an "ultrasonic method" wherein sludge is
ultrasonicated and returned to a treatment tank, a "water jet method" wherein sludge is ground by
water jet and returned to a treatment tanin these sludge reduction methods, however, enormous
expenses are required for the introductThn of novel eguipments and the maintenance thereof.
[0014]Under such circumstances as above, a method wherein a silicon compound or
amagnesiumcompound is added to a treatment tank, a method wherein a nutrient such as peptone is
introdsued, and a method wherein seed bacteria for activated sludge are further added to a Treatment
tank have been only proposed in a patent literature 1, to enhance treatment efficiency in aright soil
treatment tank. However,  SF-2327  the purpose has not been attained yet sudf i entl-y in the methods
other than the night soil treatment. [0015]On the other hand, reports on tpollutants contained in
sewage or the night soil-decomposing bactestrainse been rarely known heretofore.
00161Thepresen:tinventorhasfoundthatnightsoi1isdecomosed by genus Bacil Lus bacteria
(combination of the later-described Strain 7'acri,B1 and e genus aaci?l iaco:1a qualitatively exhibit
starch decdmpoEHN,Lon property and fat and oil decomposition property, and have a suspended solid
Ls. Dval ratio, said SS being conained t cooked mean medium (manufactured by Nissui
Pharmaceutical Co. Ltd.g muscle protein as a main component, of not :less than 



about 80% (non patent literature. Manufaot-.uring of the cooked meat. raedium by Nissui
Pharmaceutical Co, Ltd. was discontinued.  [00171The present inventor has further found that when a
silicon compound and a magnesium .compound are added to a treatment tank in the night soil
treatment, night soil-decomposing genus Baci].I usbacteria dominate, whereby night soil
decomposition occurs efficiently and development of malodor is reduce-pat-ent literatato The present
inventor has furthermore found that also in the case of. sewage treatment,
presenceofasiliconcomooundandarragnesiumooinpound is impcmtant for the reduction of sludge
produced with the Ireatment and for the reduction of bad smells. The present inventor has furthermore
found that for the pollutant decomposition, genus Bacillus  3P-2 327 bacteria not only having starch
decomposition property and fat and oil decomposition property but also having a property to
decompose suspended solid in a cooked meat medium are important. [00the non patent literatures 1
to 3, however, use of microorganism stra.vibg high treatment ability and increase of efficiency by the
treatment method are only proposed as attempts to reduce discharged sludge whichsubjected to
incineration or            [q. It is no exaggeration tithat any method or technique to remarkably reduce
sludge is not pro sent yet_ [0019]The present inventor hab also found that addition of a  nutrient is also
effective for solving foaming,  form& o of scum, bulking, etc. that occur in the sewage treatment [patent
literature 2). Citation List 



Patent Literature Patenteratare 1: JP-A-2002-86181 Patent literature 2: W02006/115199 Al [0021]
Non patent literature 1: Murakami, Irlye, et al.: 'Domination of Bac[Ilis app. in Aerobic Night Soil
Treatment Tank and Biochemical. Properties Thereof", Journal of [Japan Society of Water
Environment, 18(2), pp. 97-108, 1995 Non patent literature 2: Ryozo iriye and Hideki Takatsuka:
352327  "Studies on Sewage Treatment Improvement by Increase/Domination of Genus Bacillus
Bacteria", Hokin Bobal (Journal or Antibacterial and Ar.tifungai Agents,Japan), Volume 27(7) pp.
431-440, 1999         Non paten- literature 3: Yukip Doi, BoonSinc Jee, F9yozo Iriye, Shin' iro Tabuchi
and Koichi Tateishir "Baot.erial Phase Dominating in Efficient Odorless Combined Treatment
Purification Tank and Biochemical Properties Thereof", Eakin BobalArtib.acteriaI and Antiounga7
Agents, Javan), Vol. z ' , pp. 53-63, 1998 Disclosure of Invention Problems to be Solved by the
Invention [0022)Jr is an object of the present invention to provide a wastewater treatment method for
efficiently treating wastewarer such as sewage, by which enhancement of water, quality of water
having been subjected to wastewater treatment (treated water duality) and ludge reduction can be
attained at a low cost w.ichout carrying out drastic alteration of a wastewater treatment facility used in
the conventional activated sludge process, a wastewater treatment system, and to provide a method
formeasuring pollutant decomposition activity (BCD component removal ratio and suspended solid
LS:DJ removal ratio which re indexes of cleanness of water area of activated sludge microorganisms.
[0023]That is to say, it is an object of the present invention to provide a method which eliminates
lowering of pollutant decomposition activity of an activated sludge treatment microorganism group,
which greatly enhances the treatment ability of the microorganism group to  -2322 



raise treatment efficiency and to reduce the amoof excess sludge. Means for Solving the Problems {00
24]s described above, expenses for the sewage treatraent keep on rising, and reduction of the amount
of sludge produced, reduction of bad smells, more effi cient sludge dehydration, etc. havebeendesired.
Moreover, enhancement and stabilrzatton of the water quality after the treatment have been also
desired from the viewpoi t of envir onmentai problem. [0025]Studies on pollutant-decomposing
microorganisms used in the activated sludge process and the like have been rarely known, and
techniques to selectively culture microorganisms havingh _h pollutant decompcsic on oropertyin a
sewage treatment tank or a sludge retention tank have not been known either. "Growth inhibition" that
causes by flowing of growth inhibitory substances into the treatment system to inhibit growth of
activated sludge bacteria and microorganisms having pollutant decomposition property is a difficult
point in the increase of efficiency of the sewage treatment, nd a solution of this growth inhibition has
not been known either. [00261The present inventor has studied activated sludge microorga sms that
function in the treatment of human wastes, and livestock wastes or the sewage treatment (including
treatment of domestic wastewater and food industrial wastewater, the same snail apply hereinafter)
since 1991 and has accomplished the present  STI!-2327 10 invention. [0027]It is commonly though
that sludge is composed of activated sludge microorganisms, but the present inventor has an opinion
that sludge contains undecon.posedpoilutants iia larde amount. Thesent inventor has reported that
when starch-decomposing bacterii, a and oil-decomposing bacteria and muscular
protein-decomposing bacteria grow in tie night soiltreatmentactivated sludgeorthesewagetreatrnent
activated siudne, the imoroNement of water quality of treated water, sludge reduction and bad smells
reduct.ion are observed (non patent literatures 1 and 2). He has also reported that in this treatment,
addition of a silicon compound or a magnesium compound is necessary for the growth and
maintenance of bacteria having high pollutant decomposition property (non patent literatures 1 to 3).
The present inventor hasther found that during the growth of bacteria a high pollutant decomposition
property, scum and foam are sometimes formed, and in order to solve these problems, addition of
peptone is effective, and he has already applied for a pates-It (patent literature 2). 100281Thereafter,
the present inventor has carour tests 



for increasing efficiency of sewage treatment for 3 years from December, 2006 to December, 2009,
and he has found that addition of an aluminum compound and a dry yeast extract as treatment
accelerators in addition to a silicon compound, a magnesium compound and peptone exerts high
effects such that the activated sludge microorganisms are liberated  SF-2327  from a state of shocking
conditions when substances that inhibit growth of activated sludge microorganisms flow into the
system, and the pollute -decomposing bacterial floras are recovered, and besides, bacterial I bras
haviigriorpollut.ant decomposit ion property app  {0029]Judging from alysis of 163 EDNA base
sequences and gene tree, it is thought that the pollutant-highly decomposing strains that have
appeared are variants derived from tt seed eactstrain added, and that activ.ities of various enzymes
have been enhanced and non-specificity of various ciR has been enhanced. That is to say, the
variants derived from the seed bacterial strain added are thought to be strains in which enzyme
production ability has been induced The expression "enzyme production ability has been induced"
means that the enzyme= , dergoes varia on and the enzyme activity is enhanced, and it is thought that
protease activity and substrate non-specificity of protease have been particularly enhanced. [0030]In
addition to appearance, growth and maintenance of the bacterial strains having high pollutant
decomposition property, molds and yeasts exhibiting starch decomposition property, fat and oil
decomposition property and cellulose decomposition property appeared, and a given number of them
could he maintained. T0031]in the molds that appeared, strain G. was present, and this Strain CI has
antibiotic production property. As growth of Strain G was observed, growth of filamentous bacteria
game to be not observed in the treatment tank.  SF-232% 



12 [0032]The present inventor has found that in order to grow and maintain the microorganisms having
high pollutant decomposition property, it is necessary to keep a proper amount of return sludge, and to
keep a proper aeration rate in addition to adding treatment accelerators. [00When tie sewage
treatment facility was managed according    the above conditions, .he treated. water. BCD removal
ratio was not less than 57%, the suspended solid [ES] removal ratio was net less than , the toral
nitrogen [TEN] removal ratio was ess than 15%, and the removal ratio of the total amountphosphorus
compounds [T-P] was the same as the conventional one_ Each ratio was compared with a ratio to
convention and on an annual average. Further, the amount (dry weight) of sludge produced was re
laced by 50 as c ratio to conver on, and was reduced (could be weight-reduced) by about 60% as a
ratio  convention in terms of a gross yield coefficient of sludge (- I 05 x dry weight of increased
sludge/amount of removed SOD [0034]As the treatment accelerators added, a silicon compound and a
magnesium cornea= are known, but the addition ef tect of an aluminum compound has not been
known On the other hand, the pre-sent inventor has found that when foam and scum are formed,
addition of peptone is effective for solving them, and further,he has newly found that addition of dry
yeast contributes to solving them and a prominent effect is observed in the recovery from inhibition of
growth of the activated sludge microorganisms.  SF-2327 13 [00351It is known to add seed bacteria as
pollutant d c mpos bacteria, but the effect does not last long. Derivation of strains havinc higher poll t
decomposition property from the seed bacteria added has not been known. [00361In addition, an
:stance i.n which growth of flIt crocrganlsrrs having high fa r decomposition property, fat and oil
decompositiou property and cellulose decompositionproperty, such as molds and yeasts, has been
confirmed in a treatment tank, a sludge retention tank or a thickened sludge rctentlen tank, has not
been known in the conventional sewage treatment. [00371Based on such findings, the present
inventors have 



accomplished the present invention. [0038]That is to say, the wastew.ater reatment 11-1-t,,cH present
invention includes a "wastewater treatment method (ca)" as a first embodiment and a "wastewater
treatment method (1a)" as a second embodiment, as described below. The wastewater treatment
method (a) is, as shown ins. 7 to 4, a wastewater treatment method comprisi Y in an acti.vated sludge
treatment of raw water la, performing a first sludge returning step Va:ast'pof returning sludge having
been aerated and stirred in a first excess ludge tank or sludge retenti.on tank 12a equipped with an
aerator and a stirrer, to a treatment tank, a sequencing batch reactor or an anaerobic tank, and/or a
step of returning sludge having been aerated and stirred in a second excess sludge tank or thickened
sludge  tank, a sequencing batch reactor or an anaerobic tank, and maintaini the number of genus
Bacillus bacteria in the treatment tank, the secuencing batch reactor or the anaerobic tank, to wh.ich
the sludge has been returned, at 2.0x105 to 22.56<1.05 efu/TEL. [0040)In the method (a), it is
preferable that when the first sludge returning step Va is performed, a second sludge resurrnng step
Wa: a step of returning -iudge havinc been aerated and stirred in the secondexcesssl getankore
edsluMticn tank 13a equipped     h an aerator and a sti rrer, to the first excess sludge tank or sludge
retention, tank 12a equipped with an aerator and a: stirrer, is further performed in order to avoid
activity reduction caused by the influence of a growth inhibitor or the like. 10041]It is preferable that a
treatment accelerator is added to one or more tanks selecte.d from a first treatment  ta07 first segue
cing batch reactor 2a, a second treatment tank or secondsequencing batch reactor 3a, a third
treatment tank 4a, an OD5a, a first excess sludge tank or sirate -ion tank ea, a second excess sludge
tank or thickened sludge retention tank 9a, a sludge thickening tank 10a, a sludge retention tank or
thickened sludge retentien tank 11a, the first excess sludge or sludge retention tank 12a equipped with
an aerator and a stirrer, and the second excess sludge tank or thickened sludge retention tank 13a
equipped with an aerator and a stirrer. Thetreatmentacceieratorispreferabiyoneormores stances 



Sri-2327 selected from the group consisting of a silicon compound, a magnesium compound, an
aluminum compound, peptone and a dry yeast extract. [0042]It is preferable that a nitrogen source is
added to one or more tanks selected from the first excess sludge tank. crsludqe retention tank 8a, the
second excess s dge tank or thickened sihdoe retenlion tank 9a, the sludge thickening tanklfia, the
sludge retention tank or thickened sludge retention tank 11a, the first excess sludge tank or ludge re
tent.i on tank 12a eauippedwith an aerator anda stirrer, and the seccnd excess sludge tank or
thickened: sludge retention tank      equipped witn an aerator and a stirrer. The nitrogen source is
proierdbly one or more substances selected from urea, ammonium sulfate, ammonium chloride and
ammcni.um nitrate. [0043]The wa stewater treatment method (p) is, as snoNn 5, awashewater
treatment method comprising, in a wasewater treatment using an activated sludge process Including at
least the following 5 steps:         a step (1): aeration step wherein sewage or wastewater I. having a
biochemical oxygen demand [SOD] of not less than 80 mg/L is allow to flow into an aeration tank 10
eguipped with an aeration device and a stirring device, to which seed bacterial flora 2 have been
added, and the sewage or the wastewater is aerated and stirred to obtain a stirred liquid 11,         a
step (2) : separation step wherein the stirred _quid 11 obtained in the step (1) is allowed to flow into a
sludge sedimentation tank  SE-2327 20 and allowed to stand stil.i to separate the liqui..dia supernatant
liquid 21 and precipitated sludge 22, and then the supernatant liquid 21 is discharged out of the
system as an effluent 23, a step (3) : retention and returning step w,the precipitated sludge 22
obtained in the stepis withdrawn and reta.inedi a sludge retention tank JO, and a part- of the sludge is
returned to the aeration tank 10, 



a step (4): thnickening step wherein the retained sludge obta.ined in the step ) is thickened by a sludge
thiokeni.ng tank 40 and/or a centrifugal thickening =chine 60, and         a step (5): retention and
discharge step wherein the thickened sludgeobLainedin the step 4) is retained ma thickened iudge
retenti on tank 50, and a part of the sludge is discharged out of the system,         installing at least an
aeration device selected from an aeration device and a stirring device in the sludge retention tank 30
and/or the thiokeneu sludge retention tank 50, to arrange a reention tank 30 eguipped with the device
and/or a thickened sit.dge rate-nt ion tank 50 egdevice, and performing the following sludge returning
(I) and/or (II):               sludge returning (I): withdrawing stirred and retained sludge 31 obtained by
aeration or aeration and stirring in the sludge retention tank 30 equipped with the device and returning
e sludge to the aeration tank 10,and/or sludgereturning (II):withdrawingstirred,thickenedand  SF-2327
retained sludge 51 obtained by aeration or aeration and stir ag in the thickened sludge retention tank
50 equipped with the device and returning the sludge to the aeration tank 10 and/or the sludge
retention tank 30 equipped with the device,         adding a sludge flodculant and a nutrient to one or
more tanks of the aeration tank 10, the sludge retention tank 30 equ pped a the device and the
thickened sludge retention tank 50 equipped with the device, and        maintaining the number of
genus Baclil,.s hact.eria id-, the tank, to which the sludge flocculanI and the nutr en have been added,
at 2.0x105 to 111x10' cfu/mt. [0044]It is possible that the aeration tank ' is composed of two or more
tanks connected in series as shown in Fig. 6, in a first treatment tank 12, an anaerobic treatment with
only stirring without aerationisconducted, and seed bacterial flora 2 are added to a second treatment
tank 13 and its subsequent treatment tanks, and aeration and stirring are performed.
0045]Bytemorar...ystoppirmtheaeration andstirri.ngfunotions or such an aeration tank 10 as shown in
Fig. 5, the aeration tank 10 can be used also as the sludge sedimentation tank 20. [0046]It is
preferable that pollutant-highly decomposing bacterial floras having starch decomposition rcperty and
fat and ell decomposition property and having a suspended solid [SS] removal ratio, said SS being
contained in a cooked meat medium (Oxoid) havin- the  



SF-2327 18 following composition,of not 170% and a suspended sol d [SS] removal ratS o
saidSSbeing contained in a cooked neat r-Lediu, (Difco) having the following comp,oition, of not less
than 60% are derived from the rial floras. 2;         composition of cooked meat medium (0xcid) (per
Liter): heart muscle (ry) 73.0 0, aeptone 10.0 g, Lab Lemco powder 10.0 g, sodium chloride 5.0 g, and
glucose 2.0 g; and compositecooked meat medium (D too) (per liter): bovine heart muscle (dry)
98proteose peptone 20.0 g, glucose 2.0 g, and sodiubo ide 5.0g. [00471The pant-highly decomposing
bacterial floras oreferablv have a SS removal ratio, saidbeing contained in the cooked mmedium
(Oxobd) of not less than 80%. [00481eed bacterial Floras 2 are nreferahly Strain. A (Bacillus Oh 4
gien, s; accession number of international deposit: TERM 52-11260) , Strain B (Bacillus subtilis;
accession number of international deposit: FEPM59-11231) and Strain C Bacillus subtills; accession
number of i..ntarnational deposit: FERN 52-11282).  [0049]It is preferable that tine pollutant-higBi y
decomposing bacterial floras contain at least one kind of genus Bacillus bacteria selected from the
group consisting of Strain D (Bacillus subtilis; accession number of international deposit:  FERM
BP-11283), Strain E (Bacillus subtdi s; accession number of international deposit: FERN 22-111284)
and Strain F (Bacillusaccession number of  SF-2327 



19 international deposit: PERM 82-11285); or contain at least one kind of the genus Bacillusbacteria
andmold of Strain G (PehicilljUan-un; accession number of international deposit: PERM B2-11289)
and/or at least one kind of yeast selected from ip group consisting of Strain H (Cactrichusi silvicola;
accession number of international deposit: FGP:M BP-11287), Strain I (Pichia fermentans;
accessiontimber of international deposit: FIRM B2-11286) and Strain 2 (Pichla gbilliemmoldii;
accession number ofternational deposit: PERM 82-11E88). [00 50]fr is preferable that the sludge
ficpculant contains an  aluminuin compound, andasiliconcorny) d and/or amagnesihm compound, and
based on 1 q/1 of a mixed liquor suspended solid [MLSSi in the tan: to whicu the sludge floccul ant is
added, the aluminum compound in terms of aluminum oxide [Al203] is added in a- amount of 0.01 to
0.5g, thesiliconcompound in terms of silicon dioxide S02J is added in an amount of 0.01 to 2 g; and
the magnesium compound in terms of magnesium oxide [Mq0] is added in an amount of 0.01 to 0.5 g,
with the proviso tha each amount is an amount per cubic meter j of each tank and per day. [0051jis
preferable that the nutrient is petone and/or a dry y st extract, and based on 1 g/1 of MLSS in theatcn
tank to 'lob the nutrient is added, peptone is added in an amount of 0.8 to 70 ma, and the dry yeast
extract is added in an amount of 0.1 to 10 Mg; based on 1 g/1 of MLSS in the sludge retention tank 30
equipped  SF-2327 20 with the device to which the nutrient is added, peptone is added in an amount
of 3.5 to 250 mg, and the dry yeast extract is added in an amount of 0.7 to 45 mg; and based on 1 g/1
of MLSS in the thickened 



ridge retention tank 50 equipped witto which the nutri. e I is added, peptone is added in an amount2.0
to 150 mg, and the dry yeast. extract is added in an amount of 0.4 to 25 mg, with tne proviso that each
amount is an amount per cubic meter fah of each tank and per day. [0052]it ispreferablethat
togetherwiththesludge flocculant  and the nutrient., one or more nitrogen sources selected from the
group consisting of urea, ammonlira sulfate, ammonium chloride and ammonium nitrate are added to t
e sludge retention tank 30 equipped with the device and/or the thickened sludge retention tank 50
equipped with the device, and the nitrogen source in terms of N2 is added in an amount of 0.1 to 15 a
based on 1 a/1 of MLSS in the sludge retention tank 30 equipped with a device, and is added in an
amount of 1 to 150 mg based on 1 g/1 of MLSS in thethickened sludge retention tank 50 equipped     n
the device, with the proviso that each amount is an amount per cubic meter [m3] of each tank and per
day. [0033]The wastewater treatment system of the presert invention is a wastewater treatment
system comprising, in a wastewater treatment using the aforesaid activated sludge process, installing
at least an aeration de cc selected from an aeratior  SE'-2327 21 the thickened sludge retention tank
50 to arrange a retention tank 30 equipped with the device and/or a thickened sludge retention tank 50
equipped the device, and performing the aforesaid sludge returning and/or sludge returning (II),
adding a sludge flocoulant and a nutrient to one or more tanks of the aeration tank 10, the sludge
retention tank 30 equipped with the device and the thickened sludge retention tank 50 equipped the
device, and 



mainteinine the number of genus Bacillus bacteria in the tank., to which the sludge flocculant and the
nutrient have been added, at 2.0x105 to 111xiu cfu/mL. [0054]in the wastewater treatment system of
the present invention, .it is :ossible That the aeration tank 10 is composed of two or more tanks
connected in series, and in a first treatment tank 12, an anaerobic treatment to perform only stirring
without aeration is conducted, and to a second treatment tank 13 and its subsequent treatment tanks,
seed bacterial flora 2 are added, and aeration and stirring are performed_ By temporarily stopping the
functions of aeration and stirring of the aeration tank 10, the aeration tank 10 may be used also as the
sludge seiinentatien tank 20. [0055]The sludge flocculant and the nutrient in the wastewater treatment
system of the present invention are the same as the sludge ileceulant and the nutri ent that are
preferably used in the wastewater treatment system (3) of the present invention, and the amounts
thereof  22 are the same as those in the wastewater treatmnL system () of the present invention. The
nitrogen source added to the sludge retention tank 30 equipped with the device and/or the thickened
sludge retention tank 50 equipped /el th the device togetherthe sludge flocculant and the nutrient, and
the amount thereof are the sane as those in the wastewater treatment system (0 of the uresent
invention.  ]0056iThe method for measuring pollutanu decomposition activity of activated sludge
microorganisms comprises calculating a SS removal ratio from the following formulasing a dry weight
(X) of a suspended solid [SS] obtained after bacterial inoculation and cultivation in the cooked meat
medium and a dry weight (Y) of SS obtained after culturing without performing bacterial inoculation in
the cooked meat medium; SS removal ratio(Y-X) / xl00 thereby measuring pollutant decomposition
performance of activated sludge microorganisms contained in the aforesaid seed bacterial floras or the
aforesaid pollutant-highly decomposing bacterial floras. Effect or the invention 



[0057]The wastewater treatment method (a) of the present  invention makes it possible to greatly
increase the amount of treatable wastewater (treated water SOD removal ratio: not less than 57%, SS
{suspended solid] removal rto nnt less than 67%, 11-k1 removal ratio: not less than 15%, in terms of
annua] removal ratio), and the ethod has extremely excellent effects, that is, surprising reduction
(50%)  F- 5-23217 23 of the amount of excess sludge produced, conspicuous decrease (about -60%)
in the gross yield coefficient of sludge, marked reduction of electric power required for centrifugal
separation of aerated and retained excess sludge, great irnrovenent in the ater quality of effluent, and
drastic reduction of had smells in the circumference of One treatment facility. Further, it has been
found that by carrying out the wastewater treatment method (a) of the present invention, the poll
ant-decomposing microorganism group (main bacteria: genus Bacillusaria) added as seed bacteria
during the run of treatment entirely -disappears at4 er the lapse of a given time, and a
poilutant-decomposingaticroorganism group having much highe ollutant decomposition oerformance is
derived. It has been found that in this poi Mutant-decomposing microorganismgroup,
moldsandyeastsofnatural origin are also contained. [0058]The wastewater treatment method () of the
present invention can provide a wastewater treatment method having effects relating to the following
matters (1) to (10), a wastewater treatment system, and a method for measuring pollutant
decomposition activity of act ated sludge micrcorganisms. [00591Polluoant
uhlydecenposingbacterialflorasderived from seed bacteria
Byperformingthewastewatertreatmentmetho (13) ofthepresent invention, bacterial floras h-a-v ing high
pollutant decomposition property are derived from seed bacteria, and further, even if seed  SF-2327 24
bacteria are not added (with the proviso thatJus Bacillus bacteria having high pollutant decomposition
property are present in soil, night soil or the like, and they flow into the system and become dominant
to perform e cd en atraent) , bacterial floras having h. gh pollutant decomposition property are derived
(a little longer time is requited as compared with the case of adding seed bacteria; non patent literature
2). 01When rwastewater treatment: Tbthod of the present 



invention is carried out using Strain A, Strain B and Strain C as seed bacteriascribed in detail in the
working examples), plural kinds  of bacterial floras (genus Badi bacteria, molds, yehaving  pollutan
decomposition activity of the similar level as tha of these seed bac eria are derived. Since oluraL kinds
of m]croordanisms contained in activated bacterial floras (that is, they differ from one another in
sensitivity to growth inhibitory substances), growth inhibition hardly occurs as a whole. [0061](2)
Sludge reduotdon The amount (dry weigh-Budge produced can be decreased by not less than 50% as
a ratio to convention, and can be decreased by about not less than 60% in terms of a gross yield
coefficient of sludge (= 100 dry weight of increased sludge/amount of removed BOD). [0062](3)
Improvement in water quality of treated water          The treated water 200 can be improved by not less
than 57%, the 26 removal ratio can be improved by not less than 67%, and the total  SF-2327 Zr
ogen [T-14] can be improved by not less than 15%, as a ratio to convention and on an annual average.
Regarding the total amount of phosphorus compounds Yr-P1 treated, the status qu ntained. If the
treated water quality can be improved as in t.Ie present vention, evil influence exerted on the
environment can be suppressed. [0063](4) Inhibition of production of au sme components 



Prc,ductiOn of bad smell components, such as ammonia and hydrogen sulfidebe inhibited in the
tratment tank or toe- sludge reteL tank. As a result, non-repair term (repai.r interval) for the iac-: can
be extended, and therefore, the facility management cost can be saved. [0064](n Savinu of power
consumption         Even if the amount of influent BOO increases with time, wastewater treatment can
be performed with highcy and high quality as above. Therefore when treated water having quality of
the same level as that of the conventional treated water is desired, the power consumption can be
maintained as it is CT can be lowered. [0065](6) Almost unnecessary repair of facility         Large-scale
repair of the conventional facility is unnecessary. That is to say, the wastewater treatment method ([7)
of the present     ention can be carried out without er-ic ing the conventional sewage treatment facility
or by making small-scale repai. As a result, as compared with the conventional method, sludge
reduction is possible. [0066] (7) Inhibition of growth of filamentous bacteria   SF-2327 26 



Since growth of filamenuous bacteria is inhibited, foaming and formation of scum can be inhiolted,
favorable sludge sedimentation property can be maintained, and management of facility is easy. [(8)
Reduction of sewage sludge treatment  cost          As described in detail in the wcrKnng examples, the
amount of sewage treated in 2009 was 185 m3/day, and the sludge reduction ratio was 50. % as
compared with the sludge in 2005. in spite th( the amount of sludge produced remarkably decreased,
that is, the amount of removed 505) incr sed by 35.92=a and the .,,eldht of removed SS creased by
60.8D%,     compared with those. in 2005, the weight of decreased dry sludge corresponded to 7.458
t. This amount of the dry sludge corresponds to 124 lorrIes of 3.0 m3 in terms of thickened sludge
(KISS content in thickened sludge J_ sewage treatment facility used in the workin examples is about
2%, and the moisture content is about 98%)Further, this mount corresponds to transportation cost of
620,000 yen, corresponds to 50 IEL3 of dehydrated cake (moisture content: 85%; moisture content (%
)t of moistught of moisture + weight of 1=5) x 100) , and corresponds to treatment cost of about
800,000 yen (total: 1, 420,000 yen ) , so that- the cost saved corresponds c 1,420,000 yen/yeai . If
calculation is made taking the preoioted 31 de reduction ratio between April, 2009 andll'ilarch, 2010
(2009 full year) as 62%, the savable treatment cost can be predicted to be 1,760,000 yen/year.
[00681The weight of "dry sludge" i5 measured in accordance with  SF--2327 27 solid. measuring
method, a given volume 200 ELL) of a sludge suspension is filtered through a glass fiber filter (pore
diameter: 1 pm, diameter: 20 to 50 n , dried at 105 to 11000 for 1 hour and allow in a desiccator (for
about 1 hour) , followed by calcni ating the weight from the following formula. [00691Amount of dry
suspended solid (mg/f).[suspended solid + filter weight (mg) - filter weight x 1000/sana e In the formula
[suspended solid  filter weight (mg) - filter s in the range of 20 to 40 mg. [0070]When MISS in a tank is
measured in a usual work, measurement 



is carried out using aMLSS meter(equipment omea e MISS concentration (mg/I,) utilizing light
scattering. phenomenon) . [0071]The "thickened sludge" nea.ns sludge (having low moisture content)
obtained by withdrawing water from sludge of sedimentation tank and thereby thickening the tank
sludge. [0092](9) Applicability to various wastewater           The wastewater treatment method of the
present invention is applicable not only to sewage treatment but also to livestock wastewater
treatment, night soil treatment and other wastewater treatments such as food industrial wastewater
treatment, and therefore, it is applicable in various fields. [0073](10) Decrease in a QTOSS yield
coefficient of sludge         In the case of a facility which has a design value for a gross yield coef cient
of sludge of 40%, and an actual gross yieldcoefficient  SF-2327 28 of sludge of not less than 90%, the
gross yield coefficient of sludge can be decreased to not more than 35%. [ 007Here,'design value for a
gross yield coefficient of sludge" is calculated from alue obtained in experiments made by each
treatme.n n:1llv con fruction company in accordance with sewage treatment system, and is described
in a bidden document or the like. Although the regal ground for the value of not more than 40% not
e, it is though t the upper limit of the gross yield coefficient of sludge is 40% (considered to be a.
reference value defined by Japan Sewage Works Agency) [0075]actual gross yield coefficient of
sludge" is calculated from values obtained by running the treatment facility by the facility management
company (to which ra g ent is entrust.ed by the local self-government).                    gross yield
coefficient of sludge is calculated from the following formula. [0077]Gross yield coefficient of sludge (I)
= 100 xweight of 



increased sludge (kg in terms of dry matter) /amount of removed SOD (kg) Brief Description of
Drawings [0078] [Fig. 1] Fig lisaviewschematicailyshowingbasjcoonstltution  "227 29 treatment facility.
[Fig. 2] Fig. 2 is a view schematically showing basic constitut ion of a conventional sequencing batch
reactor in wastewater treatment.         [Fig. 3i Fig. 3 is a view schematical.J.- showing bas.ic constitu L
ion of conventional OD tanks in wastewater treatment.         [Fig. 4] Eli. 4 is a view schematically
showing return of Madge and a flow of excess s.ludqe treatment in the wastewater treatment method
or t.e present invention,and this is applicable 70 any of Figs. 1 to 3. .7schematically showing
constitution of tanks- ised in the wastewater treatment method (3) of the present invention. In this
figure, (a)indicatethatstirredand retainedsludge 31 may be thickened by a centrifugal thickening
machine 60, and (b) in- cares at stirred and retained sludge 31 may be allowed to flow into a sludge
thickening tank 40. An embodiment wherein an aeration tank 10 of Fig. I is applied to such a
continuous treatment as shown in Fig. 6 is identical with an embodiment of a continuous treatment
wherein and Fig. 4 are combined together. [Fig. 6] Fig. 6 is a view schematically showian embodiment
wherein an aerat n tank 10 of Fig. 5 is constituted of hplural treatment tanks and thereby applied to a
continuous treatment [Fig.Fig. 7 is a view schematically showing constitution of tanks of
thewastewatertreatment method M of the present invention 



used in the working examples, and each of a sludge retention tank 30  SF- 36 and a thickened sludge
retention tank 50 has an aeration device and a stirring device. Hereinafter, returning of stirred and
retained sludge 31 from a sludge retention tank 3.0 to a sequencing batch reactor 70isalso referredto
as "sludge returning (i)"; returning of stirred, thickened and retained sludge 51 from a uhiokened
sludge retention tank 50 to a scauencliq batch reactor 76 is also referred to an "sludge ref njhg (ii)",
andreturning cf stirred, thicKened <and retained sludge 51 from a thickened sludge retention tank 50
to a sludge retention tank 30 is also referred to as " -eturning [0079'The embodiment of Fig. 7 iS
identical with an emoodiment of a sequencing batch reactor treatment wherein Fig. 12 and Fig. 1 are
combi d together.         [Pig 81 Fig. 8 shows 16S fONA base sequences (1,510 hp) of Strain C, Strain
D, Strain E am n F .Int us figure, "R" designates A (adenine) or C (guanine). A sequence of the head
5'-end 19 bases and a sequence of the 3'-end 16 bases in ftc base sequences indicate base
sequences corresponding to a sequence of 919 primer and a sequence-of 1510R primer, respectively.
Best Modes for Carryi.ng Out the Invention [0080]The wastewater treatment method (a) of the present
invention is described below in more detail with reference to Fig. 1 to Fig. 4 of the attached drawings.
[0081]Wastewater treatment method (a)   SF-2327         When wastewater, such as sewage (e.g.,
sewage and domestic wastewater), laboratory-wastewater, industrial wastewater, livestock wastewater
and sludge treated water, is treated using activated sludge,            of activated sludge microorganisms
is decreased wish progress of the treatment, and troubles, such as development of had smells of
ammonia Of hydrogen sulfide, occurrence of foam and floating matters called scum, and inflow of
them into an effluent, are brought about            treatmentmethods of continuous type, sequencino
batch reactor t'te and CD type. Because of these troubles, treatment efficiency .is seriouslydecreased,
and besides, water quality of the discharged wastewater is lowered. Various causes of them can be
considered, and above all, it is thouat that raw water la (wastewater) introducedintot attanks (2a and
3a in Fig. 2) freousitlycontains 



growth inhibitory substancnhihitcrowthof e activated sludge microorganism grouc, and therefore, the
activated sludge treatment ability is rapidly decreased to lower the progress and the efficiency of the
wastewater treatment. [0082]In usual, withdrawal of sludge from each treatment tank to an excess
sludge tank and to a sludge retention tank is performed in the run of wastewater treatment, and after a
civen amount of sludge is accumuieted, the sludge is subjected to tniccentnc, ation, etc. and then
discharged. This withdrawal is automatically performed for a given period of time. [0083]In the
wastewater treatment method (a) of the present  SF-232.1 inver ion, the amount of the excess sludge
withdrawn is in the range of about 10 to 25% of the wastewater that is being treated in each
treatment_ tankf activated sludge treatment of any type is used, and when the amount thereof is about
15 tothe efficiency is good, In usual, the below-described returning of sluan amount corresponding to t.
e amount of this sludge withdrawal is performed at the same time. 4As shown in Fto the sludge
withdraw  having been aerated and stirred is returned from a "first excess sludge tank or sludge
retention tank 12a equipped with aerator and a stirrer" (e. g. , first excess sludge tank 8a equipped
with at least an aeration device selected from an aeration device and a stirring device to perform
aeration and stirring) to a treatment tank (aerati.on tank or anaerobic tank) ("first s a. udge returning
step") . By virtue of this, activated sludge treatment can be stabl.,, performed while maintaining the
number of microorganisms (index: pollutant-decomposing genus Bacillus bacteria) having higr
pollutant decomposition property in the treatment tank at 2. OrlO to 22.5x10 fu/mL. In the case of a
standard method (similar1y to the sequencing batch reactor method) the amount of return sludge in
the first sludge returning step is in the range of 10 to 30%, oreferablv 15 to 17%, of the amount of
influent raw water. This first sludge returning step is important for the ennancement of efficiency of the
wastewater treatment by ',performing activated sludge treatment while maintaining the number of
microorganisms (index: 



SF 2327 33 pol to --decomposing genus Bacillus alrfteria) having high pollutant decomposition activity
in the sequencing batch reactor at 2.0x105 to 22. 5x105 cfu/ml" which is one feature of the wastewater
treatment method (a.) of the present invention. In the case of the standard method or the 03 system, a
route to directly return sludge precipitated in the sedimentation L toatreatmenttankisnecessary, a.nd a
return capacity of 0.25 time to1.5 times the amount of the influeroa Of is nocessar, [00851the
wastewater treatment method (a) of the present invention, sludge returning ("second sludge returning
step" Wa in Fig     from a "second excess sludge tank or thickened sludge retention tank 13a equipped
with an aerator  and a stirrer" (e.g., second sludge tank 9a for performing aeration and stirri to a "first
excess sludge tank or sludge retention tank 12a equippedw4 than aerator anda stirrer" (e.g., first
excess sludge tank Eia for perforningaerathpnandstirrina is carried out. The amount of the return
sludge in this second sludge returning step is in the range of 15 to 60%/week preferably 15 to
25%/week, based on the amount of sludge in the tank 12a. When growth of an activated sludge
treatment microorganism croup is inhibited in each treatment tank and/or the tank 12a, for example,
when the number of genus Bacillus bacteria (as an index) in the tank 12a is decreased to not more
than about 7.5x105 cfu/mL, this second sludge returning step is extremely effective for regeneration
and recovery of the activated sludge treatment microorganism group. During the run of the activated
sludge treatment, filamentous bacteria sometimes spread to  Ss'-232s 34 cause intibitlon of growth of
an activated sludge treatment microorganism group. The present inventor has found that also in this
case, this sludge returning from the tank 13a to the tank 12a extremely effectively serves to inhibit
growth of the filamentous has been also found that by virtue of this, novel and higher pollutant
oecomposu.tion activity of the microorganism group in the activated sludge treatrent.tha of the seed
bacteria exhibited. Moreover, a notable fact that the a=unt of pollutants is decreased by performing
this second sludge returning step has been found. 1086]In the wastewater treatment method (n) of the
prase invention, act ictec sludge treatment is performed while the number of pollutart-deconvosing
Bacillus subtiliewhich is an index strain of- bacteriaofamicroorpanismgroup having hiqh
pollutant3decomoosition property in the treatment tank, is maintained at 2.0x10.5 to 22. 5x105
cfu/m11- As ex ',pies of. n-dex bacteria of the genus Bacillus bacteria Bacillus thuringio---sisStrainA,
BacijlussubtilisStrainsandBacjllus subtilis Strain C, whic seed bacteria, and Bacillus subtilis Strain D,
Bacillus subtil.is Strain E and Bacillus subtilis Strain LT, isolation     which is described in detail in the
working examples, were used. By the method described in Example 3, Strain A  Strain B, Strain 0,
Strain D, Strain E and Strain F proved to be pollut t-decompoAino [0087] When the aeration level in
the tank 12a is expressed in  85-2327 



35 of 140 to 230 mV under the conditions of DO [amount of dissolved oxygen] of 1 mg/L. Aeration in
the tank 13a is performed as simply as air blow is done, and when the level of air blow is expressed in
terms of ORP, the ORP is in the range of -100 to -300 my under the conditions of DO of mg/i. [0088]In
the conventional methods, there is no instance in which aeration s performed in any of first and second
excess sludge tanks, a sludge rete tank, a sludge thickening tank and a thiccened sludoe retention
tank. [0089]Figis a schematic view showing only a flow of sludge  returning in the wastewater
treatme.nt met od (a) or tiepresent invention, and operations conducted, when th.is wastewater
treatment method (a) is applied toessual continuous treatment method (Fig. 1) , a usual sequencing
batch reactor method (Fig. 2) and a usual CD treatment method 3) , are described below. [0090]Case
of continuous treatment method         In the continuous treatment method (Fig.. 1) usually used in a
facility for treating a large amount of sewage, raw water la is received by a first treatment tank
2a(usually kept to be anaerobic) and subjected to removal of nitrogen, then the treated raw water is
aerated in a second treatment tank 3a and subsequently in a third treatment tanJ 4a and sent to a
sedimentat on tank 6a, and a supernatant liquid obtained. by solid-liquid separation is sterilized and
then discharged as an effluent 7a. On the other hand, a sediment obtained by solid-liquid  SF-2327 36
separation in the sedimentation tank 6a is subjected to sludge withdrawing (Xa) , and a part of the .31
dge is subje ed to sludge return (fa) to the first treatment tank 2a. The residue obtained after the
sludge withdrawing (X,a) is sent to a sludge thickening tank 10a and allowed to stand still, then a
supernatant liquid is withdrawn to perform thickening, and the sludgesent to a sludge retention tank
Ha. Then, a supernatant licuid is further withdrawn to perform thickening, and the sludge is then
discharged as discharge sludge 14a_ [00911In the sewage treatment facility used at present  (
irrespective of the types of the treatmer methous, suchas the aforesaid continuous type, seguebatch
reactor type and CCtype) , none of an aeration device and a stirring device are not installed in any of
the sedimentation tankthefirs: excess slud(or sludge 



retention tank) 8a, the second excess sludge tank (or thickened sludge retention tank) 9a, the sludge
thickening tank 10a and the sludge retention tank (or thickened sludge retention tank) Ha, and any
ecuipments (apparatuses) to p( form sludge returning from the tank Ha to the tank 2a, from the tank
10a to the tank 2a, from the tank ha to the tank 10a, from the tank 9a to the tank 2a, from the tank Ba
to the tank 2a, and from the tank 9a to the tank ea are not instaiHd [0092]When the wastewater
treatment method (of the present invention is applied to this continuous treatment, the operations of
the treatment include, for example, installing an aeration device and/or a stirring device in the
thickened sludge retention tank his to make  SF--2327 37 supply of air to the tank ila possible and
returning thh sludge having been aerated and stirred in the tank Ha to the first treatment tank. 2a. The
amount of this return sludge is in the range of 5 to 15%/day based on the amount (inflowof the raw
water Ia, and from the amount of the sludge returning Ya from the sedimen.tation tank 6a to the first
treatment tank 2a, an amount of 3 to 6 times as lynch as this return sludge is subtracted (the acun.
subtracted sometimes varies depending upon the LSS concentration in the first treatment tank 2a) . It
is preferable to add a proper amount of one or more kinds of a floccula.nt, a nutrient and a nitrogen
source. [0093]Case of sequencing batch reactor treatment method          As shown in Fig.2,la is
received by a first sequencing batch reactor 2a and a second batch reactor 3a alternately at intervals
of 6 hours, and dun. ig the period of 6 hours, a.eration and stirring (one cycle) are carried out.
Accordingly, 4 cycles are usually carried out per day, and the number of times and the period of time
of the aeration and the stirring are properly determined. For example, the aeration ant the stirring are
carried out 2 to 3 times/cycle, the aeration time isabout 1.5 hrx2/c. cle, andfte stirringtimeis about 1.5
x2 /cycle . While the aeration and the stirring are stopped, sedimentation of sludge and discharge of
treated water are carried out over a period of 4 to 5 hours. In addition, withdrawal of sludge is carried
out.  [0094]The operations conducted when the wastewater treatment method (a) of the present
invention is applied to this sequencing batch  SF-2327 reactor method will be described in detail in the
working examples. [0095]Case of OD [oxidation ditch] treatment metnoct Raw water la is introduced
into an OD tank 5a (Fig. 3,is tank is usually in an oval form,equipped with a device having both
functions of aeration and stirriwo positions and has constitution enabling circulation of raw water in this
tank), and 16, circulated in the tank 5a immediately after .Lnnroduction and after half round while beln
aerated and stIrred. Apart of e tank water (suspension) in the OD tank Ia fs introduced into a
sedimentation tank 6a and subjected to solid-liquid separation. Thereafter, a supernataht liquid is
sterilized and then isas an effluent 7a. A sediment ( ludge) 



is withdrawn (Xa), and a part of it is subjected to sludge returning Ya to the OD tank 5a. From a
residue of the sludge after the withdrawal, a supernatant liquid is withdrawn in a sludge thi.cken.inq
tank 10a to thicken the sludge. The sludge is sent to a sludge retention t ik 11a, then a supernatant
liquid in this tank is withdrawn to thicken the sludge, and the sludge is discharged as discharge sludge
14a- [0096]When the wastewater treatment method (a) of the present invention is applied to this
ODtreatment, the operations of the treatment include, for example, installing an aeration device and/or
a stirring device in a thickened sludge retention tank Ha to make supply of aft to the tank Ila possible
and returningthesludge,whichhasbeenaera and stirred in the tanz lea, to the OD tank 5a. The amount
of this  SF-2 39 of the raw water la, and from the amount of,dge returning Ya from the sedimentation
tank 6a to the OD tank 5a, an amount of 3 to 6 times as much as this return sludge is subtracted (the
amount subtracted someti s varies de on the MLSS concentra the OD tank 5a). It is preferable to add
a proper amount of one or more kinds of a flocculant, a. nutrient and a nitrogen source. [0097]Prior to
introduction of the raw water 1..a into the fi.rst treamerlt- tank 2a, the segnencing batch reactors 2a
and 3a and the OD tank ha, averaging of water quality and concentration of the raw water la is
generally carried out in advance in an equalizing tank. [0098] it has been found that by the addition of
treatment acceleratorsthe treatment tank, the tank 12a and the tank 1 in addition to the step of
ret.urnlng excess sludge from the tank 12a to the treatment tank (sequencing batch reactor), high
effects of liberating an activated sludge treatment microorganism group in each tank from a state of
shocking conditions caused by inflow of growth inhibiio substances, recovering
pollutant-decomc.osingdadteria and developingbecteria havingruch nigher pollutant decomposition
property are obtained. 0099 ]Use of a silicon compound or a magnesium compound (independent use)
as the treatment accelerator sufficiently exerts an effect, hut use of a mixture of a silicon compound, a
magnesium compound, an aluminum compound, peptone and a dry yeast extract exerts a better
effect. When a mixture of a silicon compound, a magnesium  SE('-2327 40 



compound, an aluminum compound peptone and a dry yeast extract is used in combination with a
nitrogen source, a much better effect is observed. The treatment accelerators are added once or twice
a week. The treatment accelerators added are adsorbed by flocs litunediately after the addition.
Therefore, they are thickened to 30 to 70 times, usually about 50 times In the flocs, and they act on the
microorganism group. When the activated sludge treatment nicroorganismoroun suffers growth
inhibition and shockino conditions .in each treatment tank and/or the tank 12a, the treatment
accelerators are added every time, whereby gro- Ln of the activated sludge treatment microorganism
group can be recovered. [0100]In the wastewater treatment method (a) of the present  nvention,
addition of a nitrogen source to the tank 12a and/or the tank 13a is preferable because it is effective
partcularl,f for the growth of the pollutant-decomposing microorganism group. As the nitrogen sources,
peptone, a yeast extract, and/or nitrogen compounds (such as urea, ammonium sulfate, ammonium
nitrate and ammonium chlori de) , and return sludge from the retention tanks 12a and 13a are used
singly or in combination of two or more kinds. Use of a combination of the treatment accelerator and
the nitrogen source is effective for the growtn of the pollutant-decomposing microorganism group, and
nesides, it eatly contributes to derivation of a novel pollutant-decomposing microorganism group.
[0101]Next, the wastewater treatment method (3) , the wastewater  SF-2327 41 treatrent system and
the method for measuring pollutant decomposition activity of activated sludge microorganisms of the
present invention are described in detail with reference to Figs. 5 to 7 of the attached drawings.
[0102]Wastewater treatment method (         As shown in Fig. 5, the wastewater treatment method (3)
of the present invention :performs wastewater treatment by conprisng, ar a wastewater trearmen.,
using an activated sludge process including at least the afor said 5 steps,           lnstaliir.g at least an
aeration device selected fronian aeration device and a stirring device in.. a sludge retention tank 30
and/or a thickened sludge retenti on tank 50 and performing the aforesaid sludge returning (II);
adding a sludge flocculant and a nutrient to one or more ta s of the aeration tank 10, the sludge
retention tank 30 equipped with the device and the thickened sludge retention tank 50 equipped with
the device; and         maintaining the number of genus Bacillus bacteria in the tank, to which the sludge
flocculant and the nutrient have been added, at 2.0xTh95 to 111x105 cfuir.M. [0103]Ey carrying out
such wastewarer troatment ( of the present
invential,pollutantsandsrudgeareefficientlydecomposedbybacterial straiand microorganism group
having high starch decomposition  SF 2327 42 



property. Of genus Bacillus bacteri a, a combination of Strain A (starch decomposition property + fat
and oil decomposition property) and Strain   (fat and oil decomposition Property protein decomposition
property) , said strains havernationaily deposited, and strains of Strain C to S lra.in F have starch
decomposition property, fat anti ci decomposition property and protein decomposition property,
andparticularly,Strain A + Strain B, and Strains C to F have high Taro decomposition property. Mold of
Strain C and yeasts of Strains H to J have high starch decomposition Property and fat and oil
decomoosition property, but they are iipr to StrainStrain a, and Strain C to Scram F in protein
decomposition property. Therefore, in order to ef acts- tly decompose poll utan s and sludge
(particularly protein) , the number of genus Bacillus bacteria in th.e tank to which the sludge
and the nutrient have been added needs to be maintained at 2.0x105111x1Os cfu/mL. [01041The
lower limit of the number of the bacteria is a numerical value determined by analyzing bacterial floras
in a sewage treatment facility in each place and taking into consideration a gross yield coefficient of
sludge and the number of genus Bacillus bacteria of experimental plants in literatures. Also n the
experimental sewage treatment facility now being run, almost the same talnerical value has been
obtained. [0105]Activated sludge process It is said hat activated sludge is produced when
microorganisms  SF-2327 43 present in sewage and wastewater explosively propagate and grow
owing to decomposition of organic matters and supply of oxygen (aeration) and by the activated
sludge, organic pollutants in sewage and wastewater are decreased (treated). In the actual
circumstances, however, there are problems in the activated sludge process, such that the amount of
sludge produced is large and the sludge treatment cost is high-[01061: In the Present specification, the
wastewater treatment using activated sludge is generally called "activated sludge process". The
activated sludge process is further subdivided by the technique to supply oxygen to tue
microorganisms(oxygen is ot daringly-supplied temporarely depending pon the system) and the mode
of the subsequent stepseparating activated sludge from a mixture of the sludge and water. Theatea ' to
supply oxygen is called an "aeration tank 



10". [0107:In the wastewater treatment method (r)) of the present invention, activated sludge is placed
in a water- tank(aeration tank 10) made of reinforced concrete or steel plate, and air is supplied into
the tank by an air blower (embodiment wherein air bubbles come out from the tank bottom is possible).
If sewage or wastewater 1 is allowed to flow into the tank little by little, nollutants contained in the
sewage or wastewater I are used as "food" for microorganisms (e.g., seed bacterial floras 2). Since the
same amount of water containing the activated sludge as that of the influent sewage or wastewater 1
overflows, this water is allowed to flow into another  44 water tank. This tank is called a sludge
sedimentation tank 20. The activated sludge has a specific gravity higher than that of water, and
therefore, it is precipitated and accumulated on the bottom. The sediment is allowed to flow into a
sludge retention tank 30 by the use of a pump or the like and is temporarily retained therein, and this
sludge is returned to an aeration tank 10 (this called "sludge ret PA series of equipments designed so
that these operations may be continuously carried out are used. [01081As shown in Fig. 5, such an
activated sludge process typically includes at least ,he following steps [0109]a step (1): aeration step
wherein sewage or wastewater 1 having a biochemical oxygen demand [PAM of not less than 80 mg/L
is allowed to flow into an aeration tank 10 equipped with eration device and a stirring device, to which
seed bacterial floras 2 have been added, and the sewage or the wastewater is aerated and st.i rred to
obtain a stirred liquid 11, [01101a step: separation step wherein the stirred liquid 11 obtained in the
stepallowed to flow into a sludge sedimentation tank 20 and allowed to stand still to separate the liquid
into a supernatant liquid 21 and precipitated sludge 22, and then the supernatant liquid 21 is
discharged out of the system as an effluent 23, [0111]a step (3): retention and returning step wherein
the precipitated sludge 22 obtained in the step (2) is withdrawn and retained  SF-2327 



in a sludge retention tank 30, and a part of the sludge is returned to the aeration tank 10, [0112]a step
(4) : thickening step wherein the retained sludge- obtained in the stephi-'udge thickening tank 40
and/or a centritTuual thickening machine 60, and [0113]a step (5) : retention and discharge step
wherein the  thickened sludge obtained in the step, (4) is retained in a thickened sludge retention tank
50, and a part of the sludge is discharged out of the s [0114]As.methods to treat. wastewater, such as
sewage e . g . , sewage ar domestic wastewat.er) , laboratory-wastewater, industrialwastewater,
livestockwasrewateranosludgetreatedwater, using the above ac tivated sludge process, there are three
kinds of treatment methods, as previ ous y described. 0115jAs previously described, the treatment
methods are divided into a continuous treatment method usually called a "standard method", a
treatment method called a sequencing batch reactor method and an CD treatment method. [0116]In
the case of, for example, the sequencing batch reactor method, as shown in Fig. 7, there are treatment
equipments of 4 tanks, and wastewater is introduced into first and second sequencing batch reactors
70, each of ich is equipped with an aeration device, a stirring device and a drainage device, and is
subjected to activated sludge  SF-2327 46 the sequencing batch reactors 70 law ithdrawn and
transferred into a sludge retention tank 30 (also referred to as a "first excess sludge rank)Thissludge is
further thickened, retainedina thickened sludge retention tank 50 (also referred to as a "second excess
siu je properly discharged from the tank, subjected to dehydration and then subjected to landfill 1g,
incineration or the like. 



hand,  the supernatan iguid in the sequenci  batch reactors 70 is drawn up by the drainage device and
discharged into. Intnanycases,therawwa e is ntroduced into a treatment tank after the water Quality
and the concentration of the influent wastewater are averaged in advance in an equalizing tank_
[0118]Sewage or wastewater, supernatant liquid and effluent                              "ge or wastewater 1"
(also referred to "wastewater", water", "raw wastewater" or "sewage" simply in this specification) is
sewage having a biochemical oxygen demand [BCD j of not less than 80 mg/L, and may contain
human wastes and swine trine. 0119]BUD of wastewater, BUD of human wastes and SOD of swi.ne
urine are preferably in. the ranges of 80 to 600 mg/L, 7,000 to 12,000 mg/t, and 20,000 to 40,000
mg/L, respectively. [0120]BCD of the "supernatant liquid 21" is preferably not more than 1% of the
SOD of he "sewage or wastewater 1" [0121?In order to discharge such wastewater to a. public water
area after the treatment, regulations that the SOD is not more than 20 mg/L must he observed.
Therefore, when the BUD of the "supernatant  



liquid 21" becomes not more than 20 mg/L, it is orscharged out of the system as an "effluent 23".
[0122]Aeration device          In the aeration tan 10, an aeration device and a stirring device are ias
shown in Fig. 5. [0123]As shown in Fig, an embodiment of the aeration tank  10 may be applicable to a
conventional continuous treatment, in which two or more tanks are connected .iri series. In a first
treatment tank 12, an anaerobic t.raatment is performed bv only stirring without aeration, and aerati.on
and stirring is performed in a second treatment tank 13 and its subsequent treatment tanks, to which
seed bacterial flora 2 are added. [0124.]Bytenporarilvstoppinq the aeration and stirring functions of
such an aeration tank 10, the aeration tank 10 can be used also as the sludge sedimentation tank 20,
as shown in Fig. 7. [0125]Seed bacterial flora As the "Seed bacterial floraadded to the aeration tank
10, Strain A, Strain E. and Strain C are preferably used. 101261As the strains proved to show night
sell decomposition property, any other strains than a combination of Strain A and Strain    (non patent
literature I) and Strain C have not been known. Also internationally, any other night soil-decomposing
strains or pollutant-decomposing strains have not been known (or have not been specified) .  SF-2327
48 [0127]When the wastewater treatment method of the present invention s carried out using a
coirnanatson of genus Bacillus cteria and microorganisms other than the genus Bacillus bacteria ( g
Lolds 0nci yeasts) as seed bacueriai flora, the sludge reduction (dry weight; compares: to the usual)
can be raised to not less than 50%, and the sludge reduction ratio in 2007 s 62.75% (gross yield
coefficient of sludge: 28.376%). 



[0128]On the other hand, in an agricultural villeee wastewater treatment facility (0D treatment method
was adopted, and industrial wastewater did not flow in -this facili.ty), a oonvent.iona1 wastewater
treatment me od wherein aerEt ion was performed in a sludge retention tank s carrjed out using Strain
A to Strain J as the seed bacterial flora 2a instead of Strains A to C, from March, 2010, and from. May
to July, sludge reduction of 25 to 30% was conf:inned. In this conventional wastewater treatment
method, aeration wasarmed in the sludge retention tank, and into an OLD tank and each of sludge
retention han?cs (3 tanks in all), 0.01 to 0.5 g of T01203, 0.01 to 2.0 g of Si02, 0.01 to 0.5 g of MgC
and 0.8 to 250 mg of peptone (per in of each tank and per day) were added based on 1 g/1 of MLSS
as treatment accelerators. Since t: _ nitrogen content in the influent was high, a nitrogen source was
not added. Data from the middle of Wily, 2010 to October 30, 2010 could not be obtained because
failures of the aeration device and the stirring device occurred. As the reasons why the sludge
reduction ratio did not reach 50% in this case, there can be considered: (1) differently  SF-2.327 49
from the wastewater treatment method of the present invention, sludge returning, etc. were not
performed, (2) values of the sludge concentrations in the aeration tank 10 and the sludge retention
tank 20 could notobtained in the early stagethat a countermeasure could not be taken -) theamountof
influent pollutants and the amount of discharge sludge could not be precisely grasped, and (4) failures
ireojienty occurtho aeration device, etc. in the facility. Th Strains A to r will be described in detail in the
working examples.  [0129When an xperimental plant was used, the gross yiel.d coefficient of sludge
was 15.3% (residencetime: 12 to 15 hours, water temperature: 12 to 24C), as described in the non
patent literature 2. From this value, it can be presumed that. sludge reduction of not less than 80% can
be attained as compared with a treatment faci iity having a. gross yield coefficient of sludge of 90%.
From this, it is thought that even if seed bacterial flora is not added sludge reduction of not less than
50% is possible. However, this value is obtained by the use of an experimentaltotal volume of 4 tanks:
3.6 m'), and sludge reduction is more easily attained than In the case of using real ecuipments. This is
attributable to that when growth Inhibition occurs in the experimental plant, operations such as control
of aeration rate and withdrawal of sludge are easily made, and the influence of the growth inhibition
can be suppressed low. [0130]Pollutant-highly decomposing bacterial floras It is preferable that
sollutant-highly deoomposi.ng bacterial  



SF-2327 50 floras are derived from the seed bacterial flora 2 alapse  of a given period of time in e
wastewater treatment method of the present invention_ (013UIt is preferable that .he pollutant -highly
decomposing bacterial flora have starcr decomposition property and fat and oil decomposition property
and have a suspended solid [SS] removal ratio, said SS being contained in a cooKee meat medium
(0xcid)', of not less than 70% and a suspended solid [SSI removal ratio , saidSSbeingcontained in a
cooked meat medium (Ditaao), of not less than 30%. The SS removal ratio, said SS being contained in
a cooked meat medium (Oxold), is more preferably not less than 80%. [0132]As the cooked meat
medium, "COOKED MEAT MEDIUM" (0XCIDi code: CMCC8li manufactured by Oxoid and "Difco
(trademark) Cooked Meat Medium" (catalogue No. 226730) manufactured by Difoo are used,
respectively. [0133]The composition of the cooked meat medium (Oxoid) (per liter) is as follows: heart
muscle (dry) 73.0 g, peptone 10.0 g, Lab Le=o powder 10.0 g, sodium chloride 5.0 g and glucose 2.0
g. The composition of the cooked meat medium (Thfcc) (per lito is as follows: bovine heart muscle (d
8.0 g, protecse peptone 20.0 g, glucose 2.0 g and sodium chloride 5.0 g. [01341:In general, protein
decomposition property is evaluated in terms of albumin decomposition property, casein
decomposition property, gelatin decomposition property, etc. However, when casein  SF-2327 51 or
gelatin is used for evaluating protein decomposition property, there are many decomposing strains,
and it is difficult  to obtain an index of poll ant decomposition property. Therefore, the present inventor
has originally introduced evaluation of protein decomposition property using cooked meat media.
[9135]n about 300 mg of a cooked meat medium (Oxold) and about 300 mg of a cooked meat medium
(Slice) were each suspended in 6 mE of water and shaken for 10 days, the SS ros.:_dlie in the case of
Cxcid was 49.7%, and the SS res due the case of Slice was 653.4%. From this, these two media
proved to be greatly different from each other in properties. 



[0136]it is preferable that when Strains to C are used as seed bacteria- flora, the ollutant-highly
decomposing bacteria contain at least one kind of genus Bacillus bacteria selected from the group
consisting of Strain D, Strain F and Strain F, or contain at least one kind of the genus Bacillus bacteria
and Strain G that is mold and/or at least one kind of yeast selected from the group consisting of Strain
H, Strain I and Strain T. [0137]The cooked meat media can be decomposed by limHted stcz and for
example, genus Clostridium bacteria, genus Bactero cibacteria, genus Serra Lia bacteria, etc. are
known. These pollutant-highly decomposing bacterial floras will be also described in detail in the
working examples. [0138]Sludge flocculant and nutrient  SF-2327 52         By adding a sludge
flocculant and a nutrient (both being also somenlhas referred to as "treatment accelerators" simply in
this specification) to the aeration tank 10, and the sludge retention tank 30 equipped with the device
and/or thethickened sludge retention tank 50 equipped with the device, said tanks 30 and 50 being
eaugpped with     least an aeration device selected from an aeration device and a sti.rri nci dcvi cc,
efficiencyof the wastewater treatment can be enhanced K11391A nitrogen source is preferably added
to the sludge retention tank 30 equipped with the device and/or the thickened sludge retention tank 50
equipped with the device together with the sludge floccalant and the nutrient. [0140]The sludge
focculant preferably contains an aluminum compound, and a si ....con compoi d and/or a magnesium
compound. The nutrient is :of era ly peptone and/or a dry yeast extract. The nitrogen source is
preferably one or more substances selected from tg_ group consist nq of urea, ammonium sulfate,
ammonium chloride and ammonium crate. [0141]The amounts of the above compounds added based
on 1 9/1 oi a mixed liquor suspended solid [MESS, activated sludge floating matters in mixed liquid in
aeration tank] in a tank are set forth in the following table (each amount being an amount per cubic
meter f of the tankandperday)MLSS means fl-oating activatedslipdgein sewage 



in the aeration tank.    SP-2327 54 [0143]Wastewater treatment. system         As shown in rigs. 5 to 7,
the wastewater treatment system of the present invention comprises, in a wastewater treatment ucd. g
the aforesaid activated sludge process,         installing at least an aeration devi.ce selected from an
aeragflon device and a stirring device in the sludge retention tank 30 and/or the thickened sludge
retention tank 50, and performing the aforesaid sludge returning (I) and/or (II),        adding a sludge
foocculant and a nutrient to one or more tanks or the aeration tank 10, the sludge retention tan1c. 30
equipped with. the device and. the thickened sludge retention tank 50 equipped with the device, and
maintaining the number of genus Bacillus bacteria in the tank, to which the sludge Ci.. occulant and
the nutrient have been added, at 2.0xn05 to 111x [0144]As shown in Fig. 6, an embodiment of the
aeration tank 10 used in the wastewater treatment system may be applicable to a conventional
continuous treatment, in which two or more tanks are connected in series, and in a first treatment tank
12, an anaerobic treatment is carried cut only by stirring without aeration, and to a second treatment
tank 13 and its subsequent treatment tanks, seed bacterial flora 2 are added, and aeration and stirring
are performed.  [0145] As shown in 8, by temporarily stopping the aeration  SF-2327 55 can be used
also as the sludge sedimentation tank 20. [0146]Compounds used for the sludge flocculant, arid the
nutrient 



in the wastewater treatment system, and amounts of the compounds, a compound used as a nitrogen
source added together with these treatment accelerators, and an amount of compound are the similar
to same as those previously described. [0147]Method for measuring pollutant decomposition activity
activated sludge microorganisms         The method for measuring pollutecomposititn activity of
activated_ s ge microorganisms of the present invention comprises calculating a Si removal ratio from
the following formula (i) using a dry weight (X) of 33 obtained alter barter] a 1 inoculation and culturing
in the cooked meat medium and a dry weight (Y) of SS obtained after culturing without bacterial
inoculation in the cooked meat medium; SS removal ratio (I) - { (Y-X)/T}x100 thereby measuring
pollutant decomposition performance of activated sludge microorganisms contained in the seed
bacterial florae or in the pollutant-highly decomposing bacterial: floras.        In this method, starch
decomposition property and oil decomposition property are also preferably taken into co, ideratic
[0148]The methods for measuring starch decomposition property and oil decomposition property are
described later. 101491The SOD component removal ratio can be measured in  SF-2327 56 briefly
described below. [0150]The amount of dissolved oxygen [DO] contained in test water and consumed
by microorganisms (cultured 25days) is measured, and the amount measured is expressed in mg/L.
Ph rst, two "oxygen bottles" of known volume (e.g. , 200 mL) are prepared based on each dilution
level, and a half of each bottle is filled with diluting water. The dilution level of test water is gradated by
1/2. Into two bottles fo first concentration, a gimen amount (e.g. , 40 zd) of test water is introduced,
and the space of each bottle is filled with diluting wat..er Likewise, test water, in a gradated amount by
1/2 (e.g. , 20 mi) , is added to a pair of oxygen bottles and toe space of each bottle is fi led with diluting
water to prepare test water of each level concentration (e.g., 10 mi, S mL, 2.5 rI, etc..) . After 5
minutes, the amount of dissolved oxygen (A [mg/L]n one bottle. in each dilution level is measured, and
the other bottle in ach level is closed, followed by culturing at 20C for 5 days. After culturing, the
amount of di ssolved 



oxygen is measured, and acal value in the dilution level showing a value of 3.5 to 6 frg/L, is adopted as
the oof dissolved oxygen (3 [fig/1,1). The B00 value is calculated from the ecuation: BCD. vat         =
-3) x dilution ratio. When seeding in performed, the value obtained is corrected. The amount of
dissolved oxygen is measured by Winkler sodium azide method (JIS K 0102-24.3) or a dissolved
oxygen meter ;mainly in the field) . [01511The present invention is further describedreference
SF-2327 to the following example but it should be construed thatthe present invention is in no way
limited to those examples. `PL ES '0, 2At the beginning of December, 2006, seed bacteria were
added, then the wastewater treatment method of the present invention was started and activated
sludge treatment was carried out in the following manner. [0153]The sewage treatment facility (the
Public Sewage Work Nagamine Purification Management Center in Nak o-shi, Nagano-ken) used in
-moles was constituted of two sequencing batch reactors 70 (maximum volume of each a k: 365
m3)sludge retention tank 30 (maximum-rolume: 40m3) anda thickened sludge retention tank 50
(maximum volume: 20 Trc'), in each of which an aeration device, a stirring device and a treated water
withdrawal device were installed, and a centrifugal thickening machine 60 (sludge can be thickened to
at most 4.5 times and is thickened to 4 times on the average), as shown in . 7. 10754]in this sewage
treatment facility, a device to return sludge    hm a sludge retention tank 31 to a sequencing batch
reactor 70 was only arranged (in usual, the device to return sludge is not arranged in a sequencing
batch reactor type treatment facility), and in the sludge retention tank 30 and the thickened sludge
retention k SO, any of an aeration device,astirringdeviceandatreatedwater thdrawal device was not
arranged. 



SF-2327 58 [0155]Meth, such rou s to perform sludge retuning i) t as described previously were newly
arranged. [0156]Pu her, an aeration device and a stirring device were newly installed in ach of the
sludge retention tank 30 and the thickened sludge retention tank 50. However, the aeration device
installed in fhe thickened sludge retention tank 50 was used for the main purpose of air-stirring by
setting a pipe to the tank, and the st irr.img device s us.ed as an a sistant . When the MISS
ccnoentrati.on in the thickened       _e retention tanK " is not less than 15,000 mg/L, aeration cannot be
normally carried out. [0157]The amount of inflow of sewage or wastewater] ( al so referred toes
"rawwater" hereinafter) was 184.8 /day (2005) to 184.9 m3/day (2009), and the residence time was
&gnat 4 days. Inflow of w water was changed at intervals of 6 hours, and operatibna of 4 cycles a day
were carried out. Th each cycle, aeration and stirring of two times (total: 6 hours) were conducted, and
sedimentation of 3 hours and discharge otsupernatant.. liquid 21 were conducted. The. reason Ls that
operations under these conditions resulted in best sludge sedimentation performance. [0158]When the
aeratio level in the sequencing batch react 7 was expressed is terms of ORP, the OR? was 50 to 300
my (usually 100 to 280 mV); when the aeration level in the sludge retention tank 30 was expressed in
terms of ORE, the ORE was -50 to 300 mV (usually 100 to 280 mV); and when the aeration level in the
thickened sludge  SF-2327 rc-zek 50 was express d in term of ORP, the CRP was -350 



-100 mV (usually -300 to -100 mV). [01591By the use of the centrifugal thickening macl.1ine 60
thicken sludge in the sludge reter tank. 30,sludge: of 3 m3/day in the sludge retention tank 30 was
thickened to that of 1 m u y on the average in 2005, but in 2009, sludge of 4.2 to 4.8 m'iday was
thickened to that of 1 n /day on the average. ;01601The amount of return sludge in the sludge
returning (i)  basedontheamount of influent raw water is 15 to 50% (maximum: usually 70%) in the
conventional standard process and is 10 to 30% in the sequencing batch reactor process. On the other
hand, it was about 12 to 16% (corresponding to 2.7 to 4.1% based on the tank volume of the
sequencing batch reactor 70) in the examples. 10161JThe amount of return sludge in the sludge
returning (ii) based on the amount of influent raw water is 1.6 to 6% ;correspond to 7.5 to 30% based
on the tank volume of the sludge retention tank           e facility equipped ith a sludge thickening
machine. On the other hand, it was 1.6 to 2.8%/each time-twice a week (corresponding to 7.5 to
12.5%/each time.twice a week based on the tank volume of the sludge retention tank 30) on the
average in the examples (see Japanese Patent Laid-Open Publication No. 189991/2000 and
Japanese Patent Laid-Open Publication No. 216789/1998). [0162]Fxample 1, Comparative Example 1
SE-2327 60 s udge tan 13a shown in Fig. 4, both being capable of performing, aeration and stirring,
andadevicecapabieofperforminoafirstsludgereturning, step Va, were installed in a sequencing batch
reactor type activated sludge treatment apparatus shown in Fig , and the apparatus was used. [0163]
In Comparative Example 1, a sequencing batch reactor type activated sludge treatment apparatus
shown in Fig. 2 was used, and the results obtained from the begin. g of January, 2005 to the end of
December, 2005 are set forth. The first excess sludge retention   ank ea and the second excess
sludge tank Comparative Example 1 had no devices for aeration and stirring. In this period of time,
however, the apparatus had a device for use in the sludge returning step and capable of returnino
sludge from the first excess e tank 9a to the sequencing batch reactor. [0164]Into the first sequencing
batch reactor 2a and the second sequerctch reactor 3a each of which wac a treatment tank having 



a maximum volume of 365 irS, sewage of Nagamine area, Nakano-shi, Nagano en was allowed ts flow
as raw water, and operations of 4 cycles were carried out. In each cle, aeration and stirring were
carried out twice. The facii ity was operated in a treatment amountamount of discharge water, .5. ,
amount of influent water) of about 45 nil in one cycle. [01651As seed bacteria, Bacillus thuringiensis
Strain A, Bacillus subtilis Strain B and Bacillus subtilis Strain C were added to the first sequencing
batch reactor 2a, the second sequencing batch reactor  and the f.irst excess sludge tank Ea. 10166;
During this operation, withdrawal of sludge from both of the sequencing batch reactors  the total
maximum amount of about 30 m3/day (=amount of return sludge) d tLuauuresurnanawere c ried out.
The amount of sewage treatedwas about 185 613/cay. In the treatment operations, the first sludge
returning step Va of the maximum amount corresponding t- 16% of the amount of influent raw water
was carried out. When the number of aenus Bs 7 bacteria i.n each sequencing         reactor decrees to
about 3xi0 eft' ..TT, the amount of withdrawn excess sit e and the amount of return sludge were in
eased to maintain the nunrer of nollutant-decomposi ng microorganisms ( genus Bacillus  bacteria as
anindex) havli pollutant decomposit.ion activity at 2.0x105 to 22 . P x10 c [01671The number of
microorganisms (n umber of genus Bacillus bacteria) in the treatment water (raw water, - eatedwate ),
the Tater guality (SOD) , the total nirrcgen (T-N] and the total amount of phosphorus compounds [T-P]
were measured twice a month, and a monthly average value was calculated. The resulting value is
expressed in terms of an a lua- ave ge value. the number of microorganisms, the total number of
bacteria and the number of qenus Bacillus bacteria were measured once a week. The amount of
influent raw dater and the     lows and mova]. ratios (annual average) of SOD and SS are set forth in
Table 2, and the amounts of influent T-N and T-P and the removal ratios thereof are set forth in Table
S722")27 62 [0168]The total aeration time (per year and per day) in the treatment tanks is set forth in
Table 4. The ORP was &aintained at 100 to 270 mV (DO: 1.0 to 1.1 mg/L), 



[0169]As indexes oIl pollutant decomoositionpropertr, theamount of discharged sludge, the sludge
reduction ratio and the gross yield coefficient of sludge are set forth in Table 5 10170]The measured
value- for the numbers of microorganisms  (numbers of genus Bacillus bacterial! in the first sequencing
batch reactor 2a and the first excess sludge tank 8a in Exampl.e I are set forth in Table 6. For the main
purpose of maintainihg sedimentato property, the MLSS concentrations in both the sequencing batch
reactors were controlled by increasing or decreasing the amount of sludge withdrawn, and as a result,
theMLSS concentrations in both the sequencing batch reactors were maintained at 2,700 to 4,300
ma/L (MLSS concentrations in both the sequencing batchin Comparative Example 1: 1,250 to 2,150
mg/ML).    SF-2327 64 [0172]As is apparent from Table 2, in Examplen spite that the amount of
influent DOD in the wastewater markedly increased, the removal ratios of SOD and 55 were
remarkably improved as compared with those of Comparative Example      SE-2327 



67 01/61In Comparative Example I, because of inflow of growth inhibitorysubstancescons ciered to be
industrialwas Aa..ercontaining poisonous substances, the activated sludge microorganism group
frequently became i.n estate of shocking conditions during runs, so that withdrawalsludge was carried
out in order to improve sedimentation property. On January 29, February 26, March. 26, April 16 and
April 26, the microoraanism group became ine of serious shock g conditions accompanied by
decrease in the number of oenus Baoi 7 _7Sbacteria (except January 29 and February26) , and
sedimentation was inhibited. Therefore, toe amount of sludaewithdrawnandthe amount of return
sludge were increased, whereby the number of genus Bacillus bacteria was recovered to a normal
value. In June, swell of sludge took place, ar!c sedimenon property was deteriorated. 'Therefore, on
June 4, June 11, June 18, June 25 and !July 2, 1.5 L portions of Locculant (poly aluminium chloride
[pad] represented byformula P.,1209H)n'C1erean n and m are numbers satisfying the conditions ofand
m--10) were added to the sequencing batch reactors, followed by running. As a result, fine bubbles
rose to the surface on July 30, and sedimentation property was improved. [0137]The sludge reduction
ratio in Example I was 62.745% and was extremely higher as compared with that in Comparative
Example 1. In Comparative Example 1, the decomposition property was low in spite that the number of
genus Bacillus bacteria before addition of seed bacteria was as extraordinarily large as about 6x105
cfu/mi.  SF-2327 68 Table 6: Number of genus Bacillus bacteria (x10 cfu/mL) 



Dane of measurement First sequencing batch reactor 2a First excess sludge tank 12a PomrKs 2056
Dec. 5.00 7.00 before introduction of seed bacteria   



6.00 7.80 after introduction of seed bacteria  Dec.18 6.25 9.00   Dec.28 11.7 27.5 qerminationinexcess
sludge tank 2007 Jan.9 9.25 10.5 



Jan_ 22 9.75 9.70   Feb.a 11.3 21.0 qerininatLon of seed bacteria in each tank  Feb.19 22.5 19.5 -  



Mar.5 15.7 21.8   Mar.25 21.0 13.8 -  Aor.9 15.3 17.5 many filamentous bacteria observed  Apr.26
3.50 



8.00 decrease in genus Bacillus bacteria: addition of seed bacteria to excess sludge tank  May 14 9.25
8.00   May 28 8.50 9.50 decrease in number of genus Bacillus bacteria previous week The amount of
return sludge from first excess sludge tank was doubled. 



Jun.11 7.20 11.5 -  Jun.25 8.25 14.3   Jul.9 7.50 13.7 -  Jul.23 8.00 



11.3   Aug.ro 12.3 17.0 decrease in number of genus Bacillus bacteria previous week ston of sludge
withdrawal and return  232 / 69 [0179]    Date of msurement First sequencing 



batch reactor 2a . 1_ excess dge tank 12a Remarks 0 27 3.25 10.0 decrease in 'timber of genus
bacillus bacteria  Sep.10 6.50 14.0 -  



Sep.25 8.25 14.0 good operation in all tanks  Oct.15 13.3 19.5 -  Oct.29 8.50 16.3   Nov.5 14.0 16.8 



Nov.19 9.90 13.5   Nov26 .  10.3  occurrence of filairpntops bacteria  Dec.3 4.74 9.00 - 



Dec.17 12.5 14.3   [0180]ILc21121f_ 2         In Example 2, the wastewater treatment method 6d of the
present invention was carried out from January to December, 2038 in the same manner as in Example
1. In this period, sludge returning (second sludge returning step Na in Fig. 4) from the second excess
sludge tank 13a, in ich aeration and stirring had been performed, to the first excess sludge tank I2a
was carried ied out in an amount of 25%/week based on the amount of the sludge in the first excess
sludge tank. [0181]The amount of influent raw ',rater and the inflows and removal ratios (annual
average) of BCD and SS (suspended solid) are set forth in Table 7, and the amounts of influent T-N
and T-P and the removal ratios thereof are set forth in Table 6. [0182]The total_ aeration time (per
year and per day) in the treatment tanks is set forth in Table 9. [0183]As indexes of pollutant
decomposition property, the amount  S5-2 227 70 of discharged sludge, the sludge reduction ratio and
the gross yield coefficient of sludge are set forth in Table 10. [01841The measured values iou the
numbers of microorganisms 



(numbers of genus Bacillus bacteria) in ne first sequencinn batch reactor 2a and the first excess
sludge tank 12a in Example 2 are set forth in Table 11. Ebr the main purpose of maintaining
sedimentation property, the MISS concentrations both the sequencing batch reactors t.anks were
controlled by increasing or decreasing the amount of sludge withdrawn, and as a result, the FLSS
ooncenrations inhoththe senuenoincx batch reactors ere maintained at 2,200 to 4,200 mg/11 (MLSo
concentrations in both :he sequencing hatch reactors in Comparative Example 1: 1,250 to 2,150
mg/caL) .    72   Gross yield :coefficient  99'56  00[400p9i 05P5TS  CD f7-109V Amount of discharged
sludge 



0,60'tiT 00T '9 SOD Removal ratio  97J7'66 700' 66 Amount of removed BOO  S'9E0'ST  F-7777-7177
influent BOO  9'698'ST 19,160.8 



/ / / / / / the year 2005 (Comp. Ex. 1)   SF-2327 73 [0189]As shown in Tableli,byperfcrmic returning
(second sludge returning step Wa in Fig. 4) from the second excess sludge tank 13a to the first excess
sludge tank 12a, remarkable improvement in removal of pollutants and sludge reduction ratio was
observed. [0190] Table 11: Number of genus Bacillus bacteria (x105 cfu/mL) (the year 2008) Date of
measurement First sequencing 



hatch reactor 2a First excess sludgerankala Remarks Jan.7 13,5 _"  Jan.21 14.8 18.5  Feb.4 10.5 17.0
Feb.18 



9.25 10.5  Mar.3 6.75 18.5 - Mar.17 11.8 17.3  Apr.7 10.5 9.75  Apr.21 5.28 8.75 



May12 4.00 14.5 - May26 4.75 9.50  Jun . --R..7 12.3  20 mi return from first excess sludge tank
Jun.30 5.25 17.3 - 



Jul.14 4.75 17.0  Jul.28 4.25 9.80 - Aug.4 6.0 8.0  Aug.18 10.5 16.8  Sep.E 8.50 



17.0  Sep.22 6.50 17.3  Oct.6 6.50 23.6  Oct.20 7.50 21.0 - Nov.3 14.5 33.8 - 



Nov.17 15.3 23.0 - Dec.1 10.3 24.5  Dec.15 8.50 30.3   [0191]t s apparent from the numbers of genus
Bacillus bacteria that by performing sludge returning (second sludge returning step Wa) from the
second excess sludge tank 1 a to the first excess sludge tank 12a and sludge returning (first sludge
returning step Va) from the  SF-2327 first excess sludge tank 12a to the first sequencing batch reactor
2a and to the second sequencing batch reactor 3a, the number of genus Bacillus bacteria was
recovered in the early stage, and stable treatment operations became possible, rhough the aeration
rate was not 



particularly changed. [0192]Example 3              Example 3, the wastewater treatment method (a) of the
present invention was carried out from January to December,2009 in: the same manner as pie 2,
except for further adding treatment accelerators and nutrients. That is to say, a preferred en odiment of
the wastewater treatment method (3) of the present invention was carried out in Example 3. In this
period, sludge returning (second sludge returning step Wa in Fig. 4) from the second excess sludge
tank 13a, in aeration and stirringhad been performed, to the first excess sludge tank 12a was carried
cut in an amount of /week based on the amount of the sludge in the first excess sludge tank.
In Example 3, further, as treatment accelerators (flocculants) and nutrients, 450 g of Si02, 230 d of
Al203, 680 g of MgO, 17.6 g of peptone and 3.5 g of a dry yeast exract were added to each
sequencing batch reactor (first sequencing batch reactor 2a and second sequencing batch reactor 3a)
twice a week. Immediately aftr the addition, the treatment accelerators added were adsorbed by flocs.
In the flocs, the treatment accelerators were thickened to about 50 times.  SE-2327
[0194]Furthermore, 100 g of 3102, 55 g of A1703,160 g. of MgO, 17.6 g of peptone and 3.5 g of a dry
yeast extract were added to the ;ttank 12a tw.ice a week. [0795]The amou of influent raw wat.er, the
inflows and removal  ratios (yearly v age) of EGG and 33 are set forth in Table 12, and the amon s of
influent T-N and T-P and ftc removal ratios thereof are set forth in Table 13.  01total aerati.on time (per
year and per day) in the trea.tment tars is set forth in Table [0197]As indexes of. pollutant
decomposition property, the amount of discharged sludge, the sludge reduction ratio and the gross
yield coefficient of sludge are set forth in Table 15. [0193]The measured values for the numbers of
microorganisms  (numbers of genus Bacillus bacteria) in the first sequencing batch reactor 2a and the
first excess sludge tank 12a in Example 3 are set forth in Table 16. For the main puroose of
maintaining sedimentation        ty, tie MLSS concentrations in both the sequencing batch reactors were
controlled by increasing or decreasing the amount of sludge withdrawn, and as a result, the. MLF S
concentrations in both the sequencing batch reactors were maintained at 2,100 to 4,000 Lg/L (MLSS
concentrations in both the sequencing batch reactors in Compara Example 1: 1,250 to 2,150 mg/mL)   
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Ri. 0  ST-2327 78 [0205]As shown in Table 15, by performing the second sludge returning step Wa for
returning sludge from the second excess sludge tank 13a to ..he first excess- sludge tank 12a and
adding treatment accelerators and nutrients the sludge reduction rate was reduced by SO% as
compared with OompararHve Example 1, andremarkabiermorovement in the sludge reduction ratio
was observed [0206]As showninTabie 16, the numbersof-enusBacillusbacteria infirst seguencing
batreactor 2a and the first excess slu tank za were e. all the year round, and the effects of the sludge
returning, the treatment accelerators and the nutrients were clearly observed, and thus, enhancement
of wastewater quality and high sluoge reduction ratio were proved.  S-i1-2327 79 [0207] Die 16: umber
of genus Bacillus hactchu/mL) (the year 2009)    Date of meur First sequencing hatch reactor 2a 



First excess sludge 312a Jan.5 12.8 29.4 Jan.19 34.3 23.8 Fob.2 9.50 20.3 Feb.16 :0.3 15.8 Mar.2
6.00 25.3 Mar."6 5.75 



Apr.6 10.5 15.3 299 6.75 20.0 11 6.50 14.3 May25 11.5  Jun.8 6.00 18.3 Jun.22 5.00 



18.0 Jul.6 5.30 15.3 Jul.27 5.25 13.3 Aug.5 4.50 11.3 Aug.17 6.25 9.75 Set.7 3.25 9.75 Sep.21 4.75 



12.8 Oct.5 5.75 T3.3 Oct.19 6.30 17.8 Nov.2 4.75 19.0 Nov.16 5.25  Dec.7 5.25 13.3 Dec.25 3.50 



13.5  [0208]In the first excess sludge tank 12a, moreover, molds and yeasts having extremely high
starch decomposition property, fat and oil decomposition property and cellulose decomposition
property were found out. It is presumed that molds and yeasts, which had come flying naturally or had
been contained in the raw were originally, acquired high pollutant decompositionpropertyin the first
excess sludge tank 12a. [0209]The high pollutant decomposition property was analyzed addition to the
effect of the wastewater treatment of the present  SF-2327 80 invention having high eff bency, and as
a resuls, it was found that in the oonvenhonal method, inflow of filamentous bacreria with the
sedimentationproperty anb the sludge treatment efficiency was frequently lowered.  [0210]However, by
virtue of return of the fl et excess si g in the wastewater treatment: method of the present invention,
growth of filamentous bacteria in the sequencing:batch reactor was weakened, and from the middle
stage of the run, growth thereof came to be not observed. From the fi.rst excess sludge tank 12a, mold
identified as h,=n 1111gm turba'frum was isolated, which was :dennified by the 285 EDIT?. base
sequences and the gene tree. Penicilligm turbatum is known as an antibiotic-producing fungus, and
this inhibits growth of nf lue.     amentous bacteria.mold has strong starch decomposition property, fat
and oil decorrpos ition property and cellulose decomposition property, and contributes to pollutant
decomposition in cooperation with Strain 0, Strain F, and Strain F that are go s Bacillus acter2.a. This
mold hasbeen' internationally deposited as Penicillium turbatum Strain G. Isolation was carried out by
fishing of the mold that had appeared during bacterial analysis using the aforesaid method.
[0211]From the microscopic observation of sludge in the first 



excess sludge tank 12a, wth of yeast was confirmed, and isolation was cashed out. Three strains
identified as Geotr chum s51 cc7a (Galac:omyces ge trichum) Strain H, Pich a ennentans Strain I and
Pichla culiliermogidii Strain J by the homology of the 265 rDNA base  SF-2327 81 sequences and the
gene tree were confirmed These have been also internationally deposited.
[0212]Theseyeastsaischavestron erarchdecompostmonproperty, fat anddecomp
itionpropertyandcellulosedecombosi o )roperty, and contribute to pollutant decomposition in
cooperation with Strain D, Strain E and Strain F of the genus Bacillus bacteria.  [0213]That is to say,
the added seed bacteria disappeared except Strain cirabomt. July, 2007, and genus Bacillus bacteria
hayindhigher decomposition property begun to appear. From May to Caly, 2008, 3 strains
ofgenusBacillusbacteriahaving high decomposition property, i.e., Strain D, Strain E and Strain F that
are relative to Strain C, appeared. In addition to the genus Bacillus bacteria having high decomposition
property, molds and yeasts exhibiting pollutant decomposition property and cellulose decomposition
property appeared from January 2009, and contributed to pollutant decomposition. [0214]About sludge
returning          In Examples 1 to 3, sludge returning was carried out on the route of sludge
returning(Fig. 7) under the conditions of 5 inper sequencing batch reactor till 2005 (automatic
operation).  [0215]From January, 2007 to May, 2008 after the beginning of the expe ment, sludge
returning (i ) was carried out under the conditions of 5 to 15 n3/day per sequencing batch reactor
(automatic operation) and sludge returning (iii) was carried out under the conditions of 1 to 5 MVeach
inspection and twice a week (manual operation) When  SF-2327 82 



the amount of return sludge in the sludge returning (i)was 10 to 15 (maximum allowable amount in this
facility), improvement in the  treatmentjwasobserved. Intheslu returning (iii), theproper enount  was 3 to
5 id'hut= allowable amount in this facility)Sludge returning (ii) was intermittently carried out from aooul
January to June, 2007, but variation of the sluoqe concentration in the thickened sludge bet non tank
50 was lanto, and because - insufficient lift of the return rune, retunf.ng of sludge was difficult.
However, effect:veness of the sludge returning (ii) was con    SF- -2327 84 {0217]Regarding the
sludge returningan effect was exerted when sludge returning of not less than 10 Traida.y to each
sequencing batch reactor was carried out fom July, 2008 and a higher effect was exerted when sludge
ing of 15 mi/day (maximum allowable amount in this facility) was carried out. Especially when a growth
inhibitor flowed into the system, this sludge returning (i) came to stably contribute to recovery and
maintenance of decomposing bacteria in the sequencing batch reactor 70. [0218]When the si udce
concentration in thetsried sludge retention tank 50 was high,t. amp did not work because of insufficient
lift, and therefore, the sludge returning (ii) was discontinued after the short run in 2007.
[02'9]Regarding the sludge returningtable effect was 



exerted under the conditions of 5 mi/each inspection and twice a week, but because of restri n of tank
volume of the facility, the sludge retu n ng was carried out under the conditions of 3 to 5m3/each
inspection and twice a week (maximum allowable amount). [0220]About an amount of treatment
accelerator        From 2007 to 2008, trials were continued, and as a result, the amounts of treatment
accelerators added to each reactor from July, 2008 were determined. [0221]An aluminum compound,
a silicon compound and a magnesium compoundadded as shadge floccullants (inorganic compounds)
; peptone and a dry yeast extract-were added as nut(organic compounds) -  SIL- 027 85 and a
ninrogen source was added. 102221The amounts of the treatment accelerators and the nitrogen
source added to each of the scing batch reactors 70, the amounts thereof aicjded to tte sludge
retention tank 30 and the amounts thereof added to the thickened                             udge - .centeon tar
50 in. Fig. 7 are set forth in :ahle 11.8 Table 19 and Table 20, respectively. The amounts of the
aluminum compound, the silicon compound and the magnesium com d are each described in terms of
a weight of an oxide. The amount of the nitroen source is described in terms of N2. [0223]The
treatment accelerators added were adsorbed by flocs immediately after the addition. The flocs are
easily collected by centrifugal separation or filtration, and when the sludge h-  ing a MLSS
concentration of 5,000 mg/I1 has a moisture conlent of 75%, the volume occupied is about 20 m1.
That is to say, the treatment. accelerators added are thickened to not less than 50 times in the flocs.
When sewage (wastewater containing pollutants) is aerated, the pollutants are flocculated to form fine
suspended matters. These suspended matters are cal g "flocs".  



SP-2327 L0223]For the growth of pollutant-decomposing microorganisms, addition of the nitrogen
source into the sludge retention tank 30 was more effective than the addition thereof into the
sequencing batch reactor 70. The concentrations of peptone and the dry yeast extract ine sequencing
batch reactor were 0.055 mg/Is and 0.011 mg/L, respectively, and they were low. However, their
effects on the growth of pollutant-decomposing microorganisms were recognized.He thbught that since
peptone and the dry yeast extract are adsorbed by the flocs in the tank water, the concentrations of
them in the flops in which the microorganisms are crown become 50 times or more, and an effect is
exerted.  88  SF-2327 89 [02291Regarding the addition of treatment accelerators to the thickened
sludge retention tank 50, addition of nutrients and a nitrogen source is effective. By virtue- of the
addition decomposing strains (sense Bacillus bacteria, molds and yeasts) settled in the tank and
contributed to decomposition of sludge, and maintenance of the number of decomposing strains.
[0230]By virtue of the amounts of ne treatment accel.erators added from July, 2008 onward, stable
treatment became oossiole, and the decomposing bacteria were agrown,  so that reduction of sludge
produced ,;as continuously observed. Further, such addition was effective for the enhancement of
sludge sedimentation property and the decomposition of pollutants. From about May, 2009, the
pollutant-decomposing microorganisms were stably deand the 



number thereof was stable, as shown in Table 21. From about July, 2009, decomposition of sludge
and enhancement of treated water qu.a] ity were particularly observed. [0231]About change of
microorganisms having high pollutant decomposition property (pc utant-highly decomposing bacterial
floras)           The sewage treatment facility used in the examples was excellent in both of the removal
of 300 components and the removal o t-N and 2-P, It is thought that (a-1) geniis Bacillusbacteria, (a-2)
Rhcdococcus rubber, (a-3) Micrococcus luteus and (b) maids and yeasts mainly contribute to the
removal of BOO components; in addition to (a-1) genus  SF-2327 90 acteria,Al ca I ige s seal s, (a-)
genus Psracoccus bacteria and (a-6) genus Rhodobacter bacteria contribute to the removal of 57-N
components; and (a-7) genus Sph.ingobacteri um bacteria and (a-S) Rh obi um loti contrhute to the
removal of nts. [0232](a) Bacteria (a-I) Genus Bacillus bacteria         In Tab a 21, tt a nuMbetiii of
genus Bacillus bacteria detected are set forth by years. [02337In December, 2006, the lumber of
genus Bacillus bacteria in the sequencin batch reactor of the experimental facilitywas S. 5k1.05 cfu/ml
on the average. To this tank, 3 strains of Strain A, Strain B and Strain C (concentration = about 1:1:3)
were added as the seed bacterial flora 2 so that the total concentration in each sequencing batch
reactor might become 2.5x]06 cfu/mi. [0234]On the other hand, to the sludge retention tank 30, the
above 3 strains (concentration = about 1:1:3) were added so that th total concentration might become
2 k106 dt, while the number of genus Bacillus bacteria before the addition was 7k105 cfu/raL. 



[0235]After the addition of the seed bactei.i a, the total number of bacteria and the number of genus
Bacillus bacteria were measured ry week in 2007 and every two weeks from 2008 onward.
[0236]Strain A disappeared in April, 2007 (rapid decrease in the number of baoteri a because of
continuous inflow of growth inhibitory substances) . Strain B disappeared in about July, 2007 (rapid
decrease  SF-2327 01 in the nLnrEber of bacteria he..ause of continuous inflow of growth
inhihitorysuhstances) . After the addition, St rai C was detected until about May, 2007.
[0237]Thereafter, Strain 0 (E. subtil.having the sane base  sequence and length (fourd by the analysis
based on 165 rDNA) as those of Strain C and having higher decomposition property appeared from
about May, 2007 and occupied about 90% of the enus Bacillus  bacteria in about July, 2007 (Table
21). [0238]Thereafter, Strain E (3. subtilis) and Strain F (3. subtilis) having the same base sequence
and length (found in the 165 rDNA base sequence) as those of Strain C and haying much higher
decomposition property appeared from about October, 2007, and at this period, sludgedecomposition
conspicuously proceeded in the thickened sludge retention tank SO (from October, 2007 to January,
2008, MLSS in the ickened sludge retention tank 50 decreased to 9,500 to 15,500 mg/L (irrErediately
after thickening: 17,000 to 18,000 mg/L)) (Table 21). [0239]Comparison of pollutant decomposition
property resulted in Strain C < Strain D < Strain E < Strain F21).  [0240]In November, 2008, the
number of Strain D + Strain E Strain F occupied not less than 90% of the number of genus Bacillus
bacter , and the proportion of Strain D was 30 to 70%, the proportion of Strain E was 10 to 30%, and
the proportion of Strain F was 20 to  



SE-2327 92 10 to 30%, and Strain 2 occ J d 30 to 80% (Table 22, oses 3). {02411The method for
discriminating and identifying strains is described in "Notes 3". (0242]From the analysis of the 165
rDNA base sequences by Clustal X and the gene tree, Strain 0, Strain SandStrain IF are presumed to
be variants, which are derived from Strain C (seedbacteria) and produce enzymes with higher tivity
and show higher pollutant decomposition property. [02423]The pollutant decomposition property of
these genus Bacillusbacteria is thought to be based on starch decompositi o property, fat and oil
decomposition property and protein decompositior1 property, and when the. st.rain or the strain gag
has starch decomposition property and fat and oil decomposition property, a difference in the pollutant
decomposition property can be evaluated by cooked meat medium (muscle protein) decomposition
property. The suspended solid [551 removal ratios, said SS being contained in a cooked meat
medium, of Strain A to Strain F and the dilute of activated sludge liquid of the sewage treatment facility
are set forth in Table 22. [0244]Notes 1: When sewage treatment is carried out by a standard method
in a sewage treatment facility, genus Bacillus bacteria is existent at not more than 2x102 fu/mL,
usually at not more than 0.5x205 cit/mI, and the cooked meat decomposition property of the activated
sludge was low (Table 22). [0245]Notes 2: Strain A exhibits starch decomposition property,  SF-2 327
93 fat and oil decomposition property and casein decomposition property, and Strain 13 exhibits fat
and oil decomposition property and muscle protein (cooked meat medium)decomposition property.
Alt: 'ugh the strains do not exhibit night soil decomposition property separately, StrainA + StrainB
exhibits strong night soil decomposition property, and also exhibits greatly improved cooked meat
medium decomposition property (Table 24 . Strain C is a strain isolated froma night soil treatment
facilityof good treatment performance and exh.ih.i.ts stareh decomposition propetty, fat and oil
decompositionpropertyandmus aleproteindecompositio property(Tabie 24). [0247]Notes 3: In the
sewage treatment facility used in the examples, the number of B. huisingiensis haying appeaxed was
as small as not more than 0.25x105 In April, 2007, the number of B. LhuriBgiens_s became not more
than1x104cfuimt. P. thuringiensis can be easily identified by the colony morphology and the size of
bacterial cell (diameter of not less than 1 m). 



102481Notes 4: Identification of Strain 3 and Strain C (both: B. subtsPis) WEIS carried out by the
colony morphology, the cooked meat medium decompositionproperty and the 168 rDNA analysis.
Strain B has older o gin than a B. subtilis standard strain (ATCC 6051, AL:1276351) and can be easily
identified by the gene tree based on the 16S rDNA base sequences. When the alignment  of
StrainCwas carried out by Clustal X, the 276th base in the 16S rONA base sequence (number of
bases: 1,510  SF-2327 94      Fig. 8) was "R" (8A" or "3"; in Strain C, the 165 EDNA part was present
at plural. positions (copies) and about a half of their 276th bases ae ")'" and the residues are "C"), and
the base coxresPonding to it in the B. sub:till's standard strai.n was "A" (163 rDNA part was present at
plural adsftior . The base sequence of Strain C is longer than the 165 rJDNA base sequence of the B
subtilos standard strain by 9 bases ("GAGTITGAT") at the head (5' -end) of the sequence, and the
base sequence of the H. subtilis standard strain is longer than that of Strain C by. 16 Ls rt the end
(3'-en these gene analyses, Strain C can be easily identified. Strain ID, Strain S and Strain F were
identified by the same base sequence and length as those of Strain C, the morphology of cultured
colohy and a. difference in cooked meat medium decomposition property (Table 21). Strain C, Strain
D, Strain    and Strain F proved to be extremely relative to one another. [0249)Notes 5: Night soil is
hard to decompose, and the residence time in the night soil treatment facility is usually 15 days. It is
thought that progress of decomposition of night soil leads to reduction of had smells and reduction of
sludge. Therefore, soil-decomposing bacterial strains were used as seed bacteria.      SF-232 i 97
[02511As shown in Sable 21, seed bacteria.I flora 2 was added on December 4, 2006, but because
heat was applied in cul tivation of 



e seed bacteria, spores were difficul t t .ueninate.. In the sequencing hatch reactor 70 and the sludde
retention rank 30, most of spores germinated in the middle of February, and the number of cenus
BEC.I limo bacteria increased rapidly. The facit ity was f' n till the last third of February, 2007 without
performing discharge of sludge. [0252JIn he thickened siudre retention tank 50, MLSS increased from
May to August, 2007, and the MSS having been thickened: to about 17,500 mc_T/Ht underwent
decomposition from October, 2007 to January, 2008, whereby the MESS concentration was
decreased to 9,500 to 15,500 mg/L over the period of about 30 day (redaction of about 10,000 ppm/L)
. After Strain D, StrainI0, and Strain Shaving higher decomposition property appeared, prominent
sludge reduction was observed. f 02 531By the use of a centrifugal thickening machine 60, the sludge
in the sludge retention tank 30 was thickened to about 3 To 3.5 tines from January, 2007 Lo January,
2008, and thereafter, it was thickened to about 4.2 to 4,3 times . From July, 2009 onward, the MESS
concentration the thickened sludge retention tank 50 was about not more the times the MLSS
concentration in the sludge Latent_ o tank 30, and it was confirmed that decomposition of sludge had
occurred also in the thickened sludge retention tank 50. When the concentration of genus Bacillus
bacteria was compared, it was about 4.8 times, so that increase of genus Bacillus bacteria was
confirmed. In general  SF-2327 98  sewage treatment facilities, the number of genus Bacillus bacteria
is not proportional to the MISS concentration, arid the number thereof in a sl.udge retention tank
corresponding to the sludge retention tank 30 is about 1,1 to 1.2 times the number thereof in a
sequencing batch reactor. [02541Notes 6: Separation of activated sludge bacteria         In 1,000mI of
distill led water, 8 g of Nutr..ent Broth (manufactured by Oxcid, code: CM0001), 7 g of glucose, 4 g of
Pepton (manufactured by Oxo'd, code: 2P0049), 2 g of a dry yeast extract (manufactured by Bacto,
code: 212750) and 15 g or agar were dissolved, and the solution was sterilized at 12111, for 15
minutes. Into sterilized petri dishes each having a diameter of 9 cm, 20 mL portions of the solution
were pouses., to prepare flat culture media. [0255]After drying,  100-fold diluted liquid and a
10,000-fold diluted liquid of activated sludge were prepared, and 0.1 ITT. portions of each of then were
added to the flat culture media and spread out with a bacteria spreads [0256]Culturing was carried out
at 32C for 4 to 5 days, and the colonies were observed. [0257]Notes 7: Method for measuring removal
ratio of .3S in cooked meat medium 



In two test tubes each mgying a diameter of 18 mm, 250 to 330 mg of an Oxold cooked meat medium
(CM0081) and 250 to 350 mg of a Difco cooked meat medium (226730) were weighed, resnecfi 'y, and
6 raL of  SF-2 32 7 99 istilled water was added to each test tube, followed by sterilization at 121C for
15 minutes. Strains were inoculated in each test tube, and. shaking culture was carried out at 32C for
10 days.  1(021(81As 'pianos, test tubes in wo bacterial inoculal had been carried cut were lii kewise
subjected to shaking culture. [0259110 days after, suspended matters were collected by filtration using
a glass fiber filter i:'Advantec 0525 or Whatman CF/Pi having a diameter of 55 rim, andsuspended
matters were dried at 125C for 2.5 hours, followed by neasurinq the weight of the resulting dry
suspended solid. [02601ASS removal ratio was calculated from the following formula  (1) using a dry
weight (X) of a suspended solid [SS] obtained after bacterial inoculation and culturing in the coo: cd
meat medium and a dry weight) of SS obtained after culturing without performing bacterial inoculation
in the cooked meat medium; SS removal ratio((F-F)/y}xioo(i). [0261.]  SE-2 32.7 



100 Table 22: SS (in cooked meat medium) removal ati.o of strains and activated sludge of sewage
treatment facil  its Name ofstrain (accession number of deposit) SS removal ratio MC  Oxoid product
Fife product ,enus Bacillus bate ria B.thuringichsis (IN.12077) 11   B.cereus(acm 120777) 19 18 



B.aubtilis(110 13719T)  36  B.subtilisT_ 6 B.thuringiensisr 60 28  B.subtilisT +B.cereu-' 27 16 ff 2  ri ,I
U S-1 01 



IX) 1! () rn Strain A (FERN BP-11280) 24 40  Strain B(FERN BP-11281) 77 au  StrainStrain IS 72 83
iAB. sulitilis (1 Ft 13719T ) 79 



Strain C(FERN BP-11282) 76 62  Strain D(FERN BP-11283) 81. 60  Strain7(FE-BP-11284) 73 74
Strain F(FERNP-11285) 81 76  



Strain D + Strain E 4 Strain F 78 65 Molds Strain G(FERN BP-11289) 4 5 Yeasts Strain H(FERN
BP-11287) 9 1  Strain 1(FERN BP-11286) 0.5 <0.5  Strain 4t.(FERN BP-11288) 



1 <0.5 Genus Bacillus bacteria + mold Strain D + Strain G 83 62  Strain E + Strain G 81   Strain F +
Strain G 79 74 Genus Bacillus bacteria + yeastu Strain D + Strain H 



78 47  Strain E + Strain H 80 21  Strain F 4 Strain H 81 37  StraitD 4. Strain I 82 67  Strain -Strain I 77
62 



Strain F + Strain I 76 66  Strain D + Strain J 63 64  Strain E + Strain J 75 64  Strain F + Strain Ut 82 75
100-old diluted liquid of activated sludge of treatment facility before experiment,0.2 ml 



4T 28 100-fold diluted liquid of activated sludge of treatment facility in Dec.,2009,0.2 mIE 80 82
*Notes: In the case of a mixture of Strain D + Strain E + Strain F, SS removal ratios regarding Oxoid
product and Difco product are lower than the values of Strain E and Strain F, and the reason is
presumed to be that growth of Strain Dis active and its concentration becomes higher than that of
Strain E and Strain F. *Notes: The superscript "T" on the name of strain means that the strain is
standard strain (representative strain of the species).  SF-2327 101 [02627Strain A.and Strain B (D.
subti cannot decompose night soil separately, but when they coexist, they extiolt vgcrous
decomposition property (see Table 24 and non patent literatureStrains exhibiting a. SS removal ratio of
not less han 10% in the case of Oxoidd um and a SS removal ratio of not less 



than 60% in the case of Difco medium and having starch decomposition property and fat and oil
decomposition property were tdged to be poll tant-h inhly decomposing s a' s Strain A Strain B, Strain
.7i subtand Strain C satisfy these conditions, and Strain St ainS and Strain E can be judged to be
pollutant-highly decomposing s ai [0263]Regarding the ability to remove suspended solid [SS] in the
Oxoid mech.= and the Difeo medium the sewage treatment facility acilvated sludge (100-fold diluted
liquid) before the beginning of the experiment was compared with that (100-fold diluted liquid) after the
beginning of the experiment (October, 2009), and as a result, the SS removal. abi lit7 was greatly
enhanced after the beginning of the experiment (Table 22). [0264]In the cases of Strain. 0, + Strain H,
Strain E + Strain H, and Strain F + Strain H, the SS removal ratio was lowered, but it is thought that
sucna phenomenon did nor occur in the activated sludge. The reason is thought to be that in the Difeo
medium, growth of Strain H becomes active, but orowth of Strain D, Etrarn E and tran F' is inhibited
and the numbers or these strains are decreased (from  SE-2327 102 m.icroscopic obsern .
Presumably, it is not the reason that protease activity of Strain Dr, Strain E and Strain E is inhThited.
[0265]In 2015, reduction of sludge rpat: further proceeded. that is to say, Strain A -1- Strain B
disappeared and Strain C ande variation to strains having higher poilutant decomposition property,
such as Sr rain D, Strain E, Strain F, ERN-110 strain and IRN-111 strain. It is thought that the effects
of Strain A + Strain B are to decompose poliutants and to support growth and acclimationC while
Strain S is acclimated to sewage and pollut, and underg s variation to Strain D (Strain E, Strain FP,
IRN-110 strain, IRIN-111 strain, etc.) . It is thought that by uirtue of addd tion of Strain A + Strain B,
cessation of growth of Strain C was prevented, and there was no need to add Strain C repeatedly.
[0266]The following genus Bacillus bacteria have the same 165 rDNA as that of Strain C, and the SS
removal ratios regarding the cooked meat media (Oxold) and (Difco) are set forth in the following table.
[0267] 



Table 23: SS removal ratio of genus Bacillus bacteria isolated in 2009 and 2010 Date of isolation
Identification name 55 removal ratio(%)   Oxoid product Off co product cTh 0 CD Nov.8 TIN 4-1 65 38  



IRN 6-1 87 55  Apr.7 IRN-45 73 43 2010 CPI:.23 IEPN-110 73 70   _I_E2-111 75 



60   IRN-12 64 64  SE-2327 103 F0268)As can be seen from Table 2, the genus Bacillus bacteria
having been isolated by 2009 exhibited a high SS removal ratio in the case of the Oxpidmedium but
sometimes exhibited a low SS removal ratio in the case of the Ellice medium. However, the S5
removal. ratio in L.he case of the Difoo median increased in 2010, and a ratio of Oxoid. SS removal
ratio/Difoo SS removal ratio was lowered. in 2010, sludge reduction was further accelerated.
[0269]There ire described below the grounds for defining, as a microorsm group havinc nigh pollutant
deccinoosition property,  strains Qualitatively exhibiting starch decomposition property and fat and oil
decomposition property and having a SS removal ratio of not less than 70% in the case of an Oxoid
cooked meat medium thatis fibrous protein and a SS removal ratio of not less than 60% ir case of a
Difoo cooked IPmedium that is fibrous protein.  SF-2327 104 



(327/0] Cable 24: Starch decomposition property, fat and oil decomposition orop(e-ty, SS removal ratio
and night soil decomposition property or Stains A to C   Starch Decomposition property Fat and oil
DewompcsiLitn property SS removal ratio(B) Night soil Decomposition property    



Oxoid product Ditco product  Strain A. (FERN 3P-1128C) AA AA 24 40  Strain B (FERN 8h-11281)  AA
77  



Strain A + Strain B   72  AA Strain C (ERm EP-11282)   76 62 AA  [02711In a common opinion,
activated sludge bacteria are regarded 



as main consti tuents of sewage sludge, but actually, undecomposed pollutants contained in sewage
are thought to he main consti- of sewage sludge It is thought that since most of sewage pollutant are
derived from organisms, they are constituted of starch, fat and oil, and protein, and night soil occupies
not less than a half of the undecomposed pollutants. Therefore, night soil-decomposing strains were
noted. Regarding Strainrain B, Strain A + Strain B, and Strain C having been isolated from the nicht
soil treatment facility, starch decomposition property, fat and oil decompos.tihn property, and S5
removal ratios incase of cooked meat edia were measu As a result, it was confirmed that Strain A1
Strain B, and Strain         cinight soil-decomposition property exhibited starch decomposition property
and fat and oil decomposition property, and  SE-2327 105 had a SS removal ratio of rot less than 70%
in the case of Oxoid medium and a SS removal ratio of not less than 60% in the case of Difeo medium
(Tables 22 an,)Bact .sr_ al strains or bacterial floras having these  biochemical properties were defined
asso of high p Iutant decomposition property. Strain A and Strain B did not exhibit rno T soil
decomposition property separateLy. The high pollutant d:ocomposition property is composed of a
single strain or a sinole bacterial flora in which bacteria, yeast.s and :nolds each may he composed of
a single krnd or two or more winds. 10272) -2) Rhodococcus rubber Rhodoccrcus rubber is known to
have various synthetic 



und tilizing properties, such as polyhydroxyalkanoic acid decomposition property, vegetable oil
decomposition proper decomposition property to various cyclic hydrocarbons (e.g., cyclododecane),
nigher hydrocarbon ether compound decomposition property, methyl.-t-hutyl ether decor-position
property, and secondary       sulfuric a d decomposition property. Rhodococcus rubber is thought to
contribute to removal of detergent, fat and oil, and other p lymeric compounds. In July, 2009, P
odococcus rubber bacteria of 4x105 to 8x1Os cfudzil, were observed in the sequencing batch reactor.
70, those of 7x105 to l4x105 cfu/mt were observed in the sludge retention tank 30, andtheywere
detected throughout the year. Rhociococcus rubber can be easily identified by the specific morphology
of the colony  (the  SP-2327 1.06 colony exhibits four kinds of morphologies). Rhodococcu. s rubber
as confirmed. by 165 rDNA, [0273] (a-3) Microcougus leteus       Micrococcus luteus exhibits higher
fatty acid-ut-ilizingproperty, esterase production property, 016 hydrocarbon-utilizing property, etc., and
is thobe t to contribute to romoval of poiyeri.c compounds such as detergent Micrococcus 7.uteus can
be easily identi fled by the colony morphology and the microscopic ohsorva:icn of the bacterial cell.
July, 2009, Micrococcus luteus bacteria of not more than 1x105 cfu/mi were detected in the
sequencing batch reactor 70, and those of ly1.0 to 4%105 cfu/mL were detected in the slildbe retention
tank 30. [0274] -4) Alealigenes faec-1 4 Caes faecal/5 exhibits iltrate ion-utilizing property and nitrogen
removing property. With removal of nitrogen, BOD components are consumed. Alcaligenes fbecalis
forms a light-colored transparent colony of specific morphology and can be easily identified. In July,
2009, Alcaligenes faecalis occupied about 25% of the total number of baote.ria in the sequencing
batch reactor 70, and occupied about gn% of t"e total number of bacteria in the sludge retention tank
30. [0275] Notes B: It has been commonly considered until ten years ago  SS'-2327 107 



(or also at present) that removal of nitrogen does not occur under the aerobic conditions, However,
studies of .41calighes faecalis and Pare coccus abflitrificans have proceeded, and at oresent, removal.
of  pnber the aerobic conditions has been recognized. [0276] (a-3) Genus Paraooccus bacteria
Species of these three strains have been unidentified_ Any of them exhibits nitrogen removing
property, and when removal of nitrogen ia performed, SOD components areutilized. Genus
Paracoccus bacteria formlight or darkpink transparent colonies and canbe easily identified. In July,
2009, genus P3 ra coccus bacteria of 2 x105 to 6 x 105 cfu/rri, appea red in the sequencing batch
reactor 0, and those of 4x105 to 12x105 ofu/mL appeared in the sludge retention tank 30. [0277] (a-6)
Genus Rhodohacter bacteria         GenusRhodobacterbacterlaexhibit ni.trateionreductiornroperty and
nitrogen removing property, and they metabolize phosphoric acid. Genus Rhodchaoter bacteria form
specific colonies and can be easily identified. In July, 2009, genus Rhodobacte bacteria of2x105to
6x105 cfu/ml, were detected in the sequencing hatch reactor 70, and those of 2C0 to 8x105 cfd/Mai
were detected in the sludge retention tank 30. [0278] (a-7) Genus s-h4ngobacter bacteria  SF-2327
108         Genus Sphingobactiar bacrerra exhibit nitrogen removing property and phospholiold
(Sphingolipid) accumulation property. Genus .51ch ingoba ter bacteria form yellow coloni.esand can
be easily identified.. They are thought to contribute removal of phosphoric acid. In1Yr 2009, Genus
Sohingobacter bacteria of <Ix105 cfu/mt appeared in the seauencing batch reactor 70, and those of
1x105 to 4x105 efia/mh appeared in the sludge rtennion tank 30. It is sometimes difficult to distinguish
them from (a-8) Rhizobium loth_ [0279 (a-B) Rhizobium loti 



It is thought that Rhizobium Intl relates to metabolism of phosphoric acid and contributes to removal of
phosphoric acid. Rhizohi ubacteria of <1 x105 cfu/mL were observed in the seguenci - batch reactor
70, and those of 1x1.05 to 4x10" cfu/m1 were absented in the sludge retention tank 30. Tt is
sometimes difficult to distinguish them from) Sphingobachterium sp. Le2e03(b) Molds and yeasts (b-1)
Mold (Strain 0)         From about May, 2009, Strain 0 (Penicillium urba turn) came to be detected in the
sludge retention tank 30 during the measurement of the number of bacteria, and in September, 2009,
Strain G of 5x105 cfu/mli were detected in the sludge retention tank 30, and those of 2.5x101' ctu/mi,
were detected in the sequencing batch reactor 70. A series of the strains having been isolatedwere
identified as Penicilli  SF-2J' 109 turbatum by the simiiari.ty of 285 rDNA base sequences and the gen
cc. Peniciin turbutum exhibits strong starch decomposition property, fat and oil composition property
and cellulose decomposition ropertv. Penicillium turbatuili is known to produce antibiotics. the sewage
treatment facility, growth of influent tilam ntcus bacteria was weakened in the sequencing batch
reactor from about January, 2009, and from May, 2009 onw rd, they could not grow (a large number of
filamentous bacteria undergoing decomposition were observed). [0281] (b-2) Yeasts         From about
August, 2008, existence of yeasts was confirmed by microscopic observation of sludge in the sludge
retention tank 30. Isolation from the sludge retention tank 30 was attempted in March, 2009 and U.inc
2009. That is, Strain I (Pichia fermentans) and Strain Jguilliermondid were added in March to perform
isolation, and Strain H (Galactomyces geotrichi2m/Geotrichum silvi cola, relationship between
sexuality andasexuality) was added in June 2009, to perform, isolation. 



[0252]Each of Strain H, Strain I and Strain J exhibited strong starch decomposition property, fat, and
oil decomposition property and cellulose decomposition property. In June, 2009, the total number of
strainsCD Strai n H, Strain and Strain J was lx103 cfu/mL in the sludge etention tank 30, and Strain H
occupied about 20%, Strain I occupied  110 the similarity of 265 rONA base sequences and the gere
tree 102837Notes 9: Isolation of yeasts        In 1,000 mh of distilled water, 5 g of potato starch, 5 g of
soluble starch, 5 g of glucose, 5 g of Nutrient Broth (manufactured by Oxold, code: CM0001) , 4 g of
Peptone P manufactured by Oxold, code: 1P0049), 2 o a dry yeast extract (manufactured by Eacto,
code: 212750) and 16 a of agar were suspended. The suspension was adjusted to pH 3.8 by the use
of citric acid and then sterilized at 115C for , minutes to prepare a flat medium as an isolation medium
for easts.  [0284;Onto the medium, 0.1 mL of tank water of the sludge retention tank 30 was spread
out, then from a col. o - grown by culturing for 6 days, fishing was performed, followed by culturing.
The strains obtained by :(Thng were subjected to purificacion 3 times by a dilution method to obtain
pure strains. The medium used for culturing strains obtained by fishing was a Nutrient Broth-glucose
medium described in Notes 6. [0285]Notes 10: Preparation process for seed bacteria used in e
examples and addition of them         In 1,000 mil, of distilled water, 15 g of Nutrient Broth
(manufactured by Oxoid, code: CM-4), 10 g of glucose, 2 g of a dry yeast extract and 15 g of agar
were dissolved, and the solution was sterilized at 121C for 15 minutes and introduced (about 1 liter of
solution is necessary) into a stainless steel vat (with lid, about 23 cm x 32 cm) having been previously
sterilized, whereby 5 flat culture media were  SEB2327 111 prepared. [02861Strain A, Strain B and
Strain C were cultured in advance in test tubesstrain: 6 mi., 2 3 test tube-)Strain A was scattered in the
first vat, Strain B was scattered in the second --t and Strain C was scattered in the third to the fifth
vats, followed by culturing at 30C for 10 days. Each of the resuitins cultures was scraped out and
suspended in 2 liter- of distilled water. 



[0287jThe suspension was diluted in a dilution of x104 times, a di lot 0 of lx10' Limes and a dilution of8
times, and OD was measured at 600 rm. From the literature, Oh proved to be 0.3, and it was taken as
about lxiOcells/mL. The liquid concentrate was diluted x102 ce to 21i /71, and 500 ml, portions of the
dilute liquid were added to each sequencing batch reactor (concentration of seed babn.=t. . about
2.52106 cfuAmE). 102881On the other hand, 1 lite of a liquid havl nq a seed bacteria concentration of
8xcells/ML was prepared and added to the sludge retention tank 30 (spawn concentration: about
2x106 cells/mA). The seedbacteria thus prepared generated Feat of about 40C during culturing . The
culture having sporulaed did net rabidly return to nutrient cells though it was culture at 32C in a
nutrient medium. About 25 days after the addition of seed bacteria, spores of them begun 70
germinate. Before the addition of seed bacteria, the numbers of genus Bacillus bacteria in the
sequencing batch reactors were 5x105 cfu/mL and 6x10s cfu/nd, and the number thereof in the sludge
retention tank 30 was  SF-2327 112  7x105 cIu/m.L. Tue SS removal. ratio in the case of Okoid
cooked meat medium was 41%, and the SS removal ratio in the case of Difoo cooked meat medium
as 28%. After the addition of the seed bacteria, the c removal ratio in the case of 'd rooked meat
medium was 80%, and the SS removal ratio in the case of Difco cooked meat medium was 82%
(Table 22). Thus, the pollutant decomposition property was greatly enhanced (Tables 2, 5, 7, 10, 12
and Dr)). (see Quiagen Genomic DNA Handbook (2001), op 38-39)         Notes 11: A starch
decomposition property test and a fat and oil decomposition property test were carried out in
accordance with Toshikazu Sakazaki, Etsuro Moshizaki, Kanji Miki, "Shin Saikin Baichigaku kozs Ce-1
(New Studies on Bacterial Medium Lecture Volume Two-1)", Kindai Shupman Co., Ltd. These
decomposition property tests are briefly described below together- with a cellulose decomposition test.
[0289]Starch decomposition property test Test strains were inoculatedan agar flat medium containing
soluble starch and cultured at 32C. In a colony formed after 2 to 1 days, several droplets of an
iodine-potassium iodide solution (Gram staining our s solution) were dropped. A case where
iodine-starch reaction had disappeared on the periphery of the colony was judged to e starch
decomposition property" (indicated by "AA" in Table 24) .  SF-2327 



113 0 y(-1Thtrient Broth (manufactured by 0 pig, code CM-1.) , 4 g of Peptone-P (manufactured by
Oxoid, code: 000049), 2 g of glucose, soluble starch,of a dry yeas: extract (manufactured by Bacto,
code: 2127d 15 g of agar in 1,000 ME. of distil.led water,      ilizing the solution at 121C for 15 minutes,
ncuring 20 TaL po t ons of the solution into sterilized petri dishes and cooling them. [02911The Gram
sta nins. Lugoulf s soli; on was prepared by dissolving 0.2 g of iodine and 0.4 qor p'otassium fodide
stiP led water, and the resulting solution was stored in a brown bottle. [0292]Fat and oil decomposition
property test         Test strains were inoculated in an agar flat medium for a fat and oil decomposition
property test and cultured at 32C for 2 to 10 days. A case where crystals (organic acid calcium salt)
had been formed on the periphery of the colony was judged to "have fat and oil decomposition
property" (indicated by "AA" in Table 24) .  [02931The agar f 'at medium for a fat and oil decomposition
property test was prepared by preparing the following liquids a to c, steriliz them, then ranihly mixing
the liquids a to c85C, pouring 20 rhO portions of the mixture into oetri dishes having been sterilized
advance at 121C for 15 minutes and cooling them. [0294]Liquid a: in 1,000 niL2 of distilled water, 8 , of
Nutrient Broth (manufacturedby0xold, code: CM-1) , 7 g of glucose, 4 g of Peptone-P (manufactured
by Oxoid, code: LP0049) , 2 o of a dry yeast extract (manufactured by Bacto, code: 212750) and 15 g
of agar were dissolved,  SF-2327 



7-14 and the solution was sterilized at 12I'C for 15 minutes. [0295]Liquidb:10mlofa calcidmcnio
desolisionwasprepared, and the solution was 0ed at 121C for 15 minutes. 10296jLiquid c: 10 ME of
Tween 20 (or 60 orwas sterilized at 121C for 15 minutes. [0297]Cellulose decomposition property test
Test strains were inoculated in an agar medium containing a cellulose powder and cultured at 32C for
2 to 10 days. A case where    nsansoarent band had been formed on the periphery of the colony was
judged to "have cellulose decomposition property" (indicated by "AA" in Table 24). [0298]The agar flat
medium containing a cellulose ;powder was prepared by dissoof Nutrient Broth (manufactured by
Oxoid, code: CM-1), 7 g of glucose, 4 g of Pentohe-P (rrimufactured by Oxoid, code: L20049), 2 g of a
dry yeast extract (manufactured by Bacto, code: 212750), 1 g of a cellulose powder and 16 g of agar in
1,000 nU of distilled water, sterilizing the solution at 1.21C for 15 minutes, then pouring 20 IC, portions
of the solution into sterilizecipetri dishes and cooling them. Industrial Applicability [0299]The
efficiency-increasing me hod described herein is applicable not only to sewage treatment but also to
livestock wastewater treatment, night soil treatment and other food industrial wastewater  SF-2327 



115 treatments, and is applicable to increase in efficiency of treatments in various fields. Reference
Signs la: raw water 2a: first treatment tank or firsh sequencing batch reactor second treatment tank or
second sequencihnj batch reactor 4a: third treatment tank 5a: OD tank 6a: sedimentation tank 7a:
effluent (in Figs. 1 to ea: first excess sludge tank or sludge retention tank 9a:
secondexcesssludgetankorthickenedsindge retentionttank 1.0a: sludge thio'ent k (in Figs. 1 to )
lla: sludge retention tank or thickened sludge retention tank (in Figs. 1 to 3)         12a: first excess
sludge tank or sludge retention tank equipped with aerator and stirrer        19a: second excess sludge
tank or thickened sludge reten ' on tank equipped with aerator and stirrer 14a: discharge sludgen Figs.
I to 3) 15a: excess sludge or withdrawn sludge 



Xa: sludge withdrawing step  SE-2327 1. 0 Fa: sludge returning step         Se: sludge thickening step
(performed by sludge thickening tank, slu.dge thickening machine or the like) Vai first sludge returning
step Na: second sludge returning step 1: sewage or wastewater 2: seed bacterial flora stirrer 10:
aeration tank 11: stirred liquid 12, 13, 14: treatment tank 20: sludge sedimentation tank 21:
supernatant Liquid 22: precoitated sludge (excess sludge) 23: effluent (in FIgs. 5 to 7) sludge retention
tank (i. Figs. 5 to 7) 



31: stirred and retained sludge 40: sludge thickening tank (mm Fins 5 to 7) 41: thickened sludge 50:
thickened sludge retention tank 51: stirred, thickened and retained sludge 52: discharge sludge in
Figs. 5 to 7) 60: centrifugal thickening machine 61: thickened sludge  SF-2327  70: sequencing batch
reacts  SF- 118 CLAIMS         1. A wastewater treatment method comprising, in an activated sludge
treatment 0r raw water 



performing a first sludge returning step Va.: a step of returning sludge, whi oh was previously aerated
and stirred in a first excess sludge tank or sludge retention tank 12a equipped with an aerator and a ,
to a treatment a a sequencing batch reactor or an anaerobic tank, and/or a step of returning sludge,
was previously aerated and stirred in a second excess sludge tank or thickened sludge retention tank
13a equipped with an aerator and a stirrer, to a treatment tank, a sequencing batch reactor or an
anaerobic tank, and         maintaining the number of genus Ba ci 11 us bact e ia in the treatment tank,
the sequencing batch reactor or the anaerobic tank, to which the sludge has been returned, at 2.0x105
to 22.5x105 cfu/raL.         2. The wastewater treatment method as claimed in claim 1, further
comprising performing a second sludge returning step Na: a. step of returning sludge, which was
previously aerated and stirred in the second excess sludge tank or thickened sludge retention tank
equipped with an aerator and a stirrer, to the first excess sludge tank or sludge retention tank 12a
equipped with an aerator and a stirrer.  SF-2321 119         3. The wastewater treatment method as
claimed in claim 1 or 2, further comprising adding a treatment accelerator to one or more tanks
selected iron: a first treatank or first sequencing batch reactor ?a, a second treatment tank or second
sequencing batch reactor 3a, a third treatment tank 4a, an OD tank 3a a first excess sTh 3ge tank or
sludge retention tank Ea, a second excess sludge tank or thickened sludge retention tank a sludge
thickening tank 10a, 



a sludge retention tank or thickened sludge retention tank 11a, the first excess sludge tank or sludge
retention tank 12a equipped with an aerator and a stirrer, and         the second excess sludge tank or
thickened sludge retention tank 13a equipped with an aerator and a stirrer.         4. The wastewater
treatment method as claimed in claim 3, wherein the treatment accelerator is one or more substances
selected fro the group consisting or a silicon compound, a magnesium compound, an aluminum
compound, peptone and a dry yeast extract.         5. The wastewater treatment method as claimed in
any one of claims 1 to 4, comprising adding a nitrogen source to one or more tan  SF-2327 120
selected from: a first excess sludg- rank or sludge retention tank Ba, a second excess sludge tank or
thickened sludge retention tank a sludge thickening tank 10a,     a sludge retention tank or thickened
sludge retention tank 11a, the first excess sludge tank or sludge retention tank 12a equipped with an
aerator and a stirrer, and         the second excess sludge tank or thicKened sludge retention tank 13a
....quipped with an aerator and a stirrer.          6. The wastewater treatment method as claimed in claim
wherein the nitrogen source is one or more substances selected from urea, ammonium sulfate,
ammonium chloride and ammonium nitrate.          7. A waste ter treatment method comprising, in a
wastewater treatment using an act ivated sludge process, including at least the following 5 steps:
a step (l) : aeration step wherein sewage or wastewater 1 having a bioohenical xygen demand [BUD]
of nor less than 80 mg/I, is allowed to flow into an aeration tank 10 equipped with an aeration device
and 



stirring device, to which seed bacterial flora 2 have been added, and the sewage or the wastewater is
aerated and stirred to obtain a stirred liquid 11,  SF-2327 121        a step (2): separation step wherein
the st red liquid 11 edt aine.d in the step (1) is allowed to flow ii-to a sludge sedimentation tank 20 and
allowed to stand still to separate the 11 quid: into a supernatant liquid 21 and precipitated  sludge 22,
and then the supernatant lidul 21 is discharged out of the system as an effluent 23,         a step 3/.
etention and returningstepw rein the precipitated sludge 22 obtained in the step (2) is withdrawn and
retained in a sludge retention tank 30, and a part of e sludge is returned to v e aeration tank 10,
step (4):thickening step wherein the retained sludge obtained in the step (3) is thickened by a sludge
thickening tank 40 and/or a centrifugal thickening machine 60, and a step (5): retention and discharge
step wherein the thickened    udge obtained in e step 4 is retained inathickenedsludgeretention tank
50, and a part of the sludge is discharged out of the system,         installing at least an aeration device
selected from an aeration device and a stirring device in the sludge retention tank 30 and/or the
thickened sludge retention tank 50, to arrange a retention tank 30 equipped with the device and/or a
thickened sludge retention tank 50 equipped with the device, and performing the following sludge ret
ning (I) and/or (II):               sludge returning (I): withdrawing stirred and retained sludge 31 obtained by
aeration or aeration and stirrinc in the sludge retention tank 30 equipped with a device and returning
the sludge to  SF-2327 122 he aeration, tan_ 10, and/or 



sludge returning (II): wiLharawingst r-d, thickened and retained. sludge 51 obtained by aeration or
aeration and stirring. in the ckened sludoe retention tank OD equipped with a dcvi cc and
returningsludge to the aerationtanklOand/o. .he sludge retention tank 30 equipped with a device,
adding a sludge floccuiant and a. nutrient to one or more tanks of the aeration tank 10, the sludge
retention tank 30 equapped with the device and the ned sludge retention tank 50 equipped with the
device, and         maintaining the number of genus Bacillus bacteria in the tank, to which the sludge
flood ant and the nutrient have been added, at 2. 0x10 to 111x10 ofu/mr,. 8.The wastewater treatment
method as claimed in claim 7, wherein the aeration tank 10 is composed of two or more tanks
connected in series,         in a first treatment tank 12, an anaerobic treatment to perform only stirring
without aeration is conducted, and        to a second treatment tank 13 and its subsequent treatment
tanks, the seed bacterial flora 2 are added, and aeration and stirring are perfo .ed.  SF-2327 123
wherein by tenporri1y stopping the runcof aeration and stirring n. thetion tank 10, the aeration tank 10
is used also as the sludge sedimentation tank 20. 10.The wastewater treatment method as claimed in
any one of claims I to 9, wherein boildtant-highly decomposicterial floras having starch decomposit on
property and fat and oil decomposition property and showing a suspended solid [SSj removal ratio,
said S being contained in a cooked meat medium (Oxoid) having the following composition, of of less
than 70% and a suspended solid [SS] removal ratio, said SS being cant ned in a cooked meat medium
(Difco) having the following composition, of not less than 60% are derived from the seed bacterial
floras 2; 



composition of ccbked meat medium (Oxoid) (per liter): heart muscle (dry)73.0 g, peptone10.0 g, Lab
Lemco powder10.0 g, sodium chloride5 0 g, and glucose2.0 gr and composition of cooked meat
medium (Dile()) (per liter bovine heart muscle (dry)93.0 g, protease peptone20.0 g, glucose2.0 g, and
sodium chloride5.0 g.  SF-2327 124               The wastewater treatr:method as claimed in claim 10,
wherein the poll ant-highly deccmrosing bacterial floras have a SS removal ratio of, said. SS beiric
contained in the cooked meat medium (Oxoi ' not less than 80%. 12.The was: ewater tree .int method
as claimed in any one of claims 7 to 11, INthe seed: bacterial. flares 2 ar Strain A (Bacillus Lfuri. icrsis;
FERN BP-11280), 



Strain B (Bacillus subtilis; PERM 22-11281), and Strain C (Bacillus subtilis; FERM BP-11282).
The wastewafe treatment method as claimed in claim 12, wherei.n the pollutant-highly decomposing
bacterial floras contain at least one kind of genus Bacillus bacteria selected from the group consisting
of: Strain D (Bacillus subtilis; FERN BP-11283), Strain F (Bacillus qubtilis; FERN 32-11284), and
Strain F (Bacillus subti.lis; FERN BP-11285); or contain at least one kind of the genus Bacillus bacteria
and a mold of 57-'-tur turn; FERMI 22-11289) and/or at least One kind of yeasts selected from the
group consisting of: Strain H (Geotrichum silvicola; FERN 22-11287),  SF-2327 125 Strain I
(Richferme-tans; FERMI BP-1,286), and Strain J (Pichia guiPliermoncFERI BP-11288) 14.The
wastewater treatment method as clainud in any one of claims 7 to 13, wherein the sludge flocculant
contains an alum' - ' 



compound, and a silicon compound and/or a magnesium compound, and         based on 1 g/1 of a
mixed liquor suspended solid ' TiSS] in the tank to which the sludge flocculant is added,         the
aluminum compound in terms of aluminum oxide [Al203] ip added in an amount of 0.01 to 0.5 g;
the silicon compound in terms ci silicon dioxide [Si02] is added in an amount of 0.01 to 2 g; and
the magnesium compound in terms of magnesium oxide [MgO]is added in an amount of 0.07.to 0.5 g,
with the proviso than each amount is an amount per cubic meter [m-j of each tank and per day
The wastewater treatment method as claimed in any one of claims 7 to 14, wherein the nutrient is
peptone and/or a dry yeast extract, and based on 1SS in the aeration tank 10 to which the nutrient is
added, peptone is added in an amount of 0.8 to 70 mg, and the dry yeast extract is added in an
amount of 0.1 to 10 mg; based on 1 9/1 of MISS in the sludge retention tank 30 equipped  SF-2327
with the device to which the nutrient is added, peptone is added in an amount of 3.5 to 250 mg, and
the dry yeast extract is added in an amount of 0.7 to 45 rug; and         based on 1 gill of MLSS in the
thioened sludge retention tank. 50 equipped with the device to which the nutrient is added, peptone is
added in an amount of 2.0 to 1.50 mg, and the dry yeast extract is added in an amount of 0.4 to 25
mg, wfrh the proviso that each amount: is an amount per cubic meter [M3] of each tank and per day.
16.The wastewater treatment method as claimed in any one of  claims 7 to 15, wherein together with
the sludge loccalant and the nutrient, one or more ni t rogem sources selected ft-or tne group
consisting of urea, ammoniumfate, ammon rn chloride and ammonium nitrate are added to the sludge
retention tank 30 equipped with the device and/or the thickened sludge retention tank 50 equipped witt
the device, and the nitrogen source in terms of N2 is added         in an amount of 0.2 to 15 g based on
1 g/1 of MLSS in the sludge retention tank 30 equipped with the device; and 



in an amount of 1 to 150 mg based on 1 g/l of MISS in the h ckened sludge retention tank 50 equipped
with the device, with the proviso that each amount is an amount per cubic meter of each tank and Per
day.  R 127 A wastewater treatmentm comprising, in a wastewater the activated sludge process as
describedone        installing at least an aeration device selected from an aeration device and a stirring
device in the sludge retention tank 30 and/or the thickened sludge retention tank 50 to arrange a
retention tank 30 equipped with the device and/or a thickened sludge retention tank 50 equipped with
the device, rforming the sludge returning (I) and/or the s udge returning         adding a sludge
flocculant and a nutrient to one or more tanks of the aeration tank 10, the sludge retention tank 30
equipped with the device and the thickened sludge ion tank 50 equipped with the device, and
maintaining the =riper of genus Bacillus bacteri a in the tank, to which the sludge flocculan and the
nutrient have been added, at 2.0x105 to 111x105               The wastewater treatment system as
claimed in claim 17, wherein the aeration tank 10 is composed of two or more tanks connected in
series,        in a first treatment tank 12, an anaerobic treatment to perform only stirring without
performing aeration is conducted, and to a second treatment tank 13 and its subsequent treatment
tanks,  SF-2327 128  the seed bacterial flora 2 are added, and aeration and stirring are per formed. 



19. The wastewater treatment system as oiai.med in claim wherein by tempor fly stopping the
functions of aeration arid stirring of the aeration tank 10, the aerata on tank 10 is used also as the
sludge sedimentation tank 20u         20. The wastewater treatment system as claa one if claims 17 to
19, wherein the sludge flocculant comprises an aluminum compound, and a silicon compound and/or a
magnesium compound, and         based on 1 g/1 of a mixed ii auor suspended. so-1d. MSS] in the
tank to which the sludge flocculant ia added,       the a1 inum compound in terms of aluminum, oxide
[Al2031 is added in an amount of 0.01 to 0.5 g;        the silicon compound in terms of silicon dioxide
[Si021 is added in an amount of 0.01 to 2 g; and         the magnesi urn compound in terms of
magnesium oxide [Mg01 is added in an amount of 0.01 to 0.5 g, with the proviso that each amount is
an amount per cubic meter [m.-1 of the tank and per day.         21. The wastewater treatment system
as claimed in any one of  232' 129 extract, and        based on 1 g/l of1,112SS inth -ratio. tank 10
towhichthenutrient is added, peptone is added in an amount of 0.8 to 70 mg, and. the dry yeast extract
is added in an amour- of 0.1 to 10 mg;         based. on I g/1 or ',MSS an the sludge retention tank 30
equipped with the device to which the nutrient is added, peptone is added in an amount of 3.3 to 250
mg, and the dry yeast extract is added in an amount of 0.7 to 45 mo; and         based on 1 g/1 of MISS
in the thickened sludge retention tank 50 equipped with the device to which the nutrient is added,
peptone os d in an amount of 2.0 to 150 mg, and the dry yeast extract is added in an amount of 0.4 to
25 mg, with the proviso that eacunt is an amount per cubic meter [m3] of each tank and per day. 



The wastewatert system as claimed in any one of claims 17 to 21, wherein together with the sludge
flocculant and the nutrient, one ormore nitrogen sources selected fromthe group consisting of urea,
ammonium sulfate, ammonium chloride and ammonium nitrate are added to the sludge retention tank
-id equinped with the device and/or the thickened sludge reLentlon tank SO equipped with the device,
and the nitrogen source in terns of N2 is added.         in an amount of 0.1 to 15 g based on 1. g/1 of
MISS in. the sludge retention. tank 30 equipped with the device; and  SF-2327 1:30 in an amount of 1
to 15sod onviiSS in the thickened sludge retention ta.P16 50 equipped with the devi ce, with the
proviso that each amount is an amount per cubic meter- fm of each ank and per day. 23.A method for
measurinc. pollutant ecomoosition activity of activated sludge microorganisms, comprising calculating
a 55 removal ratio fro the following formula ( using a thy weight 1,(X) of a suspended solid t obtained
after hactetha.7 inooulatlon and culturi.ng in the cooked meat medium and a dry weight (i) of SS
obtained after culturing without performing bacterial inoculation in the cooked meat medium; SO
removal ratio (76)(Y--x) /y}xne Thereby measuring Pollutant decomposition performance of activated
sludge microorganisms contained in the seedbacter ai flora as described: in any one of ciains 7 to 22
or in the poliutanllhiohly decomposing bacterial floras as described in any one of claims 10 to 16. 












