2327 DESGRIRTHKON 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 decorgggéiRcltiEy' Eco%f activated, sludge ml organisms.
Background Art [C0021Wastewater, such as sewage (e.g., sewage and domestic wastewater

laboratory west,industrial wastewater &ivﬁﬁt%ﬁﬁé e r.and treatmenf water, is treated
mainly by three methods. [0003]T atEfs to s%iy, t ﬁe%@gﬁ 'net ods ar% roadlydivided into three

types, namely, a coniuays gealmelinethad 4 seguencing baton seadar agiment method and an

OD treatment method Such a continuous treafmethod called a™s own 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,ae&@'&rﬁggﬂeﬁou . dA‘ treatment method called a sequencing SF-2327 2 batch reactor

el ; , ; .
treatment method is shown In Fig. 2. In an OD treatment method (Fig. 3 a large oval watercourse is

bU I Itwate r{ %%I{qwed to ﬂ%\ﬁlethpeggg]é I%]q_ gﬁefgaﬁthoanl’alnIgesfgg gg %rg Ianl’gefg %tg%%rélr?g wastewater

treatment method. More particularly, the present invention relates
to a wastewater treatment method using an activated sludge process,
a wastewater treatment system and a method for measuring pollutant

decomposition activity of activated sludge microorganisms.

Background Art

[0002] Wastewater, such as sewage (e.g., sewage and domestic
wastewater), laboratory wastewater, industrial wastewater, livestock
wastewater and sludge treatment water, is treated mainly by three
methods.

[0003] That is to say, the treatment methods are broadly divided
into three types, namely, a continuous treatment method, a sequencing
batch reactor treatment method and an OD treatment method. Such a
continuous treatment method called a “standard method” as 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 third treatment

tank4a, aerationiscarriedout. Atreatmentmethodcalleda sequencing



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,

an rayater, 2 noduses 110, st sequencing bato reacior (reatment fank) 2a,and a second

seguenci.ng batch reactor 3a, each of which I.s equipped wit “ah aeration égwce, a%ﬁlﬁ%fﬁ%n&evice and

a drainagedyice, and the raw water is sub ected to activated sludge treatment therein. The sjudge
precipitated on th(e b%tt[;%n ‘of both %ﬁe sequvé%%:%ﬁcggt%ﬁerélascpouréigscWﬁﬁgrg\?vgeé:nﬁstr%n%%?’?e% into a
first excess siydge tank Ba, and;the sludge is thickened, stored in.a second excess sludge tank 9a,
properly discharged, subjected to deliy %ﬁo%ngn %ﬁéﬁ %nggcﬁgdl fétlgéﬁlaﬁﬁi%%%né’fn%?éi' H0r the like.
[000510n,the, other hand, the supernatant liquid in the sequenci atch reactor is drawn up by the
drainage device and (%scﬁarg%d as éﬁ é#?feqﬁt%dﬁamtg%“g&eraﬂﬁp%s%a%fw%?%acg  intréduced'into a

treatmenttal , quality and the concentration of the influent wastewater are averaged in
%%tam% %tgte%&pge. ng%-ffz%m?& %ree me ‘h%gasbls Sel%féﬁ&é‘?ﬁ@&%}ﬁ methods

an equalizing tank in many cases. S In. any of t ove wa
using thg@gﬁiyea&eigp%%dige brocess, enhancement of watet quailreated water quality) of the ef fluent
(treated water) after the sewage treatmen %‘:t(szﬁi’fzgﬁ\c%lre\ %fBI% atr%%ﬁt Cél?f?&%c?% JEETE5YE TP Amount of
sludge tpgé'gt%rgd%ggdt iiéh Eg)%tsrgggrggglt nancd a%credd.-,c in foaming, scummang (scum-41-1,i

fat

matters of gathered solids an s'and ails on the water stirfacé it tie ggﬁ/age treatment tank.; by

generati%%f4qas from ?e %%umdaaseeratifon ' 9isetxu'1[nh d, to_decrease the fucction of the treatment tank,
and malodor is produced) , bulking,ir the'trat'rend have teen desirdd  the Fastio007]67 @& problems

in the cQnventi.onal waste r treatments, such decreaseactivity of activated sludge bacte ia in the
course of the treatmﬂé%att u%\i% t% iVél}éd%sﬁﬁéag%%td% Lé%iB@ﬁrétbsogé CATEES FOG0IES,
productiaogdoggrvprgort]iarorlgygrsog%rl rS@(fﬁ%%e, %evelo me%t,of had smells, occurrence of foam and
floating matters called scumm, and introduction of ther intd e eFfTERT. WISl e treatmvérit

efficiency s serjously decteased. and the water quality of the effluent |s sometimes, 7 owered.

[0008]That IS 16 say; in the conventional Sewage teanent "9 reactor 3a, each
of which is equipped with an aeration device, a stirring device and
a drainage device, and the raw water is subjected 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 8a, 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.
[0005] On the other hand, the supernatant liquidinthe seguencing
batch reactor is drawn up by the drainage device and discharged as
an effluent 7a into a river. In usual, the raw water la is introduced
into a treatment tank, etc., after the guality and the concentration

of the influent wastewater are averaged in an equalizing tank in many

cases.



componets g pellutants 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 treatmegsystem. If tq% g(,jrg\{yttgF {hl’%l%l)eto% S2 n‘%gg g@;é into tge Ireatment sy ?Orgégrggv.tmh of the
pollutant-decomposing activatedsludgebacteria and microorean the po(ﬁutarﬁrtl ecomposﬁt.lc? property
is somet'm%s £%§@% i@iog%l}/aarious causes of it can be cogs(i)dered and abtiv. all, the r W &/ater la

. . h
introducedinzo the treat enz tanks %queﬁcs:lngegat%rﬁcr%%%?ors t]énﬁi@jiag é]#&fréqger{t yrggn ains growth

inhibitory glél%:}t ces, hat inhibit growth of the activated s|u.dge mlcrnorga sm rou . Therefore, the
activatestIudg%%reajfr%@nt%&ﬁ?@%f %ﬁ%@tlo%vjé?g ,etgvﬁ%ﬁé%@/ &ﬁ%{)} %esﬁ%% gséggfat%evr\}gétewater

treatment i%Q]lQ]O the ot@ecr nand el%ctrii ity consumntion required for the aeratio oEe ch
!t I 1 rd 191 5 . =S t & 1 .
treatment tank an 7 éoepxgessrsﬁtajagg?etgn?éﬁ %gﬁlg?/s’lr%}gr%gge “and this i§' Céf“‘.'tf}etrl gss s%%@le to the
reduction% o;hwastewat r reatment ggst. [001 1%%Mo eover, even if the wastewater treatment ability is

T 9] o ; . [ .
enhancedr,1 t elatsn%ﬂ%?%?%xc%%s slud%e,rvxe/ﬁlé 5 Wltﬁ&%ﬁ/ﬁ%&%ﬁ%elflre%?r‘aﬁrélnrf?anﬁ?%ﬁl%jected to
(centrifu alz dehygﬁatiqn, and sut jected tg incineration or Jandfillinm is not reduced_at all by the

Rt Yough’ nqg;l% %ri%%resgs{elaggrﬁﬁgs 8%%y?r\1/§ri%hlsse>€ﬁ?en S to treat

conventaona treatment %n“e%h%%, ough'i

the excess sludge keep on inilrgeeasé 9.5 gcéfi%algé/,ctrica{lingenses for centrifugation and dehydration
SF-2327'5 increasing. 10012]ASa Mearts to Improve it, amathod Wherei a cultdre Bk isiifGtalled in
the Trealcrpent system to circulate the sljgggg i.gog nerally carriedbutinthismethod, the sludge

FEdUCﬂonéﬁgéIéég%%ﬁ%%%lSdlStu ecredse the functionof thetreatment
tank, and malodor is produced), bulking, etc. in the treatment have
been desired in the past.

[0007] Of the problems in the conventional wastewater treatments,
such decrease in activity of activated sludge bacteria in the course
of the treatment using activated sludge as described above causes
troubles, suchasproductionof ammonia or hydrogen sulfide, development
of bad smells, occurrence of foam and floating matters called scum,
and introduction of them into the effluent, whereby the treatment
efficiency is seriously decreased, and the water quality of theeffluent
is sometimes lowered.

(00087 That is to say, in the conventional sewage treatment,
components of pollutants in the wastewater to be treated, such as sewage
or wastewater flowing into the treatment system, substances contained
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



small congidering;high installation expenses and high management expenses. [00131Methods for the
sludge reduction ire known as tcilows a "culture megthod" 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.hy.a mill and returned to a treatment tank, an "ozone method' whera4 ozone 5 blown
into sludge and the sludgg%% refurne rt?éiélt%nsenhststaﬁ ?Saﬁaﬁfrfa\éoﬁllg thethod Witergif Siddyetis
ultrasonicated and re rﬂ?g a treatment tank, a "water jet method" wherein sludge is ground by
water jet e?nd reetl]rneéu to atr g%ﬁﬁ%%ﬁg%ﬁhtﬂthgg*éQlﬁ%g FadGETon hSthats Hdte V& &MBrmbus
expenses.are requi &;&E@F 'g}:[rodu Thn of navel eguipments and the maintenance thereof.
[0014]Under such |£fcumstancesea%ca%cg%eafn‘aEC m%e?ﬁga%v%ge%éﬁw ASitidoh COmpoUAg GActerta
amagnesiymeompound is added g a treatment tank, a method gerein a nutrient such as peptone is
introdsued, and a met %?Wﬁg?einsselepcﬁ %été?%’fo?%%ti&gtee éﬂ\g gedtt firheraadet 167 Treatment
tank have be en o ly.proposed in a patent literature 1, to enhance treatment efficiency in aright soil
treatmen§ ta%k. ngléf}e%%%-é%i? fh%wgﬁer%'se has not been attained yet sudf i entl-y in the methods
other th % ight soil freatment. [0015]On the other hand, reports on tpollutants contained in
sewageagr)the hight soiI-{érd‘aefzjocr)rlllﬁosﬁ[ﬁE}l %%Lctgs réi%sgab%e%heracf@fgsmﬁ erdtgtoreove all,
00161TQgpge§evg:gg¥ergtqr£1%§l‘%ggdthaetgi%tgoil’sdecorqgsed py genus Bacil Lus bacteria
(combination of the later-described Strain 7'act, B and & garus aatisF iac6Aaqaamdtivaly&xhibit
starch dgg%rggggHg,ngsﬁroPgr'%%nﬁ fat and oil dtecompositio,n property, and have a suspended solid
Ls. Dval rafio, said SS bei £ cookEd Mean’ medinm (mafdraktdret Byt Ridsur Y

g conaine

Pharmaceutical Co. Ltd. uscle protein as a main component, of not :less than
sdﬁstances 9&%9115%1 1t growtg og”the a@tivated sludge microorganism

group. Therefore, the activated sludge treatment ability is rapidly
lowered, to markedly delay the progress of the wastewater treatment.
[0010] On the other hand, electricity consumption 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 landfilling, is not reduced at all by
the conventional treatment method, though it may be increased. That
istosay,variousexpensestotreattheexcesssludgekeeponincreasing.
Specifically, electrical expenses for centrifugation and dehydration
of the excess sludge, expenses for incineration or landfilling of the

discharged sludge, transportation expenses therefore, etc. keep on



about 80%-(nop-patent literature. Manufaot-.uring of the cooked meat. raedium by Nissui
Pharmaceutical Co, Ltd. was discontinued. [00171§'he present inventor has further found that when a
silicon compound and a magnesium .compound are added to a treatment tank in the night soill
treatment, night soil-decomposing genus Baci].l usbacteria dominate, whereby night soil
decompasitign.ocgurs efficiently and development of malodor is reduce-pat-ent literatato The present
inventor has furthermore found that also in the case of. sewage treatment,

presencegfasili oncomoQun andarragnesiumaooinpound is impcmtant for the reduction of sludge
produced with the Ireatmel%ltgar?g ?grstrgiCeC) reduction oﬁ‘%’a&1 sﬁﬁ%llﬁsoq'r‘fg %?gégnﬁ ir%:\}lgn%F Ra5Hirthermore

e O e B R o T ptareh

decomposition property and fat an ecompaosition property bu avi

d ded solid.| K di are important. [00the non patent literatures 1
T P e e o T AR 6] &1h MG Chas SCAEIRRES by the

to 3, however, use of ricroorganism sfra.vi treatme C

treatmen%geitpo are. ly proposed as attempts to reduce dischar e% ludge whichsubjected to
incineration or gopSf(ﬁ{.%%ﬁg?&%%ggle?ast%rr?Eﬁ}ta]t%%ye%%ﬁ]nosf or i%i: r??d'ﬁ;g t8 TEAEFRALIY reduce
sludge is not pro sent yet_ [0019]The present inventor hab also found that addition of a nutrient is also
effective?o?sglwng'foaming, form& o of scum, bulking, etc. that occur in the sewage treatment [patent

I|terature[%)mC‘3;t]atlon LIStMethods for the sludge reduction are known as follows:

a “culture method” wherein a culture tank is installed to enhance

pollutant decomposition property of activated 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”
wherein ozone is blown into sludge and the sludge is returned to a
treatment tank, an “ultrasonicmethod” wherein sludge isultrasonicated
and returned to a treatment tank, a “water jet method” wherein sludge
is ground by water jet and returned to a treatment tank, etc. In these
sludge reduction methods, however, enormous expenses are required for
the introduction of novel equipments and the maintenance thereof.

[0014] Under such circumstances as above, a method wherein a

silicon compound or a magnesium compound is added to a treatment tank,
a method wherein a nutrient such as peptone is introduced, 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 a night soil treatment tank. However,



Patent Literagure-Patenteratare 1: JP-A-2002-86181 Patent literature 2: W02006/115199 Al [0021]
Non patent literature 1: Murakami, Irlye, et al.: 'Dorgination of Bacfllis 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 £§gu%@§5%@é%@%{rsg@}l%m%@%ﬂg9#98&?&%@%%@%}@“%%8@5 a%ig;%

Bacteria", Hokin Bobal (Journal or Antibacterial and Ar.tifungai Age pan), Volume

431'44Qtﬂ12919 the. M%Earsg& iitetrggér&%b{gl.(ip Doi, qunSinc Jee, F9yozo. Iriye, Shin' iro Tabuchi
and Koichi Tateishir "Baot.erial Phase Dominating in Efficient Odorless Combined Treatment

Purification,Tank and Bi%%hetrmgcagﬁ{ggegg S Th§r of",.Eakin BobalArtih.acterial and Antiounga?
0 1 d
Agents, avan)r}, Vol.z", pp. 53-63, 1998 D?écfosu?eg%ﬁ%vgﬁlti&% %rgglierﬁ% ?onécsa Solved by the

inveniion [00z2drs 20 ahigct oLihe pissentinveniion (o piovide a wastewatey reatment fethod for
efficiently treating’wastewarer such as sewage,%)P which’enhancerment of Walter, qualﬁy or water

having bj?g?eﬁti/bj%%t&%_ \gg\%tggvgg%t_reatment (treated \(vater 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 conveniopal activatad, sldgeplogess. A ARIEWRIST saMent ystem, a0d 1o BIGVIde & method
formeasuring pollutant decompaosition actmty? D component removal ratio an susp@nae solid

LS:DJ removal rati%whi(il} re indexes of cleanness of water area of activated slughe icroorganisms.
[0023]That is to Say, it is an. %é}é‘&% of the Fgéme%n]tr}ﬁ\%r?t?oﬁjtc% S%\%ag%rm%?ﬁgé W |8h@éﬁﬁiﬁ§tes

LM s S oL a0 el e e o o
starch decomposition property and fat and oil decomposition property,
and have a suspended solid [SS] removal ratio, said SS being contained
in a cooked meat medium (manufactured by Nissui Pharmaceutical Co.
Ltd.) containing muscle protein as a main component, of not less than
about 80% (non patent literature 1). Manufacturing of the cooked meat
medium by Nissul Pharmaceutical Co, Ltd. was discontinued.

[0017] The present inventor has further found that when a silicon
compound and a magnesium compound are added to a treatment tank in
thenight soil treatment, night soil-decomposinggenus Bacillusbacteria
dominate, whereby night soil decomposition occurs efficiently and
development of malodor is reduced (non patent literatures 1 to 3).
The present inventor has furthermore found that also in the case of
sewage treatment, presenceof asiliconcompoundandamagnesiumcompound
is important for the reduction of sludge produced with the treatment

and for the reduction of bad smells. The present inventor has

furthermore found that for the pollutant decomposition, genus Bacillus



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 view gi t oflen ir onmentai problem. OOZE‘;%Studies on pollutant-decamposin
microorganrlgsrﬁér ﬁ%eaeln the a}éti\\{}gt‘éﬂqgluag%rpcr‘cicggg %ﬁ%ot & ke h&/e BEER Yarel§ khdtvn? Bihd
technlqugﬂogglectlvelg/igilture mlcroor%a isms avmg;llr(_!l h pollutant decompcsic on oropertyin a

sewage treatment tank or a sludge retantion tank have nof baenkiowi efthér. “GrawtRTHTBfon” that

causes by flowing of groyuth inrlglibéi;;[orcyO s%b%tancgg into dthe treatment system to inhibit growth of
activated siudge bactaria and microorganisms having pofittart decSrTpaSition property is a difficult
point in t%d‘j!%r ase of e icig%:%y of the sgwageltreatment, nd a solution of this growth inhibition has
not been'known either. [00261Thé preSent inventor Has studied acfivated SUGYE Mickbtigd sms that
function rinr}~ thre t(g%atmlelrgtm of tél%man Wgtste.s, ar}g. Ii\%estock wastes or the sewage treatment (including
treatment of domestic wastewater and food industrial\wastewate? the dame ShaiPap iy Hereafter)
since 193%&@9 2%% ac}gon%%lioshted thte resentt TI!-2327 10 invention. [0027]It is commonly though
that sludge is composed of activated lutge Microorgamsis: but Hi® présertingehfdiHas & opinion
that sludgg cuoné(ai(glfsurgldecondpoie%pgjlut%nts lia larde amount. Thesent inventor has reported that
when starcﬂ-cfecompgsﬁﬁ sactri- a%ind Bt decompoling bacterid ahdmisEdiat e ©F
protein-gl%%o%%egﬁghgg bact?gq grow in tie nilght soiltreatmentactivated slug%eorthesewaggtreatrnent
activated Sitidne, the fmoroNeméht of Vatsr quality of redled \WateF SRiagRYRdicli6R And By smells
reduct.ion are observ,eg non patent literatures 1 and 2). He has also reported that in this treatment,
addition of a%ﬁﬁ“@éﬁ%&%@%@&% MagEsium CopatiRass nedessary for the growth and
maintenilageig bacteria having high pollutant decomposition property (non patent literatures 1 to 3).
The present inventor hadtherfoGid that-GUring tHe Growth SPbactena & Rgh poffitahtdeedniposition
property, scum and foam_are sometimes formed, and in order to solve these problems, addition of

peptone' 18 effettive ‘4nd hethas already apphed 1or 4 PitedIe(patent literatate 2). 260581 Thereafter,

the presenE'n,ventor has carour tests
bulking, etc. that occur in the sewage treatment (patent literature

[0020]
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Non patent literature 2: Ryozo Iriye and Hideki Takatsuka:



for increass.g;n_g2 ggi(;iency 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
conditionsswhgn substances that inhibit growth of activated sludge microorganisms flow into the
system, and the polite -detdRipodifg Bacteriafforas dhe tocoverbdC aRaYediaes sacteRabras
haviigriog)ollut.ant decompoasit ion property app (%)OZQ]Jud ing from alysis of 163 EDNA base
sequences ahd Gane red; itisThGaght thatthe hotrant-HidhkF dedompotivig Siafrarthat have
appeared are fz\lzariants derived from tt seed eactstrain added, and that activ.ities of various enzymes

have beét enhEAEEd andTbm: speeificity of Vatichis iR has been ehhanbéd: TREPR to say, the

variants derived from the seed bacterial strain added are thought to be strains in which enzyme
production ability' RAsBeen indudsd TheExpressisn “el2ymé prodddtsh ety has BebhliiBuced”
means that the enzyme=, dergoes varia on and the enzyme activity is enhanced, and it is thought that
protease Activity and sUBSHafE nBRSpETifidity bFf pfotease havaBhesr parfiedany Eikiateed: f0030]In
addition to appearance, growth and maintenance of the bacterial strains having high pollutant
decompoditioh propERY, MoRis-aRd yedsts Bxhibitif SEFEH dBEsMpEStior prapaty, acand oil
decomposition property and cellulose decomposition property appeared, and a given number of them
could he ThaitaiET? TEO ST the bt that appedru Bstain G/ias presbrt) ahlARIsSSHaih Cl has

antibiotic production property. As growth of Strain G was observed, growth of filamentous bacteria

game to BE NS E8LerI8d in tHe Freatmérbtank. SFL2326(2), pp. 53-63, 1998

Disclosure of Invention

Problems to be Solved by the Invention

(00221 It is an object of the present invention to provide a
wastewater treatment method for efficiently treating wastewater such
as sewage, by which enhancement of water quality of water having been
subjected to wastewater treatment (treated water quality) and sludge
reduction can be attained at a low cost without 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 for measuring pollutant decomposition activity (BOD component
removal ratio and suspended solid [SS] removal ratio which are indexes
of cleanness of water area) of activated sludge microorganisms.
[0023] That is to say, it is an object of the present invention
toprovide amethodwhicheliminates loweringof pollutant decomposition
activity of an activated sludge treatment microorganism group, which

greatly enhances the treatment ability of the microorganism group to



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 wa Q%Iescsr@gtn 5@%‘@ eﬂf? l's,glsgrgnde%éoo][ig [JICES%hrem \égl ratio was net less than , the toral
nitrogen [TEN] removal ratio was 6ss than 15%; and the removal Tatid of the tota amourtsiosphorus
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 con@sgﬁt?onfrﬁﬂrtesrr%lsv&n a g%lsésaﬁgfg %renﬁicient of sludge (- I 05 x dry weight of increased

sludge/a t of removed SOD [0 the treatment accelerators added, a silicon compound and a
E&%‘é’l =

34]As
magnesium Cofnea= aré known: lu%? eég&éﬁ%oﬁ EPIEET T &N RILintm E8mpbtnd s bt Been

known On the other har%g, the

addition of prelp%ﬁg is® Jf'ed

E}re-sent iglé/e&tor has found that when foam and scum are formed,
ective

or $6ving them, EhdRirther, fie Hah EwWRATmd- that Addition of dry

yeast conftributes to, solving them and a prominent effect is observed in the recovery from inhibition of
growth OC%%{?& é&tﬁ/%’té& %F&%ﬁ% %ﬁ&&r Iﬁﬁ %%s?g%g% 13 1683571tis kABANT6 IR Seet bacteria as

pollutan&g C Mpos bact%ria, but thg effect does nat last long. Derivation of strains havinc higher poll t
decomposition property from the seed bactefia addet haS not bebR Kiowi. (66361 inadditien, an
:stance !Crg which growth of flit crocrg%alnlsrrs havinfgohigh fa r decomposition property, fat and oil
decompositiot property and celftiose deconTposiionprBpetty’ sGeiras toldsSand yeasR has been
confirmed ir}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

invenkwfggggﬁ Studies on pollutant-decomposing microorganisms used in
the activated sludge process and the like have been rarely known, and
techniquestoselectivelyculturendcroorganismshavinghighpollutant
decompositiongmopertyjxlasewaqetreatmenttankcnraSludgeretention
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, and a solution of this growth
inhibition has not been known either.
[0026] The present inventor has studied activated sludge
microorganisms 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 shall

apply hereinafter) since 1991 and has accomplished the present



accompl'gpg? §Qe7 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
treatmen%r%f] 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 irrer, to a_treatment tank, a . sequencing batch reactor or an anaerobic tank, and/or a
step of r tur%iﬁgq sludgeig\}iﬁgc (%Uenr?rzl:l1 a%eﬁ%%‘fi?ﬁ%%%i‘édgeecbﬁ(fg’i?@@?glﬁégaecfa]n?a&etﬂickened
sludge taTgaager%JePcin batch rea tor*':o‘r gn anaerobic tank, and maintaini the number of genus
Bacillus bactetia in the treatment tank-the SecuBhéing batth Teactor orthe dn28robic tark 16 wh.ich
the slud elhgs been returned, at 2.0x105 to 22.56<1.05 efu/TEL. [0040)In the method (a), it is
preferable that whan the first SITIGS FEttirmig step 7a'is pBrformedt 4888Bhd sIldg® festiftting step
Wa: a st% g r|§%turn,ings-iud e hca\é'nghbeen aerated and _stirred in the secondexcesssl getankore
edsluMticn tank 13a equipped ~h an aer&tsr amnd a'stl rrer 16Hhe it SfeReesS Sititige ahid sludge

retentiond chill‘_llé 12ae uéigged with an aerator and a: stirrer, is further performed in order to avoid
S

Sty CRtisSd by thainfiiencd of a"Gtowth IRhiBiGH BF the ke "F5541]t iSHréfefable that a

activity reduction ¢a
treatment accelerator is added to one or more tanks selecte.d from a first treatment ta07 first segue
cing batch ?ga%?o?afﬁ%?é% %gﬁ&%égﬁﬁéﬁ%%ﬁ%? SECbRdsegiist e Batciresttor 58 dhird
treatment tank 4a, an OD5a, a first excess sludge tank or sirate -ion tank ea, a second excess sludge
tank or tﬁﬁ:&%ﬁ%des%a B%8tentio tani 83" 5'%Hidg 8 thitkeninG fank 10205 SRitye e tERtsH tank or
thickened slad e retﬁentien tank 11a, the first excess sludge or sludge retention tank 12a equipped with

an aerator And a Shfter ard e Se&6iTd 8X6ess shitietank brthickaneardiGdgd teteritiohtank 13a

equippeg with an aerator and a stirrer. Thetreatmentacceieratorispreferabiyoneormores stances
iteratures 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 has further found that during the growth of bacteria having
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 patent (patent literature
2) .

[0028] Thereafter, the present inventor has carried out tests
for increasingefficiency 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



Sri-2327 selected from the group consisting of a silicon compound, a magnesium compound, an
aluminum compound, peptone and a dry yeast exyact. [0042]1t is preferable that a nitrogen source is
added to one or more tanks selected from the first excess sludge tank. crsludge retention tank 8a, the
second excess s dge tank or thickened sihdoe retenlion tank 9a, the sludge thickening tanklfia, the

sludge reteryion tank or thickened sludge fetention tank Lia, the first excess shudge tank or dge re
tent.i on tank 12a eauippe with an aerator anda stirrer, and the secchd excess s]lud’gegtani“(] or

thickeneg slydge elanionagle. . eauipper it an aergtor and 4 stinet, The nittagen source is
pr0|erdb Y oneé or more substarces selectea rrom urea, ammonium su fate, ammonium ¢ I%rlde and

ammeni um pitate. [0043]The wa stewater treatment method (p) is, &5 snoNn 5, awashewater
treatmertt me‘%‘r]wodnc“omprlsi , N a-vasewater treatment using an activated slu ge proce s?ncluding at

least the followin eps: a step. (1): aeration, step wherein sewage or wastewater |. having a
biocher(nallgcaa?%%é%g %%%%an%bﬁﬁﬁf%%%{ﬁé%o %ﬁ%@ Er)ngg\g%ﬁén Riiow to o fit6 ‘an’ a8TREGH tank 10
eguippecL jth.an aeratio %fge\:ice d a stirring device, t Wh'g% eed bacterial flora 2 have been
added, a @ e?sewage g]}l l\%%Lgir:]é\(/)vnait%?“iishf1 era e%ga%gsstﬂgr)e ?%agnetaslﬁ Astirred Il‘arfl 99¢  a
step (2) ; separation step wherein the stirred . quid 11 abtained in the ste é}lé is allowed to flow into a
sludge siéa?r%én%tiéﬁ %ZI?\?(U%%- arid” a%lvbg ?oq%%%%b? §tﬁ1_TFoO§‘88§ t%%ﬁ?dlﬁ?d?éqgﬁpematant

liquid 21 and precipitate §Jud e 22, and then the supernatant liquid 21 is discharged out of the
systemjgfsa an %ﬁﬁéﬁ% ,a“%tg%p)r(é rétention %Crfd J“Fé) Urning §t%%?ﬁ,ﬁ¥ee précipitated 31adge 22

obtained in the stgpis withdrawn and reta.inedi a sludge retention tank JO, and a part- of the sludge is

reﬂnnedﬁ%ﬁhggﬁ#aﬁgﬁ%gﬁ%iﬁ? of various enzymes have been enhanced and
non-specificity of various enzymes 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
theenzyme itselfundergoesvariationandtheenzyme activity isenhanced,
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 be maintained.
[0031] In the molds that appeared, strain G was present, and this
Strain G has antibiotic production property. As growth of Strain G

was observed, growth of filamentous bacteria came to be not observed

in the treatment tank.



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 @%%selected om an aer tign\gevJ[i:ce arrgd agtirrin device in the sludge retention tank 30
and/or the thickeneu sludgé refention tank 50, o arfange &' feehtion tahKk’30 eGuibp8d Witk e device
and/or arghicggggg s%%(jege r%tg(-)ntrion tank S%eg]devic%,aﬁdé?erformin the following sludge returning
(1) and/or (IT): Sludge Tethring (h-withdral¥ing Stitré and ratHingd SHTtR 31 Biftained by
aeration o}ggeé%tgon a{mg gtisrrin%cigsthe slucgg)e }getention tank 30 equipped with the device and returning
e sludgeto the aeration tank 10,and/or slidgéretirming (Hy witHaPaWiHgstirred hicke ReditiF SF-2327
retained aszlﬁi%id%e S%ﬁoebtaiged l%éaeration or. aeration and stir ag in the thickened sludge retention tank
50 equipped with the device and reftiming the ditdge 6 tHe aerafion thic 16 2H/Gr e gitage
retention tcacpk 30 eguilp ed with the device, adding a sludge flodculant and a nutrient to one or
more tanks gflt%]éaaeora I6n tank 10, the sludge retention tank 30 equ pped a the device and the
thickenegoﬂgggi: retenti gtank 50 e%i%d with the device, and maintaining the number of
genus Baclil. 5 hact.eria 145 the tank {6 Which e SiidgeHocctiah ard the i itF et iave bBEn added,
at 2.0xlgg tghlllélo' cfu/mtc.i QCQ44 It is possible that the aeration tank ' is composed of two or more
tanks connected 17 S&rieS A8 SHowh in Fig©6 4 first trahfment tatk 2V an drderobic featthent with
only stirr{n% Wittqg)ut ag:ggtiorli'%conducted, and seed bacterial flora 2 are added to a second treatment
tank 13 and its stibseglieht treatment TANKS. ard aérationlard Sfiffing are perfofmedCt 1ess
0045]By%%mor .gystogpirmtheaeration andstirri.ngfunotions or such an aeration tank 10 as shown in
Fig. 5, the aBratiolf tank 10 CaA be usE@ &b ad The shidye’ sedinfdnitatish fank 20! [oG46]it38
preferabJ1 that pollutant-highly decomposing bacterial floras having starch decomposition rcperty and
fat and e%ééc% b6 'ﬁoﬁeﬁ%ﬁ%}tﬁ 3%%8\%&@“8 MSM%FOO[gQP%?ﬁB%P%WW%bemg

containefi in ’ji cooked meat medium (Oxoid) havin- the
I-P] was the same as the conventional one. Each ratio was compared

witharatiotoconventionandonanannual average. Further, the amount
(dryweight) of sludge producedwas reducedby 50% as aratiotoconvention,
and was reduced (could be weight-reduced) by about 60% as a ratio to
convention in terms of a gross yield coefficient of sludge (= 100 x
dry weight of increased sludge/amount of removed BOD).

[0034] As the treatment accelerators added, a silicon compound
and amagnesiumcompound are known, but the additioneffect of analuminum
compound has not been known. On the other hand, the present 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 __%Ig)\iving composition,of not 170% and a suspended sol d [SS] removal ratS o
saidSSbeing contained in a cooked neat r-Lediu, @fco) having the following comp,oition, of not less
than 60% are derived from the rial floras. 2; composition of cooked meat medium (Oxcid) (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 OO 9: jnd compositec&oked meat medium (D too) (per liter): bovine heart muscle (dry)

98proteose peptone 20.0 g, GIUEeed ™ (¢ hd S5 difiB6 ide 5°06°[6047 £TRE part gy $eedmposing

bacterialbfloras oreferablv have a_ SS removal ratio, saidbeing contained in the cooked mmedium
(Oxobd) ot hot fesy tl%ht%gcﬁ (6048 Téed BattEfial Fiotas oA nrétefafis Str&inCA Bacdiison 4
gien, s; %cce,ssiogrn mber of international deposit: TERM 52-11260) , Strain B (Bacillus subtilis;
accession nuMmper

AteFriationaf deposit BEPMB°T1 B3 25 Shd SiraiT'c Badifies subfits actession
number of i..ntarnational deposit: FERN 52-11282). [0049]lt is preferable that tine pollutant-higBi y
decompSg% attEridiforas Confain"at least one kind of genus Bacillus bacteria selected from the
group co s&sti g of Strain D (Bacillus subtilis; accession number of international deposit: FERM

BP-11283)"Strain E (Batillds' Subtdi’s: &Cce8sSioniimbel of itérhatioht d8posie FERR 224 11284)

and Strain F (Bacillusaccession number of SF-2327
1avinhg high starch decomposition property, fat and oil decomposition

propertyandcellulosedecompositionproperty, suchasmolds and yeasts,
has been confirmed in a treatment tank, a sludge retention tank or
a thickened sludge retention tank, hasnot been known in the conventional
sewage treatment.

[0037] Based on such findings, the present inventors have
accomplished the present invention.

[0038] That is to say, the wastewater treatment method of the
present invention includes a “wastewater treatment method (o)’ as a
first embodiment and a “wastewater treatment method (By” as a second
embodiment, as described below.

[0039] The wastewater treatment method (o) is, as shown in Figs.
lto4, awastewater treatment method comprising, inan activated sludge
treatment of raw water la, performing a first sludge returning step
Va: a step of returning sludge having been aerated and stirred in a
first excess sludge tank or sludge retention tank 12a equipped with
an aerator and a stirrer, toa treatment tank, a sequencingbatch reactor
or an anaercbic tank, and/or a step of returning sludge having been

aerated and stirred in a second excess sludge tank or thickened sludge



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 | (Pichia fermentans;
accessiontimber.of internatignal deposit: FIRM B2-11286) and Strain 2 (Pichla gbilliemmoldii;
accession nUMbEF 6 g%%t%c?ﬁa?%%ﬁ%@ﬁ:%ﬁM%fff@é ; W%ﬁ??&éf&erﬁ%l@ ﬁﬁ?ﬁ?%ﬂfﬁge
ficpcuIaQt cr?ntagnssgnugluminuig ctorgpoundﬁ andasiliconcorr{% d and/or amagnesihm compound, and
based on'1 qkll 6f & mixed ligdor stspended soiid MU S S T 7 tan -5 Whiell tHesitdge RoBSul ant is
added, ttgglglumzi%m c0£npound irbtermrzs of aluminum oxide [AlI203] is added in a- amount of 0.01 to
0.5g, thesiliconcompound i terms ot Siicdh digkide St27'18 adifed A Amburtsr.01 ¥ 2 g; and
the magggsium com cgmtd |}Q termstofrma nesium oxide [MQ] is added in an amount of 0.01 t0 0.5 g,
with the Proviso tha each amotnt is ah amount paf eabidthetérf ot edch Hricand bertay {605 Ljis
preferab%e tha}:t> the nutrgent is petone nﬁl/or a dry y st extract, and based on 1 g/1 of MLSS in theatcn
tank to 'lob the hiutriént is'adc efd,aptep oné is'ad in"a amoGntiére.s to 70 ma, and the dry yeast
extract iz ggggﬁ inan ar?ount of 0.1 ﬁo 10 Mg; based on 1 g/1 of MLSS in the sludge retention tank 30
equippe 9327 20 with the device¥d whilch the Adtriert IS Saded, peptorie i atided in ahtamount

of 3.5 to 250 mg, and the dgf geast extract is added in an amount of 0.7 to 45 mg; and based on 1 g/1
of MLSS’ih %%%H%ﬁéﬁ%&fﬁ tep Va is performed, a second sludge returning step

Wa: a step of returning sludge having been aerated and stirred in the

19 internggos%lzdpposit: PERM 82-11285); or contain at least one kind of the genus Bacillusbacteria

secondexcess sludge tankor thickenedsludge retention tank 13a 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, is further
performed in order to avoid activity reduction caused by the influence
of a growth inhibitor or the like.

[0041] It is preferable that a treatment accelerator is added
to one or more tanks selected from a first treatment tank or first
sequencingbatchreactor2a, asecond treatment tank or second sequencing
batch reactor 3a, a third treatment tank 4a, an OD tank 5a, a first
excess sludge tank or sludge retention tank 8a, a second excess sludge
tank or thickened sludge retention tank 9a, 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. Thetreatmentacceleratorispreferablyoneormore substances



ridge ret mp% k 50 equipped witto which the nutri. e | 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 cons'sting o@& rea, ammonlira sulfate, ammonium chloride and ammonium nitrate are added to t
e sludgesreéké“}rﬁlo% ;rﬁ(o%t&fuf{)ﬁ%ﬂp\/\iﬁﬂqﬁés&é\ﬁ@eOd%dl/ogr]thé%fblfe?{%o%ﬂgear%%ﬁﬁ 4Rk 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 ofy TH2 BIMLES iR tHE g s TRRAOA tahR B EGuippediwith % d&vicE, &rd i$added in an
amount géoqué%jw mg based on 1 g/1 of MLSS in thethickened sludge retention tank 50 equipped n
the device, Wifh the proviso tHatach amount is'ah dmotht PereubitiFeter fm310Fakh ahk and per
day. [003§]The wastewater treatment system of the presert invention is a wastewater treatment
system ¢BmpFidifig ‘i wastefatér tréarent tising T afdresand activatedSitidgs prédesYnstalling
at least an aeration de cc selected from an aeratior SE'-2327 21 the thickened sludge retention tank

50 to arrARig& A retBnlich tahR 30 BGuisised iffr e devite Wi/ of Watickéhed & FatBAfGN tank 50

equipped the device, and performing the aforesaid sludge returning and/or sludge returning (l1),
adding a-§1685& HIeA At Hhd FRutrienttd bRETITORE (RARE dfthe HeFatibhAERK 26 ike ' Sidge

retention tank 30 equipped with the device and the thickened sludge retention tank 50 equipped the
device or thickened sludge retention tank 1lla, 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. The nitrogen source is
preferably one or more substances selected fromurea, ammonium sulfate,
ammonium chloride and ammonium nitrate.
[0043] The wastewater treatment method (B) is, as shown in Fig.
5, a wastewater treatment method comprising, in a wastewater treatment
using an activated sludge process including at least the following
5 steps:

a step (1): aeration step wherein sewage or wastewater 1 having
a biochemical oxygen demand [BOD] of not less than 80 mg/L is allowed
to flow into an aeration tank 10 equipped 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,

astep (2): separation stepwhereinthe stirred liquid1ll obtained

in the step (1) is allowed to flow into a sludge sedimentation tank



mainteinine 1 mber 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 :0ssible 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 eb%ration isiﬁgnd%cged, and ﬁgo gc S iopd treatment tank 13 and its subsequent treatment tanks,
seed baéterial flora 2 are addadARd aeratior” aid Stirfing ars perfinted” '8y B 6rarify-§tpping the
functioniof ae[jaticin and stirring of the eritliog tank 10, the aeration tank 10 may be used also as the
sludge seiifientatien an %?fd%éﬁ;ﬁ%% sitageHoccuant and e hifishERThe Wastewaibr featment

system fthesprssen%invengon are the same as the sludge ileceulant and the nutri ent that are
11 igcha

preferabfy ugéd it the Wastewaler treatiriént S8t (3 ofthe presert invetttion, and the amounts
thereof 22 are the same 3?5 those in the wastewater treatmnL system () of the present invention. The

nitrogen source added’th the SR retention TaHK 30 Blippad Wit fhe detiderad/or s frickened
sludge regtlenéi%l K [

k 50 equipped /el th the device togetherthe sludge flocculant and the nutrient, and
the amount' reg%n Qie-thie ?%é%é}?ﬁo%ﬁﬁ thie) WastEWAEF HEARTShE STStEnT folof the Liresént
invention. 10056jThe methgg for measuriqg pollutanu decomposition activity of activated sludge
microordanisms c8mprisés Calciistinga SS temaafratifioht the ToiGmihg Torhulasihg & ary weight
(X) of a sgr?g(ended solid [SS] obtained after bacterial inoculation and cultivation in the cooked meat

medium & a]d%’/ weight (Y) of SS obtained after culturing without performing bacterial inoculation in

the cooked meat medium; SS remaval ratio(Y-X) / xI00 thereby measuring pollutant decomposition

performance of Activated Sludge THicTaorganisiis CoRtRad ntHe aforesdid séedrakicral fidras or the

aforesaid poIIutant-highI?/ decomposing bacterial floras. Effect or the invention
in the step [(3) 1s 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
sludgeobtainedinthestep (4) isretainedinathickenedsludgeretention
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 eqguipped with the device, 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 the sludge
to the aeration tank 10, and/or

sludge returning (II): withdrawing stirred, thickened and



[0057]The wastewater treatment method (a) of the present invention makes it possible to greatly
increase the amount of treatable wastewater (tre tgd 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%) E- 223217 2 of.the amount of excess sludge produced, conspicuous decrease (about -60%)
in the gross yield coe iciant o?]s tjé&gae{nrﬁgﬁ%gd ?gdfugc ion of éfle%?r]fcafi&\?/%r?gau%a%%é?nﬁi@ugal

separation o 3612 ed and retained excess.sludge, great irnrovenent in.the ater quality of effluent, and
drastic red%ctﬁon 0 na%gsr%gﬂg%a tﬁg)%celer%ﬁ%n%regﬁéle oef)aéneeqtlﬁé‘ggrﬁgnw faciity Burther GEhalbeen

found t@agp&/ carI[yi out the wastewater treatment meth Egsa) of the present invention, the poll
ant-decomposing %nitg?go?gfg% %gﬁn%l& (anﬁfé:far”\a%é)&é“naar:”@é)r?u ngé&ﬁutgg?iﬁ)lﬁaagofgg%%Eﬂ%cteria
during tpg run of treatment ntirely -disappears at4 er the lapse of a given time, and a
poiIutant—dneco%po%%lglzﬁ?ceﬁgoyglgﬁrﬁsrhhéiro%%vﬁg\%hg much highe ollutant decomposition oerformance is

derived. It has baeG?ni@und Ul%tcin éhﬁ{ggithl;ar%t-decomposin microorganismgroup,
moldsandyeastsofnatutal ofigin are also contained: [0058] The WASteWatdi traatmentmethidd () of the

present invention can torgwdtec_j% }\ilv%%tewcager tsrfat ent method having effects relating to the following

matters (1) to (10), a wastewaler tredtment Systeifi- ahd & metRod f6F fnes ity pefGtaft =1
decompasition activity of act ated sludge micrcorganisms. [00591Polluoant . ‘
uhIydec?éqﬁl%o%{%n%%%%tgﬁglflg%gs&qélr%\fekag {5 §§889%%&§ﬁ§ntlon tank 50 equipped with

Byperfo;p]in%@g\{vggtevg%tc(frtreatmentmetho (13) ofthepresent invention, bacterial floras h-a-v ing high
pollutant a%comp05|ﬁon property are derived from seed bacteria, and further, even if seed SF-2327 24
bacteria are not added (with th%{provis thatJus Bacillus bacteria having high pollutant decomposition

property are présent in soil. Right soiFOF the fike GHE ThE§ fiow' intothe 'Sy/stem’ &nt e SHi& dominant
to perforr(p %}gdc%n g}tjrgegi) ,dbact ial floras hz?\vin h. gh pollutant decompositiop property are qlerived
(a little fonger time s requ&ledg%sgc%?ﬁﬁéﬁje%nﬂq e (hse B dd@ing Ssetfbagitia dbipatent literature
2). Ol\/\éh.%*n>< %@S%%N%t% grfggmcefrht:/gﬂtjt.hod of the present

(0044 It is possible that the aeration tank 10 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
aeration is conducted, and seed bacterial flora 2 are added to a second
freatment tank 13 and its subsequent treatment tanks, and aeration

and stirring are performed.

[0045] By temporarilystoppingtheaerationandstirringfunctions

of 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 property and fat and oil

decomposition property and having a suspended solid [SS] removal ratio,

said SS being contained in a cooked meat medium (Oxoid) having the



invention is carried out using Strain A, Strain B and Strain C as seed bacteriascribed in detalil in the
working examples), plural kinds of bacterial floras (ﬁenus 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
sensitivit tg &grpv_vth inhibitory substances), growth inhibitionohag_(gg occurs as a whole. 0061]}(12)
Sludge réduotddn Phe ARG ant (dfy walgh Budge procitet’ it Hecreasa sy fot fesd fhah 50% as
a ratio to_ convention, and can be decreased by about not less than 60% in terms of a gross yield
coefficieRt BFSidge(= P00y WetghEoP M GeA5Ed ST g8/antoimit st repdveaoD) fade2i(3)
Improvement in water quality of treated water The treated water 200 can be improved by not less

than 579%2the %6 Femovalratis-Edn bEiRtproved by rot [88S tH&T 870 2and e 8l BF-2327 zr

ogen [T-14] can be improved by naot less than 15%, as a ratio to convention and on an annual average.
Regarding the fotal &Motnt of phospherus’compounds Yr-P1 treated, the status qu ntained. If the
treated water quality can be improved as in t.le present vention, evil influence exerted on the

environment carbERUPpresded’ {06651ias I kibitioR ot ProdueHsr 81 alrsne corporiertsart

muscle (dry) 73.0 g, peptone 10.0 g, Lab Lemco powder 10.0 g, sodium
chloride 5.0 g, and glucose 2.0 g; and

composition of cooked meat medium (Difco) (per liter): bovine
heart muscle (dry) 98.0 g, proteose peptone 20.0 g, glucose 2.0 g,
and sodium chloride 5.0 g¢.
[0047] The pollutant-highly decomposing bacterial floras
preferably have a SS removal ratio, said SS being contained in the
cooked meat medium (Oxoid), of not less than 80%.
[0048] The seed bacterial floras 2 are preferably Strain A
(Bacillus thuringiensis; accession number of international deposit:
FERM BP-11280), Strain B (Bacillus subtilis; accession number of
international deposit: FERM BP-11281) and Strain C (Bacillus subtilis;
accession number of international deposit: FERM BP-11282).
[0049] It is preferable that 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:
accession number of international deposit: FERM BP-11283), Strain E
(Bacillus subtilis; accession number of international deposit: FERM

BP-11284) and Strain F (Bacillus subtilis; accession number of



Prc,ductiOn of smell components, such as ammonia and hydrogen sulfidebe inhibited in the
tratment tank or toe- sludge reteL tank. As a resul gon-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, Wastewa:]er treatmelnt ca}n
be performed with highcy and high quality as above. Therefore when treated water having quality o
thepsamel Pe%v%]f%% ﬁgtn o theegc?r%‘écr?tig réated Watet is desiea" e poivercons ipticn edn be
maintaine(I:I g\}?eit is CT can bg lowered. [0065](6) Almost unnece,ssara?repair of facility Large-scale

ioraltacility RAmTecessan That o Say: the Wasteater tratiéit Hiethod ([7)

repair of the conventional ta ' (
of the present _.ention Lil(%gn be carried out without er-ic ing the conventional sewage treatment facility
e

or by making small-s¢ate repal As 3 TeE0R 48 Comparedswith the dorventionaPmethod csludge

ion | ible. 7) Inhibition of growth of filamentous bacteria SF-2327 26
reducqug%ggsgggagggg6l§ ;east seiec%ed from the group consisting of Strain

H (Geotrichum silvicola; accession number of international deposit:
FERM BP-11287), Strain I (Pichia fermentans; accession number of
international deposit: FERM BP-11286) and Strain J (Pichia
guilliermoldii; accession number of international deposit: FERM
BP-11288).

[0050] It is preferable that the sludge flocculant contains an
aluminum compound, and a silicon compound and/or a magnesium compound,
and based on 1 g/l of a mixed liquor suspended solid [MLSS] in the
tank to which the sludge flocculant is added, the aluminum compound
in terms of aluminum oxide [Al,0;] is added in an amount of 0.01 to
0.5g; the silicon compound in terms of silicon dioxide [Si0,] 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 0.01 to 0.5 g, with
the proviso that each amount is an amount per cubic meter‘[nﬁj of each
tank and per day.

[0051] It is preferable that the nutrient is peptone and/or a
dry yeast extract, and based on 1 g/l of MLSS in the aeration tank
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 g/1 of MLSS in the sludge retention tank 30 equipped



Since growth of filamenuous bacteria is inhibited, foaming and formation of scum can be inhiolted,
favorable slu%ge sedimentation property can be m 5ntained, and management of facility is easy. [(8)
Reduction of sewage sludge treatment cost s described in detail in the werKnng examples, the
amount of sewage treated in 2009 was 185 m3/day, and the sludge reduction ratio was 50. % as
compared, t’gh ttp)e sludge in 2005, in spite th( the amount of sludge produced remarkably decreased,
that is, the amount 04“%9

moved505) iner S&d By 35'974a ARdiRes deldHti tBfovedSSccteased by
60.8D%, comgared with those. in 2005, the weight of decreased dry sludge corresponded to 7.458

t. This afBuRT'3f tHe Afy SUJE cONBSPONIE 10 T5F IGHFILS/6FSD MBtRABmsSoRfiickéncd slidge

(KISS content in thickened sludge J_ sewage treatment facility used in the workin examples is about
2%, and THE Mdistlire coht&ft is°aBGit §8%%)BafHer Shis nibUntTor@sporids id fahBperaticnicost of
620,000 ﬁn, corresponds to 50 IEL3 of dehydrated cake (moisture content: 85%; moisture content (%
)t of mois% GHE G bistUre P WaIght o 15583 5OE00Y  ARd- orrspoREls fo tresteRecast of absut
800,000 yen (total: 1, 420,000 yen ), so that- the cost saved corresponds ¢ 1,420,000 yen/yeai . If
calculatigﬁ i§ Yrid tAGRGTRE d@ﬁd@%i%@%d‘ﬁﬁ%ﬁr&% betiveen!Aprin2069 anislafety, 2010
(2009 full year) as 62%, the savable treatment cost can be predicted to be 1,760,000 yen/year.
[OOG81TP%W§ig%‘\l‘BF Wy SRdYEIE MBaslired i akcotddnde Witk SSPL-2307 2 7t6lide TREASWing
method, a given volume 200 ELL) of a sludge suspension is filtered through a glass fiber filter (pore
diameter: Tpnt Hametsr-20 toBGH ded at 205 t6 LoD RIre hbiir arief aftew!in eadsieeator (for
about 1 hour) , followed by calcni ating the weight from the following formula. [00691Amount of dry
suspeno‘é%lrséjifﬂy(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 P4 Usual WO% meadfefiehtle that together with the sludge flocculant

and the nutrient, one or more nitrogen sources selected from the group
consisting of urea, ammonium sulfate, ammonium 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 with
the device, and the nitrogen source in terms of N, is added in an amount
of 0.1 to 15 g based on 1 g/1 of MLSS in the sludge retention tank
30 equipped with a device, and is added in an amount of 1 to 150 mg
basedon 1 g/l of MLSS in the thickened sludge retention tank 50 equipped
with the device, with the proviso that each amount is an amount per
cubic meter [m}} of each tank and per day.
[0053] The wastewater treatment system of the present invention
is a wastewater treatment system comprising, in a wastewater treatment
using the aforesaid activated sludge process,

installing at least an aeration device selected from an aeration

device and a stirring device in the sludge retention tank 30 and/or



is carriecégy_%lﬁ' g aMLSS meter(equipment omea e MISS concentration (mg/l,) utilizing light
scattering. phenomenon) . [0071]The "thickened sﬂdge" 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 inpl/een%gg Ciﬁfaggl'catile (yot only to gewagg tr ag;aent but also to livestock wastewater
treatment, night Soit Treatment and dther wastewatsl tréatmiéntd Sieh%s foddindtistfal wastéwater
treatmerg and therefgre,.i%s gﬁgli able in various field%i [0073](10) Decrease in a QTOSS yield
coefficieRt of Sfudge™® "in'the'caSE% %eféa({?f?t;%h?cht 4S8 5°8ESign VAIGE foFaYGtosS Yidia toef cient

of sludge of 40%, and an actual.gross yieldcoefficient SF-2327 28 of sludge of not less than 90%, the
Gl GERMEERL of Y g can b8 te {tiare3son {007
gross yield COEHIERRT of STudge Can be Jelbidased 1o ot Hofe than35%. ef& 'db<igi dalue for a
gross yield coefficient of slydge" is calculated from alue obtained in experiments made by each
d coefligjent of sly ul
treatme.n"n: 1V coR frictionCompany it aécordarice 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
ddin %i g ]
e, it is though t tRe Upper it &F He gross gl cobtficrert B shidge 794095 (oniideted s be a.

reference value defined by Japan Sewage Works Agency) [0075]actual gross yield coefficient of
yall g

sludge” i8caltlatéd Fom vahies obthin&d by’ rufiifg THE treatritnt 1a4it b§ e FRGfty"miaRagement

company (to which ra g ent is entrust.ed by the local self-government). ~gross yield
coefficieﬁ Bf SfubyeSis ChicUlAted front THE FofowmeFtormuta. o7 7iGdss ieid cbeficiert o sludge (1)
= 100 xweight of

t’ng device, and

maintaining the number of genus Bacillus bacteria in the tank,
to which the sludge flocculant and the nutrient have been added, at
2.0x10° to 111x10° cfu/mL.
[0054] Inthe wastewater treatment systemof the present invention,
it is possible that the aeration tank 10 is composed of two or more
tanks connected in series, andina first treatment tank 12, an anaerobic
treatment to perform only stirring without aeration is conducted, and
to a second treatment tank 13 and its subseguent 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
sedimentation tank 20.
[0055] The sludge flocculant and the nutrient in the wastewater
treatment system of the present invention are the same as the sludge
flocculant and the nutrient that are preferably used in the wastewater

treatment system (B) of the present invention, and the amounts thereof



increased —I'é%gez (kg in terms of dry matter) /amount of removed SOD (kg) Brief Description of
DrawingsE[z07 ] [Fig. 1] Fig IisaviewschematicaiIyzc,gowingbasjcoonstltution "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]%%”. 4 is a view schematically
showing Teturn of E/Fana%eaé’n%ho 5 & fréatt 3%5 Athe waEteWhter treédtment method

a flow ot excessasS.Fu%ﬁ
or t.e present inyention,and this is applicable 70 any of Figs. 1 to 3. .7schematically showing
¥ %hgnl % %

Ste? Freatiert v ﬁf}% 3)Yof'the pre¥edt invertion. dh this

. Tes nvehtion.
COI’]S'[I'[UIIIDOI’] o??anl%s- 1Ised In l:[]he wastewater treatmentme

figure, (a)indicatethatstirredand retainedsludge 31 may be thickened by a centrifugal thickening
machin§ 60; ac% %ﬁ%%grge‘éf% IE%ttlt{;)}rqésdgéiznv ? nég %%JBES §%ﬁ%§f8§daﬁd\ﬁgg%nff5\ﬁpﬁﬁtboélsludge

a
etain
thlckenlr%%rt&nlém. An embé)dlm%nt \%ge ein an aeration tank 10 of Fig. | is applied to such a

r
i 6S dentical With &h &mbBdiient bfaontmous teatment

continuous trea?m%%}ljég%%own n FTT

wherein and Fig. 4 are combined together. [Fig. 6] Fig. 6 is a view schematically showian embodiment
Whereinaéqncga{e:}r%t R'tanKk 10" Ef&]@tg{éecgﬁ?%i %e&]%?ﬁ%ﬂfra? fr%aﬁﬁ?erﬁafaﬁk%saﬁg“ﬂ?&é@ 5Pflied to a

continu%yassgggggrgent Fi%Fi . 7is aview schgmaticallﬁ showing constitutiofn_ of tanks of
thewastéwatertreatm et Mo the présentinvehfioR ~SSEnt invention.

ertreatment
[0056] The method for measuring pollutant decomposition activity
of activated sludge microorganisms comprises calculating a SS removal
ratio fromthe following formula (i) usinga dry weight (X) of a suspended
solid [SS] obtained after bacterial inoculation and cultivation in
the cookedmeat mediumand a dry weight (Y) of SSobtainedafter culturing
without performing bacterial inoculation in the cooked meat medium;
SS removal ratio (%) = {(Y-X)/Y}x100 (1)
thereby measuring pollutant decomposition performance of activated
sludge microorganisms contained in the aforesaid seed bacterial floras

or in the aforesaid pollutant-highly decomposing bacterial floras.

Effect of the Invention

[0057] The wastewater treatment method (o) of the present
invention makes it possible to greatly increase the amount of treatable
wastewater (treated water BOD removal ratio: not less than 57%, SS
[suspended solid] removal ratio: not less than 67%, T-N removal ratio:
not less than 15%, in terms of annual remcval ratio), and the method

has extremely excellent effects, that is, surprising reduction (50%)



used in tgg_\/\éo%ipg examples, and each of a sludge retention tank 30 SF- 36 and a thickened sludge
retentiontan has an aeration device and a stirring device. Hereinafter, returning of stirred and
retained sludge 31 from a sludge retention tank 3.01to 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 EFstiftel! thick eredtSand retiified SITHGE $1 ORTR thickERetrSltageTeteitidn tank 50
to a sludge retention tank 30 is also referred to as " -eturning [0079'The embodiment of Fig. 7 iS
identical with' an embodifieRt st %{Js%ﬁ%e%%%bﬁW%éﬁoﬁr‘éﬁ%en‘f‘%&ﬁ?@ﬂ@&ﬁﬁ ®ig. 1 are
combi d t(égeether:. V{EE{; 81 Fig. 8 shows 16S fONA base sequences (1,510 hp) of Strain C, Strain
D, Strairr EammE .S i REdeSignates A (adéfine F6PE (guaRthe): ASEqis a5 the head
5'-end 19 bases and a sequence of the 3'-end 16 bases in ftc base sequences indicate base
sequences CorreSporHifg fo & SEiifencE 6919 BRnferaiidla seyuetice G £510R Drimer, téspectively.
Best Modes for Carryi.ng Out the Invention [0080]The wastewater treatment method (a) of the present
inventiof? s d85CHed BEIGW i inbre CtaiT Wit reféreritd t67igL 1 to'Figha of the Attaheddiawings.
[0081]Wastewater treatment method (a) SF-2327 ~ When wastewater, such as sewage (e.g.,
sewage ahd d6rmEsacWastehiter) HiahoratdryhaStewatBr Sk EtriaP wastelrdter Y v sfock Wastewater
and sludge treated water, is treated using activated sludge, of activated sludge microorganisms
is decre256d WiShHroGraed 6 e Feaimeht ahd Ao UBIES SUdHaB TRVRISpiert ot Ha sirlefls of
ammonia Of hydrogen sulfide, occurrence of foam and floating matters called scum, and inflow of
them intBan-&ffitreht, S e BrotghR EbBHE T 0O L IFrehimertmethdds bf coREHESIS fy & 8eguencino
batch reactor t'te and CD type. Because of these troubles, treatment efficiency .is seriouslydecreased,
and besides! WHer ‘qualif ofthe disehatgetrwastewater is I6Wered, Various calisesot themtcan be
considered, and above all, it is thouat that raw water la (wastewater) introducedintot attanks (2a and
3ainFKf%5%ﬁ%h@myﬁﬁﬁ§ﬁ§rs after the lapse of a given time, and a

pollutant-decomposingmicroorganismgroup havingmuchhigher pollutant
decomposition performance is derived. It has been found that in this
pollutant-decomposing microorganismgroup, molds and yeasts of natural
origin are also contained.

[0058] The wastewater treatment method (B) 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 activated sludge microorganisms.

[0059] (1) Pollutant-highlydecomposingbacterial floras derived

from seed bacteria

By performing the wastewater treatment method (B) of the present
invention, bacterial floras having high pollutant decomposition

property are derived from seed bacteria, and further, even if seed



growth ?}‘i,lgigog% ?ubstancnhihitcrowthof e activated sludge microorganism grouc, and therefore, the
activated sludge treatment ability is rapidly decrea;gd to lower the progress and the efficiency of the
wastewater treatment. [0082]In usual, withdrawal 6f'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 ambount of sludge is accumuieted, the sludge is subjected to tniccentnc, ation, etc. and then
discharg8d- This WitharaWar i€ A0tomatically PEHERMEd 161 B Givertpeifod df e Jo03]fthe
wastewager treatr}?e t mefoqrod a) of the present, SF-232.1 inver ion, the amount of the excess sludge
withdraw & iR THe FAhGS of Abdut 16 153895 bf 1he RASRWAtEAthariS being treated in SdcH t
treatment__ tankf actjvated sludge treatment of any type is used, and when the amount thereof is about
15 tothe Se?ﬁgeﬁgy %Soz?j,kf?r uSTA, thE below Hestribed fetirinG of Sirark anidtt CBttésponding to t.
e amount of this sludge withdrawal is performed at the same time. 4As shown in Fto the sludge
withdraw™ haYihg Béen aeratéd and SirrBaTs retiftad fron & Mirst excess slidge Bk bt skidge
retention tank 12a equipped with aerator and a stirrer" (e. g. , first excess sludge tank 8a equipped
with at Iedaes?%{ﬁp%gr%\%if) ‘%&ﬁ(?@ SEleCBiFr O an Serafioh device Sl stirfifiG devies % perfdrm
aeration and stirring) to a treatment tank (aerati.on tank or anaerobic tank) (“first s a. udge returning
step”) . BY VifUBBY this! activated SRfdge fredimant can terdtabl 2 paffomicd While FediAtaifing the
number of microorganisms (index: pollutant-decomposing genus Bacillus bacteria) having higr
poIIutanl‘decomposition property in the treatment tank at 2. OrlO to 22.5x10 fu/mL. In the case of a
standard method (similarly to the sequencing batch reactor method) the amount of return sludge in
the first sIUdge returning'Step i§ﬂ‘?tﬁ@%ﬁd@%ﬁ%%%’@%%%f@%@ciﬁﬁ 7%, Bf #F€amount of
influent raw water. This first sludge returning step is important for the ennancement of efficiency of the

wastewater freatrient By ftig-aciivated ke freatiment WhildiHafitamingtresnanfser of

microorgbanisms (index: . . o
acteria (described in detail in the working examples), plural kinds

of bacterial floras (genus Bacillus bacteria, molds, yeasts) having
pollutant decomposition activity of the similar level as that of these
seed bacteria are derived. Since plural kinds of microorganisms are
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 reduction

The amount (dry weight) of sludge 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 x dry weight of increased sludge/amount of removed BOD).

[0062] (3) Improvement in water quality of treated water

The treated water BOD can be improved by not less than 57%, the

SS removal ratio can be improved by not less than 67%, and the total



SF 2327 33 poal to --decomposing genus Bacillus alrfteria) having high pollutant decomposition activity
in the seagé ¢ifig 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 tol.5 times the amount of the influeroa Of is nocessar, [00851the
wastewater trédfment meth S i) 6t thepregsht iVeRtion . Sitdge returhitiy (‘Scend3hidye-feturning
step” Wa in Fig = from a "second excess sludge tank or thickened sludge retention tank 13a equipped
with an d6tatoranda &P 3G, SeRBAd SIIGGE Benk JACHR TeHSINTIAG dethfion ARS8 a "first
excess sludge tank or sludge retention tank 12a equippedw4 than aerator anda stirrer” (e.g., first
excess %%Wéié?wmi%égﬂaﬁm%ﬁgtirﬁﬁ& i§ ‘caredBift. Theamdartsidhe refurn
sludge in this second sludge returning step is in the range of 15 to 60%/week preferably 15 to
25%/weeK Dased bRtHE amodhEor shifdgein the TaHICT24. ¥Whéeh GRoweR of antaéfivited shitige
treatment micrqorganism croup is inhibited in each treatment tank and/or the tank 12a, for example,
when thé htimberoftjéHis BAENGS Hatterid tas B HHEERGR thEdank 4 23 RIEcTE&Sed to not more
than about 7.5x105 cfu/mL, this second sludge returning step is extremely effective for regeneration
and recoVefy of the activeted STiltigelfré g 518 R BEtheSactivated
sludge treatment, filamentous bacteria sometimes spread to Ss'-232s 34 cause intibitlon of growth of
an activated sludge fréatment Mhicroo raRisT GFoRp THeSpréssit ifveRtrhas fouhd TRACAISE in this
case, this sludge returning from the tank 13a to the tank 12a extremely effectively serves to inhibit
growth of thé fitfimertoushas beehtaido foling that by Virtieterthis rnoveland Bigietsoliutant
oecomposu.tion activity of the microorganism group in the activated sludge treatrent.tha of the seed
bacteria exhibited SMoréoier fa RGtableRact that e Gz of pollitantslis decréasedasyiperforming
this second sludge returning step has been found. 1086]In the wastewater treatment method (n) of the
prase ineRtiér, actieteesiudgedréatiiehtas performethihilé thherraberefpoliaart-décomsing
Bacillus subtiliewhich is an index strain of- bacteriaofamicroorpanismgroup having high
pollutant3¥éedmoosition 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,
BacijlussubtiisStrainsandBacjifiis! sightilis SteainrC cwhicseéd 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 examplég Sieré tsedi By tHerhéthbd descRbed incEzampied,tEtraing Stetin B2 Strain 0,
Strain D, Strain E and Strain F proved to be pollut t-decompoAino [0087] When the aeration level in
thetank@&%ﬁ%ﬂ%&ﬁe§§éd@ﬁ g85:23prmed with high efficiency and high quality as

21 ;“luhli Slabraibis

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 or 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 (B) of the present
invention can be carried out without repairing the conventional sewage
treatment facility or by making small-scale repair. As a result, as
compared with the conventional method, sludge reduction is possible.

[0066] (7) Inhibition of growth of filamentous bacteria




35 of 14gég§§9{nv 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%gne, 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 t%kgéa slud‘géahret% t{;nk, a slucd%e thickening tank and a thiccened sludoe retention
tank. [0089]Figis a Schematic View showilg only a flow otstddge retutRingan the RasRHAR?
treatme.ﬁggnrgttog a) or tiepresent ing/entioph,_ nd operations conducted, when th.is wastewater
treatment method (2) 15 appiad 198sSTal CEMRLOTE tredtiisht MEthot (g, £ aTRuARSeqiencing

batch rea%toor rrg%thod Fir%. 2) and a ysua| CD treatment method r?f’fzn are described below. [0090]Case
of contintoutreatnieht methst == i the ItiMBIEI A et métiod (Fiy..'5 F&iatly used in a

facility foErOt %a}bng a large_amount of sewage, raw water la is received by a first treatment tank
2a(usually képt to be a@mm%ﬁeﬁ&m&med raw water is

aerated in a secgnd reatm%nt tank 3a and subsequently in a third treatment tanJ 4a and sent to a
sedimentat on taik 63°ahd & SupBriataft tiquid SBtainEd. by oIt Separitioh i StérifZed and
then discharged as an effluent 7a. On the other;hand, a sediment obtained by solid-liquid SF-2327 36
separation'if the sedithentation tank B is Subjectea o S0dge FithdHasm g E4%C Tt arpart 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, 5 18seni1d'a Sludge fickshing tank 10a aRdRlidwed " stafd Bt ihen a
supernat%nt quuid is withdrawn to perform thickening, and the sludgesent to a sludge retention tank
Ha. TheR: & SUpEmatantichid TS Rt WithdF awhto Perfoa thickehitig 2Bt the Sl ddgeisthen
discharged as discharge sludge 14a_[00911In the sewage treatment facility used at present (
irrespec?‘ﬁ@@ Of e tyPEs BY the treatmer methotsT 8hchas tHE Aforésald E6RtRGEUR e, Seguebatch
reactor type and CCtype),, hone of an aeration device and a stirring device are not installed in any of

the sedifieritalieh TEkiHefifs: €Xcass Sud(oP studges weight of decreased dry sludge

corresponded to 7.458 t. This amount of the dry sludge corresponds
to 124 lorries of 3.0 m’ in terms of thickened sludge (MLSS content
in thickened sludge of sewage treatment facility used in the working
examples 1s about 2%, and the moisture content is about 98%). Further,
this amount corresponds to transportation cost of 620,000 yen,
corresponds to 50 m’ of dehydrated cake (moisture content: 85%; moisture
content (%) = (weight of moisture/weight of moisture + weight of MLSS)
x 100), and corresponds to treatment cost of about 800, 000 yen (total:
1,420,000 yen), sothat thecost savedcorrespondsto 1,420,000 yen/year.
If calculation is made taking the predicted sludge reduction ratio
between April, 2009 and March, 2010 (2009 full year) as 62%, the savable
treatment cost can be predicted to be 1,760,000 yen/year.

[0068] The weight of “dry sludge” is measured in accordance with

a suspended solid measuring method (JIS K010214.1). In this suspended



retentionstggl§)3§1 the second excess sludge tank (or thickened sludge retention tank) 9a, the sludge
thickening tank 10a and the sludge retention tank &o{ 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 tanlégg anrgd from,the tantI%Q to the tank ea are not instaiHd [0092]When the wastewater
treatment Method (of the'présent vefitidn & appiiedTo ths SaHtinGSus FeHfiAEnt YRBBpRIatons of
the treatmse?tiiﬁgludedf r example, lnstallin%an aeration device and/or a stirring device in the
thickened sitidge retention 1aAK Ri§ 16 Trake"SE L2357 37 RubpI GFaiforthe Hik aessivle and
returnin92 htslu%ge h ving%bee%} aerated and stirred in the tank Ha to the first treatment tank. 2a. The
amount 6f this rettri Sludgelis 5i the rafde of 5o 15%8dy baSed orftté arhbuireinfiewerthe raw
water la,.and fdrom, the amount of the sludge returning Ya from the sedimen.tation tank 6a to the first
treatment tank 24, an amount of 316°8 time& s lynciP as tHis Tétiirh slGage s sabtragted ietacun.
subtract%d son"{%[im%s varies dependinqﬁgﬂpon the LSS concentration in the first treatment tank 2a) . It
is preferabi@to Add apropér AauHTBFShe or more kinds of a floccula.nt, a nutrient and a nitrogen
source. [%)59 l}(r:lrase of ﬁuencing batch reactor treatment method As shown in Fig.2,la is
received by & first sequeneitg batch FEXcDr PERAGE S80017Y FatHleactbr Bapaisindtsly htshtervals
of 6 hou&s,farzij, dun. ig the period of 6 hours, a.eration and stirring (one cycle) are carried out.
Accordingly, 4 t§&1e8ard Usudily carried ‘out pef 53/ ahdtheiimperst imedland 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 inMeS/cyRE 1hé acratish e Saoutcl.5 RArx2ie Iolee hldfe Etringtimeis about 1.5
x2 Icycle . While the aeration and the stirring are stopped, sedimentation of sludge and discharge of
treated Watet Aré carriedl ot dver a%feridd %g@ 4't6 5'Holifs: 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 tHISSB{entiny batfths SED327T6actor methiodlviil be deserbeeiredatail in the
working examples. [0095]Case of OD [oxidation ditch] treatment metnoct Raw water la is introduced
into an OD 4k 5By 3519l isUsualy inGrevarfsrmteduigsed with e device hiavingiboth
functions of aeration and stirriwo positions and has constitution enabling circulation of raw water in this
tank), and'd6- tirbliated i the taHK 58 fimhicdiately BRerIirreduetion and after half round while beln
aerated and stlrred. Apart of e tank water (suspension) in the OD tank la fs introduced into a
sedimenltatidn tank 6a areFsubjected s Sotidirid Separation. Tieréafer, e supemataht ligaid is

sterilized and then isas an effluent 7a. A sediment ( ludge)
content) obtained by withdrawing water from sludge of sedimentation

tank and thereby thickening the tank sludge.

[0072] (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
asfoodindustrialwastewatertreatment,andtherefore,itisapplicable

in various fields.

[0073] (10) Decrease in a gross yield coefficient of sludge

In the case of a facility which has a design value for a gross

yieldcoefficientofsludgeof40%,andanactualgrossyieldcoefficient



is withdrawn (Xa)} and a part of it is subjected to sludge returning Ya to the OD tank 5a. From a
residue c?ﬁﬁ@%fudge after the withdrawal, a supernatant liquid is withdrawn in a sludge thi.cken.ing
tank 10a to thicken the sludge. The sludge is sent46 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
ODtreatmént tHéGperativiis bf fte trestntélitintlifle Tof exahtpie, Festaliiglan acration evice and/or
a stirring device in a thickened sludge retention tank Ha to make supply of aft to the tank Ila possible
and retufiiRgtteshitfge afchras jeeha@Pa and stiired i 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 tbth&*OD tank 5 5 abiuntcsts3 16 67fhes &9 mach aesthis tetinosiadge ds subtradted (the
amount subtracted someti s varies de on the MLSS concentra the OD tank 5a). It is preferable to add
a propersamiodft of drie oF ficreKkindscst arfictetaht B Hredriehteait a mrogermsedrés; [0897]Prior to
introduction of the raw water 1..a into the fi.rst treamerlt- tank 2a, the segnencing batch reactors 2a
and 3a and-te"OD tankHa, ‘averagiiy sF #aterquaityand concerfratibmepthel tdw aeiteda is
generally carried out in advance in an equalizing tank. [0098] it has been found that by the addition of
treatment’accelératorsineé treatiehtitanke fe fdikd12a and theltankacnraddition torthelstép of
ret.urning excess sludge from the tank 12a to the treatment tank (sequencing batch reactor), high
effects ot liberatify ahactivated slilgetréatmehenieroorganism groapn dach tahk fiomrepstate of
shocking conditions caused by inflow of growth inhibiio substances, recovering

pollutantd&eémdé. &sifgiaeiteria ang: dévelopimgbetteria-havingruehasigherpollstant 8ecomposition
property are obtained. 0099 |Use of a silicon compound or a magnesium compound (independent use)
as the treatment aecefertior saffieientiiresetts &t effect fhutase ofal mixtiré ofealsiticofegompound, a
magnesium compound, an aluminum compound, peptone and a dry yeast extract exerts a better
effect. WieiR @emixtaresofg silieoh-compound, a magnesium SE('-2327 40

[0075] The “actual gross yield coefficient of sludge” is
calculated from values obtained by running the treatment facility by
the facility management company (to which management is entrusted by
the local self-government).

[0076] The gross yield coefficient of sludge is calculated from
the following formula.

[0077] Gross yield coefficient of sludge (%) = 100 xweight of
increased sludge (kg in terms of dry matter)/amount of removed BOD

(kg)

Brief Description of Drawings
[0078]
[Fig. 1] Fig. 1 isaview schematically showingbasic constitution

of wastewater treatment tanks in a conventional continuous wastewater



compourgdg_a?3 IL}minum compound peptone and a dry yeast extract is used in combination with a
nitrogen sourcé, a much better effect is observed. The treatment accelerators are added once or twice
a week. The treatment accelerators added are ad€orbed 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
microorggnisng roup..When the activated sludge treatment nicroorganismoroun suffers growth
inhibition-and shockino conditiéns .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 recoveted. [01G0]In HiAWaSEwafeT trdatent ridthyd 19) 35 the praseritHidmion,
addition of a nitrogen source to the tank 12a and/or the tank 13a is preferable because it is effective
partculart f for ﬁwoégéf BWth drthe SN RARLBEcBRPOSInG At fGorbRnisi groape Asitheariif6gén sources,
peptone, a yeast extract, and/or nitrogen compounds (such as urea, ammonium sulfate, ammonium
nitrate and ammohitim cRIGH He) and Fefif SIicR oM the Peention tamks 24 and 13aiare used
singly or in combination of two or more kinds. Use of a combination of the treatment accelerator and
the nitroagn SOUTER s EfiEctive iortRé oWt oF i pbfittanteriedrigosing microorganism group, and
nesides, it eatly contributes to derivation of a novel pollutant-decomposing microorganism group.
[0101]Next, the wastewater rdatmeérit mdtHod 18y et wastewatdto sHg327 4T fredtrentsyistem and
the method for measuring pollutant decomposition ac_tivitx of activated sludge microorganisms of the
present HVRAIDNATE GESCrbed Sh HEIAIWith Faferénce 16 Figa s 56 61 theitaehied Branings.
[0102]Wastewater treatment method (~ As shown in Fig. 5, the wastewater treatment method (3)
of the préSent invetftich Perdrms Wastdwaterireairhént by comprisgl af dwastevaterticsarmen.,
using an activated sludge process including at least the afor said 5 steps, Instaliir.g at least an
aeration'dévice 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 (l1);

adding a sludge %Jc‘éulz%ﬁ dndPa nUtFENBto’oRY of PhGFEfalS of the BBRIIGIB A E0, thetsladge
retention tank 30 equipped with the device and the thickened sludge retention tank 50 equipped with
the device; AAGXS UTREINtEAINTEHE AURGETST JermaBasHustacterid in thé tahk, torwhichithe sludge
flocculant and the nutrient have been added, at 2.0xTh95 to 111x105 cfuir.M. [0103]Ey carrying out
such Waglpéﬁg,i’e}q&am%@,ﬁ}(l(ﬁﬁﬁgﬁgseﬁ) indicatethat stirredandretained sludge
invential,pollutantsandsrudgeareefficientlydecomposedbybacterial straiand microorganism group
having fﬁéh%‘?&éﬁed@@d’rﬁb%%ﬁ%rm&a zayiap fugal thickening machine 60, and (b)

indicates that 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. 5 is applied to such a continuous treatment as shown
in Fig. 6 is identical with an embodiment of a continuous treatment
wherein Fig. 1 and Fig. 4 are combined together.

[Fig. 6] Fig. 6 is a view schematically showing an embodiment
wherein an aeration tank 10 of Fig. 5 is constituted of plural treatment
tanks and thereby applied to a continuous treatment.

[Fig. 7] Fig. 7 is a view schematically showing constitution
of tanks of the wastewater treatment method (B) of the present invention

used in the working examples, and each of a sludge retention tank 30



property. Of Bacillus bacteri a, a combination of Strain A (starch decomposition property + fat
and oil decompasition property) and Strain (fat and oil decomposition Property protein decomposition
property) , said strains havernationaily deposited, and strains of Strain C to S Ira.in F have starch
decomposition property, fat anti ci decomposition property and protein decompaosition property,
andparticularly,Strajin A + Strain B, and Strains C to F have high Taro decomposition property. Mold of

Strain C aRd yeasts of Stding HEPS HVeRigh“Staréi ecOnipusitioh P6pery ari fat andeif
decomoosition property, but they are iipr to StrainStrain a, and Strain C to Scram F in protein
decompdkitior propty Sihigiefore Gh orBer iE &f adkt fy Hetdrmigose pof tfarshAd sRitiged
(particularly protein) , the number of genus Bacillus bacteria in th.e tank to which the sludge

and the iutiefAfhave B atidedPRetasd b mhairtdinad & 2 GaDsIADs T mESIT1041 The
lower limit of the number of the bacteria is a numerical value determined by analyzing bacterial floras
in a sewdde trealmentTaiifFh EacTplace'andl tKing TtoTdnsiderafibh & gross yisld coetficient of
sludge and the number of genus Bacillus bacteria of experimental plants in literatures. Also n the
experimentalF $&Wage Ishthicrt Fasifiy nowdeing rin Calmostthe 'sarré talhiefieal valueHasbeen
obtained. [0105]60\ctivated sludge process |t is said hat activated sludge is produced when
microorgafisme’ SE-#359 % E BrédshtmtSenagR AR wistevaterexsiosivety! propagatelantgrow
owing to decomposition of organic matters and supply of oxygen (aeration) and by the activated
sludge, drganic poifltants in SBNAGE ARt Wastewater e dekreasat: treatet) t int tdattvaloe
circumstances, however, there are problems in the activated sludge process, such that the amount of
sludge proddcediisiarde ahathe siidge treatinent 65t isHilh1010612 rsthelPreseritapetification, the
wastewater treatment using activated sludge is generally called "activated sludge process". The
activated Sfidgeproteds 58 furthérsistividedSoy the sehnigue te:5applyidxyden to tue
microorganisms(oxygen is ot daringly-supplied temporarely depending pon the system) and the mode
of the subseddént steps%érﬁﬁﬁ@%ﬁ\?@t@&@@é@fr&rﬁ% tigtuire of the siiidge ambwaterc Theatea ' to

supply oxygen is called an "aeration tank
oL a sequencing batch reactor treatment wherein Fig. 12 and Fig. 4

are combined together.

[Fig. 8] Fig. 8 shows 163 rDNA base sequences (1,510 bp) of Strain
C, Strain D, Strain E or Strain F. In this figure, “R” designates A
(adenine) or G (guanine). A sequence of the head (5’ -end) 19 bases
and a seqguence of the 3’-end 16 bases in the base seguences indicate
base sequences corresponding to a sequence of 9F primer and a sequence

of 1510R primer, respectively.

Best Modes for Carrying Out the Invention

- [0080] The wastewater treatment method (o) 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 (o)




10". [0107:In t%yvastewater treatment method (r)) of the present invention, activated sludge is placed
ae

in a water- ta?n ration tank 10) made of reinforced concrete or steel plate, and air is supplied into
the tank by an air blower (embodiment wherein airbubbles 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 | are used as "food" for microorganisms (e.g., seed bacterial floras 2). Since the
same amount of Water ¢ontdiHingthe &tivatéd sifdf¥ss tafor theSHAGENEEEWaGEST Wastewater 1
overflows, this water is allowed to flow into another 44 water tank. This tank is called a sludge
sedimentAtdrtHHk30. ThEEtvated SiGaGE 1l speeitit>gravity Highe? thaf that bvm‘f@ﬁ%nd
therefore, it is precipitated and accumulated on the bottom. The sediment is allowed to flow into a
sludge ré@ntiohtank 36by thie d8e bFaTSih5 bF theiiké BRdi§ teHipBAaRfy refaingd Hetedt and this
sludge is returned to an aeration tank 10 (this called "sludge ret PA series of equipments designed so
that thesE-operations fay beedsitintoasly BaristPoGEare tiSets [BT08TATShBWT il FRfI 53 Stich an
activated sludge grocess tygically includes at least ,he following steps [0109]a step (1): aeration step

wherein Sewde of istElAter L Raviny 315 8chERTEarSxyGarT dermsHd [PANP&F notfessSttiah 80 mg/L

is allowed to flow into an aeration tank 10 equipped with eration device and a stirring device, to which
seed balfBral fiGras 2 WA BB Added Sand the SERRGRe 6F the WasteHdter s aeratdd Eriirst.i rred to
obtain a stirred liquid 11, [01101a step: separation step wherein the stirred liquid 11 obtained in the
stepallowéd t§Hiowrifto £8ddgeisetinténtafish taik 20°8n8 Bliowedto sEmdsirE Sepaiate the liquid
into a supernatant liquid 21 and precipitated sludge 22, and then the supernatant liquid 21 is
discharged 60t of the S§steri ald R effiGERCS, 0118 StEF ) retéftion andTetirming atep wherein

the precipitated sludge 22 obtained in the step (2) is withdrawn and retained SF-2327
reactor type and OD type. Because of these troubles, treatment

efficiency is seriously decreased, and besides, water quality of the
discharged wastewater 1s lowered. Various causes of them can be
considered, and above all, it is thought that raw water la (wastewater)
introducedinto treatment tanks (2a and 3a in Fig. 2) frequently contains
growth inhibitory substances that inhibit growthof the activated sludge
microorganism group, 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 given amount of sludge
is accumulated, the sludge is subjected to thickening, dehydration,
etc. and then discharged. This withdrawal is automatically performed
for a given period of time.

[0083] In the wastewater treatment method («) of the present



in a sludge retention tank 30, and a part of the sludge is returned to the aeration tank 10, [0112]a step
(4) : thic nTﬁd%fép wherein the retained sludge- obtained in the stephi-'udge thickening tank 40
and/or a centritTuual thickening machine 60, and [#413]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 et LeéWage s doiniesticiiastevater s faboraiony-whstewatet, industridiwastevter,
livestockwasrewateranosludgetreatedwater, using the above ac tivated sludge process, there are three
kinds of freafRertmEthé@s, 2 pravi Bus Y deseriset 1011 5iAs Inebiously daserisedithe ¢reatment
methods are divided into a continuous treatment method usually called a "standard method", a
treatmernitifiétHoer calted & sefaencingBateh redctdraiethodearidran (CO treatrhgpe methed:40116]In
the case of, for example, the sequencing batch reactor method, as shown in Fig. 7, there are treatment
equipmehits! of Pranks: ane westewatep s irtrodacedlinto dirst and-secefd sequencing batch reactors
70, each of ich is equipped with an aeration device, a stirring device and a drainage device, and is
subjectefitotsctivated Bldgel SF-282746 gk sequending bafcts teaktersi Z0dawsithdrawn and
transferred into a sludge retention tank 30 (also referred to as a "first excess sludge rank)Thissludge is
further tiek&red retdingdira thickereosludgeé retertion tatkes 0 (alsd referted to asra tsecond excess
siu je properly discharged from the tank, subjected to dehydration and then subjected to landfill 1g,
incineratién BRthelike. time.

[0084] As shown in Fig. 4, prior to the sludge withdrawal, sludge
having been aerated and stirred is returned from a “first excess sludge
tank or sludge retention tank 12a equipped with an aerator anda stirrer”
(e.g., first excess sludge tank 8a eguipped with at least an aeration
device selected froman aerationdevice and a stirring device toperform
aeration and stirring) to a treatment tank (aeration tank or anaerobic
tank) (“first sludge returning step” Va). By virtue of this, activated
sludge treatment can be stably performed while maintaining the number
of microorganisms (index: pollutant-decomposing genus Bacillus

bacteria) havinghighpollutant decomposition property inthe treatment
tank at 2.0x10° to 22.5x10° cfu/mL. In the case of a standard method
(similarly 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%, preferably 15 to 17%, of the amount of influent raw water. This
first sludge returning step is important for the enhancement of

efficiency of the wastewater treatment by performing activated sludge

treatment while maintaining the number of microorganisms (index:



hand, the supernatan iguid in the sequenci batch reactors 70 is drawn up by the drainage device and
dischargqe% i?r@(?.7lntnanycases,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
sewageRtavitig abioeReniies DXygciraemaiir [BE DS bf AbEless thanv80 mpigame May:eoitain
human wastes and swine trine. 0119]BUD of wastewater, BUD of human wastes and SOD of swi.ne
urine ar€§5FeTeraB/Ghothé Farges Bf 80 fo'600%ALAT 7200016 12008 anGkrand 20,000Q0 40,000
mg/L, res ectiveISy. [0120]BCD of the "supernatant liquid 21" is preferably not more than 1% of the
SOD of %g'%é%g‘éf&/%stéﬁﬂa‘f@rlﬂ [ fopt bidep fotdischarge sueh wWastavamricapablic water
area after the treatment, regulations that the SOD is not more than 20 mg/L must he observed.
Therefor€ whéntthe @Q@S@pﬁp@_%@?ﬁgmm In the case of the standard method or

the OD system, a route to directly return sludge precipitated in the
sedimentationtanktoatreatment tankisnecessary, andareturncapacity
of 0.15timetol.5times theamountof the influent rawwater isnecessary.
[0085] In the wastewater treatment method (o) of the present
invention, sludge returning (“second sludge returning step” Wa in Fig.
4) 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 stirring) to a “first excess sludge
tank or sludge retention tank 12a equippedwith an aerator and a stirrer”
(e.g., first excess sludge tank 8a for performing aeration and stirring)
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 group 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 7.5x10° cfu/mL, this second sludge returning
step 1s 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



liquid 21" becomes not more than 20 mg/L, it is orscharged out of the system as an "effluent 23".
[0122]Ae$§f|'gr§aé7vice In the aeration tan 10, an aeration device and a stirring device are ias
shown in Fig. 5. [0123]As shown in Fig, an embodifient 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 stirrifgis petformetind seéofid trédtnfeht danike T8 iamd-its sebseqaertraatmsart tanks, to which
seed bacterial flora 2 are added. [0124.]Bytenporarilvstopping the aeration and stirring functions of
such an Beéfatio &k E0! te deratich taRka0eean by 6566 alssad thedlidge sedimematiohstank 20,
as shown in Fig. 7. [0125]Seed bacterial flora As the "Seed bacterial floraadded to the aeration tank
10, Straif ¥ Straiini E.5antf Straif [C aré preferablyiiséa k0126 14 the straiks! proved teshow night
sell decomposition property, any other strains than a combination of Strain A and Strain  (non patent
literature®t) Efe-SifainyCRave notbéah kKnowr tAlselinernatiodalharemyothermsighesdikdecdmposing
strains or pollutant-decomposing strains have not been known (or have not been specified) . SF-2327
48 [0127]WhéR thevastevrater tréatmeit Hethod offthé presentinyentiors arriedout wsing a
coirnanatson of genus Bacillus cteria and microorganisms other than the genus Bacillus bacteria ( g
Lolds OnéPyeastsy as seeddsacuerial floka e sludgevedactiom (dryoweight; cormparsst te tel usual)
can be raised to not less than 50%, and the sludge reduction ratio in 2007 s 62.75% (gross yield
Coeﬁkjeﬁﬂéﬁ@@@g@@@@g@@@@@nzthatoffjmaseedbacteriaj:sexhibited, Moreover,

a notable fact that the amount of pollutants is decreased by performing

this second sludge returning step has been found.

[0086] In the wastewater treatment method (o) of the present

invention, activated sludge treatment is performed while the number

of pollutant-decomposing Bacillus subtilis, which is an index strain

of bacteriaof amicroorganismgrouphavinghighpollutant decomposition

property in the treatment tank, is maintained at 2.0x10° to 22.5x10°

cfu/mL. As examples of index bacteria of the genus Bacillus bacteria,

Bacillus thuringiensisStrainA, Bacillus subtilisStrainBandBacillus

subtilis StrainC, whichare seedbacteria, andBacillus subtilisStrain

D, Bacillus subtilis StrainE and Bacillus subtilis Strain F, isolation

of which is described in detail in the working examples, were used.

By the method described in Example 3, Strain A + Strain B, Strain C,

Strain D, Strain E and Strain F proved to be pollutant-decomposing

strains.

[0087] When the aeration level in the tank 12a is expressed in

terms of ORP [oxidation-reduction potential], the ORP is in the range



[0128]On the other hand, in an agricultural villeee wastewater treatment facility (OD treatment method
was adoﬁfé'df%%g industrial wastewater did not flow in -this facili.ty), a oonvent.ional wastewater
treatment me od wherein aerEt ion was performeJ’Fh 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, %%rg%i%rif RaSAmed e STdgR T IERBIP AR AN e ah LB &kl avdl €icresrdludge
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 R 250 g of peptsrie: (er ih gt edchitank And pe? Bay IRt AdaeEBas88 61 1 §A%F MLSS
as treatment accelerators. Since t: __ nitrogen content in the influent was high, a nitrogen source was
not added® DaEEHroRT the fiadid 8t Y9y 261016 OBEris0 SZOHT 866/ kot Beraistanie@BReause
failures of the aeration device and the stirring device occurred. As the reasons why the sludge
reductioh t5ti6 d hdt réac 5095 /ethiIS Ea's‘g,ol@\eﬁ?é’ cafbe Bonsidered: (1§ differéhtlyoSE-23827 49
from the wastewater treatment method of the present invention, sludge returning, etc. were not
perform@@, (2§ VAITEY &f-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 pAititants and the*amGurt'of discHaige Srabigetoulinsstbérscisely graspéd, andqa) failures
ireojienty occurtho aeration device, etc. in the facility. Th Strains A to r will be described in detail in the
working ¥xafiples. [6129WheRah xpetimeftal plastwasusedame grosssyiet ducsetiiernk of sludge
was 15.3% (residencetime: 12 to 15 hours, water temperature: 12 to 24C), as described in the non
patent lifefatdfd 2. FroRitHis Valte kit 8an BE Predunad that sladgerrstactivirébnstass than 80% can
be attained as compared with a treatment faci iity having a. gross yield coefficient of sludge of 90%.
From thisSt98 tHétightahat 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"), AR%hidge reductidn is mdre sasifattained tharsirrthencase of usifg veabécaiprrarts. This is
attributable to that when growth Inhibition occurs in the experimental plant, operations such as control
of aeratfohraté ahd withtfavd o silidget ars easiyt mate cdndthefinfisanceseithe mrewth.imhibition
can be suppressed low. [0130]Pollutant-highly decomposing bacterial floras It is preferable that
Somﬂanﬁﬁ%ﬂﬂp@éégﬁﬂﬁﬁgQ@p@@g@ﬁ@} when this wastewater treatment method (o)

is applied to a usual continuous treatment method (Fig. 1), a usual
sequencing batch reactormethod (Fig. 2) and a usual OD treatment method
(Fig. 3), are described below.
[00S90] 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 tank
4a and sent to a sedimentation 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-liguid



SF-2327 50 floras are derived from the seed bacterial flora 2 alapse of a given period of time in e
wastewa%er—téreatment method of the present invention_ (013Ult is preferable that .he pollutant -highly
decomposing bacterial flora have starcr decompo%ﬁion property and fat and oil decomposition property
and have a suspended solid [SS] removal ratio, said SS being contained in a cooKee meat medium
(Oxcid)', of not less than 70% and a suspended solid [SSI removal ratio , saidSSbeingcontained in a
cooked Mt Meditih (Ditdas), OF NoT BEHhaRr 307 The S STeitvHi Fafic, 4188 Béfg contained in
a cooked meat medium (Oxold), is more preferably not less than 80%. [0132]As the cooked meat
medium™‘CHOREDMEAT MEBTIOR™ {6 XE D TOUR ERMEEER Avrtadtared by Dxoid aRd "Bifco
(trademark) Cooked Meat Medium" (catalogue No. 226730) manufactured by Difoo are used,
respectively! [0331The ¢mposttioh BEthe %GB%a%eat HediGit @ORor) (Parfter) i &S foivs: heart
muscle (dry) 73.0 g, peptone 10.0 g, Lab Le=0 powder 10.0 g, sodium chloride 5.0 g and glucose 2.0
g. The conpoStisn b%ﬂ'?@%BQeergﬁéaﬁﬁe?ﬁ% Erhiecy petdito 15 s 6ildws: belihelNéart isuscle (d
8.0 g, protecse peptone 20.0 g, glucose 2.0 g and sodium chloride 5.0 g. [01341:In general, protein
decompaéﬁfa‘ﬁ%éﬁe%ﬁﬁ@de%ﬁﬂgteotW@W&Bﬁéﬁ?ﬁﬁ%ﬁd&aﬁﬂ}&%ﬁiaﬁ prepanty), assirf o™
decomposition property, gelatin decomposition property, etc. However, when casein SF-2327 51 or
gelatin i5U5elF0r BFaluating Brotein etomSosition prépérty, thass aFé niaty aecbaipbsingstrains,

and it is difficult to obtain an index of poll ant decomposition property. Therefore, the present inventor

[an]

has origindiiy-irtr64GEed &vaRiatidiiot profeitdeSshpositicr propefyasife cobkéd Mddtiedia.
[9135]n about 300 mg of a cooked meat medium (Oxold) and about 300 mg of a cooked meat medium
(Slice) Weére &ath SusPEITdedin 6 THE GFFaRT 4fid Siakenfor0iGays; tHeSS 18s.:_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’0€ Gteatly difféferitffoneddrothe? i properties L1ty used at present

(irrespectiveof thetypesof thetreatment methods, suchastheaforesaid
continuous type, sequencing batch reactor type and OD type), none of
an aeration device and a stirring device are not installed in any of
the sedimentation tank 6a, the first excess sludge tank (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) 1la, and any

equipments (apparatuses) to perform sludge returning from the tank
1la to the tank Z2a, from the tank 10a to the tank Za, from the tank
1la to the tank 10a, from the tank %a to the tank 2a, from the tank
8a to the tank Za, and from the tank 9a to the tank 8a are not installed.
[0092] When the wastewater treatment method (o) of the present
invention is applied to this continucus treatment, the operations of
the treatment include, forexample, installinganaerationdeviceand/or

a stirring device in the thickened sludge retention tank lla to make



[0136]it ing_rS%Eble that when Strains to C are used as seed bacteria- flora, the ollutant-highly
decompdsing bacteria contain at least one kind of genus Bacillus bacteria selected from the group
consisting of Strain D, Strain F and Strain F, or co%g{ain 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 | and Strain T. [OlS?éThe cooked meat media can be decomposed by limHted stcz and for
example” §aRu¢ ClodtriBiilim bAGtEAa ‘genasFBACErd RiBACte: Yehtidiskhfa TidBattéria) 6te. are
known. Ehese ollutant-highly decomposing bacterial floras will be also described in detail in the
working 8%arh185 2013818 flidye ioEEuEAt Gfdl hfent: 3F:9357%53 1 rst By sadime s shulye
flocculant and a nutrient (both being also somenlhas referred to as "treatment accelerators” simply in
this spegﬁCatigﬁft@ﬂ?élﬁEr%ﬁhﬁéﬁkrfb?‘éﬁ&i fHe'Siage°retBntioh taAkI0 equipped with e’ device
and/or thethickened sludge retention tank 50 equipped with the device, said tanks 30 and 50 being
eaugpped With CTIeddt £ a8 Rtion BEVIRE sSIBCEF fioH aF hBFatién devicd B8 &%, ATREtevi cc,
efficiencyof the wastewater treatment can be enhanced K11391A nitrogen source is preferably added
to the slidge YetEntio tahk 30Feqiipped Withthé eevicd BRalsrithethickenéd sladgesretértion tank 50
equipped with the device together with the sludge floccalant and the nutrient. [0140]The sludge
focculant préferaniy E@rﬂﬁiréaan AR ‘cothpduha, Snbi&'ss.. 260 epsi d-Bha/dremagnesium
compound. The nutrient is :of era I¥ peptone and/or a dry yeast extract. The nitrogen source is

preferably SR8 BHE SUBSTERT €< 86I6Gted TFoM Ry, © §FOuR coTTatst Hep 6 (rEACArARTeTIGA SUIfate,
ammonium chloride and ammonium crate. [0141]The amounts of the above compounds added based
on 1 9/1%619 nikéd fiGuor SGEFERGEE sbhiE [MESSS athivated slaagasioating hatters in Alixéd liquid in
aeration tank] in a tank are set forth in the following table (each amount being an amount per cubic
meter f wﬁ%%ﬁlkéﬁd%%rﬂ%%ﬁnES%%%ﬂfofam?g%&i\Méa%ﬁpd‘gﬂéW%Wa@ef locculant,

a nutrient and a nitrogen source.
[0093] Case of sequencing batch reactor treatment method

As shown in Fig. 2, raw water la is received by a first sequencing
batch reactor 2a and a second batch reactor 3a alternately at intervals
of 6 hours, and during the period of 6 hours, aeration 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
aerationandthe stirringarecarriedout 2 to3times/cycle, theaeration
timeisaboutl.5hrx2/cycle, andthestirringtimeisaboutl.5hrx2/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. 1In addition, withdrawal of sludge is carried out.
[0094] The operaticns conducted when the wastewater treatment

method (o) of the present invention is applied to this sequencing batch



in the aeration tank. SP-2327 54 [0143]Wastewater treatment. system As shown in rigs. 5to 7,
the wasteivatertfeatment system of the present invention comprises, in a wastewater treatment ucd. g
the aforesaid activated sludge process, instz%’llng 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 (1) and/or (11), adding a sludge
foocculaht and A nlifitdHtto"one  of oS EMKSS the 4&7ation ik 10 He'Siudge TéEktoRtan1c. 30
equipped with. the device and. the thickened sludge retention tank 50 equipped with the device, and
maintainif the number 07 H2nts Bicilla baRteridlin theahk TS A Sidg@ Ci.. occulant and
the nutrient have been added, at 2.0xn05 to 111x [0144]As shown in Fig. 6, an_ embaodiment of the
aeration tank 1077%ed 7t fife Fasewatertrestfte M@%Qﬂamaﬁligb@o% t6a Convehfibifal

continuous treatment, in which two or more tanks are connected in series, and in a first treatment tank
12, an ahadropic tréatment e carféd chf Sy ByPStitring WS &t afoh, GrPid d §8cdndtréatment
tank 13 and its subsequent treatment tanks, seed bacterial flora 2 are added, and aeration and stirring

are perf6rhiedl B19B]°RS! sHowirt i 8, By temperarity Stshpify The S&ration- SE-2327'55 tafibe used

also as the sludge sedimentation tank 20. g01_46]Compounds used for the sludge flocculant, arid the
nutrient circulation of raw water in this tank), and is circulated in the tank

5a immediately after introduction and after half round while being
aerated and stirred. A part of the tank water (suspension) in the OD
tank 5a is introduced intc a sedimentation tank 6a and subjected to
solid-liguid separation. Thereafter, a supernatant liquid is

sterilized and then discharged as an effluent 7a. A sediment (sludge)
is withdrawn (Xa), and a part of it is subjected to sludge returning
Ya to the 0D tank ba. Froma residue of the sludge after the withdrawal,
a supernatant liquid is withdrawn in a sludge thickening tank 10a to
thicken the sludge. The sludge is sent to a sludge retention tank 1lla,
then a supernatant liquid in this tank is withdrawn to thicken the
sludge, and the sludge is discharged as discharge sludge l4a.

[00%96] When the wastewater treatment method (o) of the present
inventionisappliedtothisODtreatment, theoperationsof thetreatment
include, for example, installing an aeration device and/or a stirring
device in a thickened sludge retention tank 1la to make supply of air
tothe tank 11apossible and returning the sludge, which has been aerated
and stirred in the tank 1lla, to the 0D tank 5a. The amount of this

return sludge is in the range of 5 to 15%/day based on the amount (inflow)



in the wagée_\%%t%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 followihg FormUR’ (ij G5ig & Ury Weight 67) bP33%BtaiNed Altér Barte ¥ T inGEUETiGRAntieulturing
in the cogked meat medium and a dry weight (Y) of SS obtained after culturing without bacterial
inocuIatigﬁ?ﬁ“tht&%oc?ﬁéidrﬂﬁ?égt%éa{brﬁ?%% femobal Fatic ) C3PE-®THerbGieteby thedstifing
pollutant%iecom osition performance of activated sjudge microorganisms contained in the seed
bacterial Hora% 64T THE PEIfutAREHiGHTY dee dHifSs iy DEIEAAT ABrashe s Wdthed  §@rch
decomposition property and oil decomposition property are also preferably taken into co, ideratic
[0148] The HietHddS o heas P g Stard dEsdmposition propaty ahadil- d8cdmpositioh property are
described later. 101491The SOD component removal ratio can be measured in SF-2327 56 briefly
describedbelow! [01507FRE GRS SFAisS8Ned BX5§EnTBOT Contaifdd if teSPRatéi aRd dhsumed
by microorganisms_(cultured 25days) is measured, and the amount measured is expressed in mg/L.
Ph rst, tWo “6Kygeh-BBitles® of Rhowr Voldhte fe.§t F266FALFSH Bfepared 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 tWOboltles fo first EBRcEAtrliohC A Gimeh aftoltint(e.8", 40t2d) oftest Watetds intFéduced,
and the space of each bottle is filled with diluting wat..er Likewise, test water, in a gradated amount by
1/2 (e.q. S ZOMIFTS ddtietl tora pairofSagebotiessand o space of éachbotte isfifed With diluting
water to prepare test water of each level concentration (e.g., 10 mi, S mL, 2.5, etc..) . After 5
minutes, tHe"@Mbunt of BisbREd Exyge TATMGIERT bheE Sotile CRTEAE BRlGHOR |6Velis téasured, and

the other bottle in ach level is closed, followed by culturing at 20C for 5 days. After culturing, the
amount YfdEssolgeds generally carried out in advance in an equalizing tank.

[0098] It has been found that by the addition of treatment
accelerators to the treatment tank, the tank 12a and the tank 13a,
in addition to the step of returning 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
inhibitory substances, recovering pollutant-decomposing bacteria and
developingbacteriahavingmuchhigherpollutant decompositionproperty
are obtained.

[0089] Use of a silicon compound or a magnesium compound
(independent use) as the treatment accelerator sufficiently exerts
an effect, but 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



oxygen i Er}l%ags ged, 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 BOO value is calculated from the ecuation: BCD. vat =
-3) x dilution ratio. When seeding in performed, thé 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-232713 e tolfowity ExampleBut RBRBHY beRonstiie dthathe FréseRt ffvertioRds in e way
limited to those examples. "PL ES '0, 2At the beginning of December, 2006, seed bacteria were

added, tH&f the WatBRARE tHeRmTdRt nethdd 'of 9rE presémSnventiohiwas stafed Shacactivated

sludge treatment was carried out in the following manner. [0153]The sewage treatment facility (the
Public SEAGEWdrk NaGahifé BiifticaioreharkigenieAt CeHierh Niteo shi NaGaRouasy used in
-moles was constituted of two sequencing batch reactors 70 (maximum volume of each a k: 365
m3)sludge Tetehtioh ek SO TRasRURTOIFHESA0mME) dtRrthickbrad Sitefge reteRfdRiank/s0
(maximum volume: 20 Trc"), in each of which an aeration device, a stirring device and a treated water

withdrawHl devicd Wérdihsidied, dritbacentiuddl ickening hracmng 60 Rlidge CarFbetsickened to

at most 4.5 times and is thickened to 4 times on the average), as shown in . 7. 10754]in this sewage
treatmentTagility, &device toretditr shitige e ARPESILAE FEtBHRIAaRK SR B S sequercigbatch
reactor 70 was only arranged (in usual, the device to return sludge is not arranged in a sequencing
batch reS&torRypetréatrheRerakility): ahd it Suagereténtion1ank B and tHeotmckehéd siudge

retention k SO, any of an aeration device,astirringdeviceandatreatedwater thdrawal device was not
a”ange@;owthlnhlbltlonandshocklnqconditionsinegchtreatmenttankand/or

the tank 12a, the treatment accelerators are added every time, whereby
growth of the activated sludge treatment microorganism group can be
recovered.

[0100] In the wastewater treatment method (&) of the present
invention, addition of a nitrogen source to the tank 12a and/or the
tank 13a is preferable because it is effective particularly for the
growth of the pollutant-decomposing microorganism group. As the
nitrogen sources, peptone, a yeast extract, and/or nitrogen compounds
(suchasurea, ammoniumsulfate, ammoniumnitrate and ammoniumchloride),
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
growth of the pollutant-decomposing microorganism group, and besides,
it greatly contributes to derivation of a novel pollutant-decomposing
microorganism group.

01017 Next, the wastewater treatment method (B), the wastewater



SF-2327 58 [0155]Meth, such rou s to perform sludge retuning i) t as described previously were newly
arrangedg.EfG g)é&u her, an aeration device and a stirring device were newly installed in ach of the
sludge retention tank 30 and the thickened sludge4r%tention 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
ccnoentraticort iffke thickeRed™d thE ftenich 1aRK S ReHot REah 15 BB O RigIIPaération tannot be
normally carried out%{OlS?]The amount of inflow of sewage or wastewater] ( al so referred toes
"rawwatéf® hefeinafter) Was 184 &/ day 0 B) for P4 9 37daY P2000F &7 @ B residférice titfle was
&gnat 4 days. Inflow of w water was changed at intervals of 6 hours, and operatibna of 4 cycles a day
were cartfed 86€ FhtB5€hcyde taeratlitrt AntPSHFRGGT tvib tikees (fotaP 8 1ourd)Svare @6hdGcted, and
sedimentation of 3 hours and discharge otsupernatant.. liquid 21 were conducted. The. reason Ls that
operatiofi$ tihtle? 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 (usuéWQé@ to 280 m HHeh the ‘geratidir Tdvelft il slbtige 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 sludgé‘SSELP327 +6-7ekd50 Was eRpress ' t6im GFORPS e ©RPAWasiB50E the

present invention performs wastewater treatment by comprising, in a

wastewater treatment using an activated sludge process including at
least the aforesaid 5 steps,

installing at least an aeration device selected from an aeration
device and a stirring device in a sludge retention tank 30 and/or a
thickened sludge retention tank 50 and performing the aforesaid sludge
returning (I) and/or (II);

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 retention tank 50 eguipped 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
2.0x10° to 111x10° cfu/mL.
[0103] By carryingout suchwastewater treatment (B) of thepresent
invention, pollutantsandsliudgeareefficientlydecomposedbybacterial
strains and microorganism group having high starch decomposition

property, fat and oil decomposition property and protein decomposition



-100 mV (usually -300 to -100 mV). [01591By the use of the centrifugal thickening macl.line 60
thicken sﬁfjd&eg%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 20052 but in 20009, 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
conventiohaPstandardProCess dimris 10 0°309¢ iR the 36GUEHEIRG batchirdastor pfo€ess.0n the other
hand, it was about 12 to 16% (corresponding to 2.7 to 4.1% based on the tank volume of the
sequendiiig BERIT L6 705 The! examipies! 2016 e amburtoRetRarsludgethIhs siddge
returning (ii) based on the amount of influent raw water is 1.6 to 6% ;correspond to 7.5 to 30% based
on the t%n k\otihe B thestaage ratehtion farler Ly + Rrfaefity: quippedstia siueerthickehing
machine. On the other hand, it was 1.6 to 2.8%/each time-twice a week (corresponding to 7.5 to
12.5%/eaehdinié fwicesa Week Bassd onithetank volume lof therhrdgeretention 1aaR 0¥ onfthe
average in the examples (see Japanese Patent Laid-Open Publication No. 189991/2000 and
Japanese-PatehtL did-OpenPubliéaicn N6 216 789/2008% ]01 62| Fxarmple v, ComparsdivelExample 1
SE-2327 60 s udge tan 13a shown in Fig. 4, both being capable of performing, aeration and stirring,
andadei€ecapalsiesfpetforirineatirstsitdgeretiiming SsteprVe swéreoihstalierkinta segiéncing batch
reactor type activated sludge treatment apparatus shown in Fig , and the apparatus was used. [0163]
In Compatative Exaiiple £Laseqdenciigbatch reactbbtypelactiated Slodge fréatmentapparatus
shown in Fig. 2 was used, and the results obtained from the begin. g of January, 2005 to the end of
Decembét 2005 aré Set fortRPERE first Bréess Sldge: fetentiond. ank easand thé setonadrexcess
sludge tank Comparative Example 1 had no devices for aeration and stirring. In this period of time,
however, e’ appefatas hadradisviee foriliseinnhesudge etuiningstép ahdieapablesofreturnino
sludge from the first excess e tank 9a to the sequencing batch reactor. [0164]Into the first sequencing
batch reactere2a anditkhé seeordsseyuerétehieactor 34 each of whigh wac aktreatnment tamk having

C to Strain F in protein decomposition property. Therefore, in order
toefficiently decompose pollutants and sludge (particularly protein),
the number of genus Bacillus bacteria in the tank to which the sludge
flocculant and the nutrient have been added needs to be maintained
at 2.0x10° to 111x10° cfu/mL.

[0104] The lower 1limit 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
cecefficient of sludge and the number of genus Bacillus bacteria of
experimental plants in literatures. Also in the experimental sewage
treatment facility now being run, almost the same numerical value has
been obtained.

[0105] Activated sludge process

It is said that activated sludge is produced when microorganisms



a maximum volume of 365 irS, sewage of Nagamine area, Nakano-shi, Nagano en was allowed ts flow
as raw V\?aqétz, *nd operations of 4 cycles were carried out. In each cle, aeration and stirring were
carried out twice. The facii ity was operated in a tréatment 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 re8Efot 24; the §§é’§r9ifs%%éfﬁﬁﬁ&‘b%*f&?r@é&%‘?séh’t?Jfﬁ(eﬁ?i@f%%é%saé}ﬁd%éoﬁdrfk@él910166;
During this operation, withdrawal of sludge from both of the sequencing batch reactors the total
maximufrPaffStiitdt abot® B 855 12 EnToumitotTetim SitelgeY Pl palHeRufREAaWe /I e ried out.
The amount of sewage treatedwas about 185 613/cay. In the treatment operations, the first sludge
returning St Va6t Iré MakRTUM arttmPEGRBSFOMing E216% bF fevasRantofanivert Faw water
was carried out. When the number of aenus Bs 7 bacteria i.n each sequencing reactor decrees to
about 3xi6 eft€ TTEARBAMotft b Withdravi X Gessisit ecand #is hrivtftit of fGifESludgeiwere in
eased to maintain the nunrer of nollutant-decomposi ng microorganisms ( genus Bacillus bacteria as
anindex¥y Ravk peltdtit detofipositibn activity at 200%105 &5°225 P K10k [01671THe miAbEF of
microorganisms (n umber of genus Bacillus bacteria) in the treatment water (raw water, - eatedwate ),
the Tate? gualitFEODY O the total Rirfcyeit(TN] dnittheliettlcarhsaREBEPRoSSISrusTORiBuUNds [T-P]
were measured twice a month, and a monthly average value was calculated. The resulting value is
expressed il ¥8rms of ana [GAE ave e Talus He AbRTHEr ST mict6orterismat the totaRfdInber of
bacteria and the number of genus Bacillus bacteria were measured once a week. The amount of
influent Feii tater ahtrthed s [oirs an rsva] atios{annadl avetage)-6£SODMITISS &fe 8ét 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")2762 {0168]Thedotd| E&¥ation tirne tpépyéar aha et day) Tn deel treatienttankstissset forth in

Table 4. The ORP was &aintained at 100 to 270 mV (DO: 1.0 to 1.1 mg/L),
to supply oxygen to the microorganisms (oxygen is not daringly supplied

temporarily depending upon the system) and the mode of the subsequent
step of separating activated sludge from a mixture of the sludge and
water. The water tank to supply oxygen is called an “aeration tank
107,

[0107] In the wastewater treatment method (B) 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, pollutants contained
in the sewage or wastewater 1 are used as “food” for microorganisms
{e.qg., 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



[0169]As indexes oll pollutant decomoositionpropertr, theamount of discharged sludge, the sludge
reduction ratic and the gross yield coefficient of sludge are set forth in Table 5 10170]The measured
value- for the numbers of microorganisms (numb%?s of genus Bacillus bacterial! in the first sequencing
batch reactor 2a and the first excess sludge tank 8a in Exampl.e | are set forth in Table 6. For the main
purpose of maintainihg sedimentato property, the MLSS concentrations in both the sequencing batch
reactors{wefeF cbtroHed By indreRSing or tecréasing e Enteunt T giGdge wittidrawn, -and &% a result,

theMLSS concentrations in both the sequencing batch reactors were maintained at 2,700 to 4,300

ma/L (MESS EBhEENIPALIGIHE I BtPthersstuercifg datdhin iEdhparatha EXAripIe 1: 19955 1o 2,150
mg/ML). SF-2327 64 [0172]As is apparent from Table 2, in Examplen spite that the amount of
influent BFYDRTAB WaStewdter Triafkedl increasd et tha TerTovat rafiosb SO D and™55 weree

remarkably improved as compared with those of Comparative Example  SE-2327
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
returning”). A series of equipments designed so that these operations
may be continuously carried out are used.

[0108] As shown in Fig. 5, such an activated sludge process
typically includes at least the following steps (1) to (5):

[0109] a step (1): aeration step wherein sewage or wastewater
1 having a biochemical oxygen demand [RBOD] of not less than 80 mg/L
is allowed to flow into an aeration tank 10 equipped with an aeration
device and a stirring device, to which seed bacterial floras 2 have
been added, and the sewage or the wastewater is aerated and stirred
to obtain a stirred liquid 11,

[0110] a step (2): separation step wherein the stirred liquid
11 obtained inthe step (1) isallowedto flow into a sludge sedimentation
tank 20 and allowed to stand still to separate the liguid into a
supernatant liguid 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) iswithdrawn and retained



67 01/61In Comparative Example |, because of inflow of growth inhibitorysubstancescons ciered to be
industrialWas: ..7ercontaining poisonous substances, the activated sludge microorganism group
frequently became i.n estate of shocking condition%%luring 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’nufiber ot denusBadrT K 78baciéfia teRéept Jantdry 29 afderdisrusmy2e)y ashd
sedimentation was inhibited. Therefore, toe amount of sludaewithdrawnandthe amount of return
sludge were inied&&d Wwherdii thetAumber of genus Bacillus bacteria was recovered to a normal
value. In June, swell of sludge took place, arlc sedimenon property was deteriorated. 'Therefore, on
June 4, JUhe£1, June 18, %ﬁ@z@mﬁ@a@@@m poRIONE6F EdECURAL {BEIy alamiritatehloride
[pad] represented byformula P.,1209H)n'Clerean n and m are numbers satisfying the conditions ofand
m--10) weré added toithe SeqiERciNG bateh FEaetere folfovadsay: Alamingi Ak iesult dine BGbbles
rose to the surface on July 30, and sedimentation property was improved. [0137]The sludge reduction
ratio in EXAPIE | &S 62 7459 Hnd-Was ‘SareHiepatigheras Compared with that in Comparative
Example 1. In Comparative Example 1, the decomposition property was low in spite that the number of
genus Badiftds bacteria Befof€addition 6Esead battetizrwds s exwsordinarilyiargeias abeut 6x105

cfu/mi. SF-2327 68 Table 6: Number of genus Bacillus bacteria (x10 cfu/mL)
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 system.

[0114] Asn@thodstotreatwastewater,suchassewage(e.g.,sewage
anddomesticwastewater), laboratorywastewater, industrial wastewater,
livestockwastewater andsludge treatedwater, usingthe above activated
sludgeprocess, thereare three kinds of treatment methods, aspreviously
described.

[0115] As previouslydescribed, the treatment methods are divided
into a continuous treatment method usually called a “standard method”,

a treatment method called a seguencing batch reactor method and an
OD 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, eachof which isequippedwithanaerationdevice, astirring

device and a drainage device, and is subjected to activated sludge

treatment therein, then the sludge precipitated on the bottom of both



Dane of measurement First sequencing batch reactor 2a First excess sludge tank 12a PomrKs 2056

Dec. 5.05 E’7. fore introduction of seed ba\cteri%6

the sequencing batch reactors 70 is withdrawn and transferred into
a sludge retention tank 30 (also referred to as a “first excess sludge
tank). Thissludgeis further thickened, retained ina thickened sludge
retention tank 50 (also referred to as a “second excess sludge tank”),
properly discharged from the tank, subjected to dehydration and then
subjected to landfilling, incineration or the like.
[0117] On the other hand, the supernatant liquid in the sequencing
batch reactors 70 is drawn up by the drainage device and discharged
intoariver. Inmanycases, therawwater isintroducedintoatreatment
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
“Sewage or wastewater 1” (also referred to “wastewater”, “raw
water”, “raw wastewater” or “sewage” simply in this specification)
is sewage having a biochemical oxygen demand [BOD] of not less than
80 mg/L, and may contain human wastes and swine urine.
[0119] BOD of wastewater, BOD of human wastes and BOD of swine
urine are preferably in the ranges of 80 to 600 mg/L, 7,000 to 12,000
mg/L, and 20,000 to 40,000 mg/L, respectively.
[0120] BOD of the “supernatant liguid 21” is preferably not more
than 1% of the BOD of the “sewage or wastewater 17
(01217 In order to discharge such wastewater to a public water
area after the treatment, regulations that the BOD is not more than

20 mg/L must be observed. Therefore, when the BOD of the “supernatant
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liguid 21” becomes not more than 20 mg/L, it is discharged out of the
system as an “effluent 237.
[0122] Aeration device

In the aeration tank 10, an aeration device and a stirring device
are installed, as shown in Fig. 5.
[0123] As shown in Fig. 6, an embodiment of the aeration tank
10 may be applicable to a conventional continuous treatment, in which
two or more tanks are connected in series. In a first treatment tank
12, ananaerobictreatment isperformedbyonlystirringwithout aeration,
and aeration and stirring is performed in a second treatment tank 13
and its subsequent treatment tanks, to which seed bacterial flora 2
are added.
[0124] Bytemporarilystoppingtheaerationandstirringfunctions
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 flora 2” added to the aeration tank 10,
Strain A, Strain B and Strain C are preferably used.
[012¢6] As the strains proved to show night soil decomposition
property, any other strains than a combination of Strain A and Strain
B (non patent literature 1) 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).
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[0127] When the wastewater treatment method of the present
invention is carried out using a combination of genus Bacillusbacteria
and microorganisms other than the genus Bacillus bacteria (e.g., molds
and yeasts) as seed bacterial flora, the sludge reduction (dry weight;
compared to the usual) can be raised to not less than 50%, and the
sludge reduction ratio in 2007 was 62.75% (gross yield coefficient
of sludge: 28.376%).
[0128] On the other hand, in an agricultural village wastewater
treatment facility (OD treatment method was adopted, and industrial
wastewater did not flow into this facility), a conventional wastewater
treatment method wherein aeration was performed in a sludge retention
tank was carried 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 confirmed. In this
conventional wastewater treatment method, aeration was performed in
the sludgeretentiontank, andintoanODtankandeachof sludge retention
tanks (3 tanks in all), 0.01 to 0.5 g of Al,03, 0.01 to 2.0 g of SiO0s,
0.01 to 0.5 g of Mg0O and 0.8 to 250 mg of peptone (per m® of each tank
andper day) were addedbasedon 1 g/1 of MLSS, as treatment accelerators.
Since the nitrogen content in the influent was high, a nitrogen source
was not added. Data from the middle of July, 2010 to October 30, 2010
could not be cbtained because failures of the aeration device and the
stirringdevice occurred. Asthe reasonswhy the sludge reductionratio

did not reach 50% in this case, there canbe considered: (1) differently
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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 not be obtained in the early stage, so that a countermeasure
could not be taken, (3) the amount of influent pollutants and the amount
of discharge sludge could not be precisely grasped, and (4) failures
frequently occur in the aeration device, etc. in the facility. The
Strains A to C will be described in detail in the working examples.
[0129] When an experimental plant was used, the gross yield
coefficient of sludge was 15.3% (residence time: 12 to 15 hours, water
temperature: 12 to 24°C), 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 facility
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 experimental plant (total volume of 4 tanks: 3.6 m’),
and sludge reduction is more easily attained than in the case of using
real equipments. 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 pollutant-highly decomposing bacterial



8.00 decrease in genus Bacillus bacteria: addition of seed bacteria to excess sludge tank May 14 9.25
8.00 M&)172§382.570 9.50 decrease in number of genus Bacillus bacteria previous week The amount of
return sludge from first excess sludge tank was doubled.

floras are derived from the seed bacterial flora 2 after the lapse
of a given period of time in the wastewater treatment method of the
present invention.

[0131] It 1s preferable that the pollutant-highly decomposing
bacterial flora have starch decomposition property and fat and oil
decomposition property and have a suspended solid [SS] removal ratio,
said SS being contained in a cooked meat medium (Oxoid), of not less
than 70% and a suspended solid [SS] removal ratio, said SSbeingcontained
in a cooked meat medium (Difco), of not less than 60%. The SS removal
ratio, said SS being contained in a cooked meat medium (Oxoid), is
more preferably not less than 80%.

[0132] As the cooked meat medium, “COOKED MEAT MEDIUM” (OXOID
code: CMOO81) manufactured by Oxoid and “Difco (trademark) Cooked Meat
Medium” (catalogue No. 226730) manufactured by Difco 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
Lemco powder 10.0 g, sodium chloride 5.0 g and glucose 2.0 g. The
composition of the cookedmeat medium (Difco) (per liter) is as follows:
bovine heart muscle (dry) 98.0 g, proteose peptone 20.0 g, glucose
2.0 g and sodium chloride 5.0 g.

[0134] In general, protein decomposition property is evaluated
in terms of albumin decomposition property, casein decomposition

property, gelatin decomposition property, etc. However, when casein
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or gelatin is used for evaluating protein decompositionproperty, there
are many decomposing strains, and it is difficult to obtain an index
of pollutant decomposition property. Therefore, the present inventor
has originally introducedevaluation of protein decomposition property
using cooked meat media.

[0135] When about 300 mg of a cooked meat medium (Oxoid) and about
300 mg of a cooked meat medium (Difco) were each suspended in 6 mL
of water and shaken for 10 days, the SS residue in the case of Oxoid
was 49.7%, and the SS residue in the case of Difco was 68.4%. From
this, these two media proved to be greatly different from each other
in properties.

[0136] It is preferable that when Strains A to C are used as seed
bacterial flora, the pollutant-highly decomposing bacterial flora
contain at least one kind of genus Bacillus bacteria selected from
the group consisting of Strain D, Strain E 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 J.

[0137] The cookedmeat media can be decomposed by limited strains,
and for example, genus Clostridiumbacteria, genus Bacteroidbacteria,
genus Serratia 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



11.3 Aug.ro 12.3 17.0 decrease in number of genus Bacillus bacteria previous week ston of sludge
withdrawal andfréturn 232 / 69 [0179] Date of ng%urement First sequencing

By adding a sludge flocculant and a nutrient (both being also
sometimes 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 the thickened sludge retention tank
50 equipped with the device, said tanks 30 and 50 being eguipped with
at least an aeration device selected from an aeration device and a
stirringdevice, efficiencyof thewastewater treatment canbe enhanced.
101391 A nitrogen source 1is 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
flocculant and the nutrient.

[0140] The sludge flocculant preferably contains an aluminum
compound, and a silicon compound and/cor a magnesium compound. The
nutrient is preferably peptone and/or adry yeast extract. Thenitrogen
source is preferably one or more substances selected from the group
consisting of urea, ammonium sulfate, ammonium chloride and ammonium
nitrate.

[0141) The amounts of the above compounds added based on 1 g/1
of a mixed liquor suspended solid [MLSS, 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 [m®]
of the tankandperday). MLSSmeans floatingactivated sludge in sewage

in the aeration tank.
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[0143] Wastewater treatment system

As shown in Figs. 5 to 7, the wastewater treatment system of
the present invention comprises, in a wastewater treatment using the
aforesaid activated sludge process,

installing at least an aeration device selected from an asration
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 (II1),

adding a sludge flocculant and & 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 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
2.0x10° to 111x10° cfu/mL.

[10144] As shown in Fig. 6, an embodiment of the aeration tank
10 used in the wastewater treatment system may be applicable to a

conventional continucus treatment, in which two or more tanks are

connected in series, and in a first treatment tank 12, an anaerobic
treatment 1s carried out 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 Fig. 8, by temporarily stopping the aeration

and stirring functions of the aeration tank 10, the aeration tank 10
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can be used alsc as the sludge sedimentation tank 20.
[0146] Compounds used for the sludge flocculant, and 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 of

activated sludge microorganisms

The method for measuring pollutant decomposition activity of
activated sludge microorganisms of the present invention comprises
calculating a SS removal ratio from the following formula (i) using
adryweight (X) of SSobtainedafterbacterial inoculationandculturing
in the cooked meat medium and a dry weight (Y) of SS obtained after
culturing without bacterial inoculation in the cooked meat medium;

5SS removal ratio (%) = {(Y-X)/Y}%x100 (i)
thereby measuring pollutant decomposition performance of activated
sludge microorganisms contained in the seed bacterial floras or in
the pollutant-highly decomposing bacterial floras.

In this method, starch decomposition property and oil
decomposition property are also preferably taken into consideration.
[0148] The methods for measuring starch decomposition property
and oil decomposition property are described later.

[0149] The BOD component removal ratio can be measured in

accordance with the method described in JIS K 0102-16. The methed is



Dec.17 12.5 14,3 [0180]lLc21121f 2 In Example 2, the wastewater treatment method 6d of the
present inverition'was carried out from January to December, 2038 in the same manner as in Example
1. In this period, sludge returning (second sludge rié@urning 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 12a
was carried ied out in an amount of 25%/week based on the amount of the sludge in the first excess
sludge tahk- §6 181 aoGMHt Bf irfitient 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 ahdthé removal FstisEHETeof ALt F8RA R TEBR BPJ0182FRE TSI NaeratiorAthfe (per
year and per day) in the treatment tanks is set forth in Table 9. [0183]As indexes of pollutant
decomp@Sition Propary, the rRbaRE BE-2957 703t distHafged slddye) the SGage Feductdns ratio and

the gross yield coefficient of sludge are set forth in Table 10. [01841The measured values iou the
r nﬁ@ﬂﬁﬂééﬁ%ﬁﬁgredzfsexpressed‘inlng/L. First, two “oxygen bottles”

numbers
of known volume (e.g., 200 mlL) 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 for
first concentration, a given amount (e.g., 40 mL) of test water is
introduced, and the space of each bottle is filled with diluting water.
Likewise, test water, in a gradated amount by 1/2 (e.g., 20 mL), is
added to a pair of oxygen bottles, and the space of each bottle is
filled with diluting water to prepare test water of each level
concentration (e.g., 10mL, 5mL, 2.5 mL, etc.). After 5 minutes, the
amount of dissolved oxygen (A [mg/L]) in one bottle in each dilution
level ismeasured, and the other bottle ineach level is closed, followed
byculturingat 20°Cfor 5days. Afterculturing, theamount of dissolved
oxygen is measured, and a numerical value in the dilution level showing
a value of 3.5 to 6 mg/L is adopted as the amount of dissolved oxygen
(B [mg/L]). The BOD value is calculated from the equation: BOD value
[mg/L] = (A-B) x dilution ratio. When seeding is 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).

[0151] The present invention is further described with reference



(numberg 9j§§%s Bacillus bacteria) in ne first sequencinn batch reactor 2a and thg firs_t excess
sludge tank 12ain Example 2 are set forth in Table_11. Ebr the main purpose of maintaining
sedimentation property, the MISS concentrations Bdth 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

concentrationsin BotH he SequieREing hafth réactite i €omparative e 1-E 25079521150

mg/calL). 72 Gross yield :coefficient 99'56 00[400p9i O5P5TS CD f7-109V Amount of discharged
sludge invention 18 in no way limited to those examples.

EXAMPLES

[0152] At 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 Nakano-shi, Nagano-ken)
used in the examples was constituted of two sequencing batch reactors
70 (maximum volume of each tank: 365 m?), a sludge retention tank 30
(maximumvolume:4OH§)andaﬁjnckenedsludqeretentiontankSO(maximum
volume: 20 i), 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 Fig. 7.
[0154] Inthissewagetreatmentfacility,adevicetoreturnsludge
from a sludge retention tank 31 to a seguencing 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 tank 50,
anyofanaerationdevice, astirringdeviceandatreatedwaterwithdrawal

device was not arranged.
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[0155] Then, such routes to perform sludge retuning (i) to (iii)
as described previously were newly arranged.

[0156] Further, an aeration device and a stirring device were
newly installed in each of the sludge retention tank 30 and the thickened
sludge retention tank 50. However, the aeration device installed in
the thickened sludge retention tank 50 was used for the main purpose
of air-stirring by setting a pipe to the tank, and the stirring device
was used as an assistant. When the MLSS concentration in the thickened
sludge retention tank 50 is not less than 15,000 mg/L, aeration cannot
be normally carried out.

[0157] The amount of inflowof sewage orwastewaterl (alsoreferred
to as “raw water” hereinafter) was 184.8 m?/day (2005) to 184.9 m?/day
(2009), and the residence time was about 4 days. Inflow of raw water
was changed at intervals of 6 hours, and operations of 4 cycles a day
were carried out. In each cycle, aeration and stirring of two times
(total: 6 hours) were conducted, and sedimentation of 3 hours and
discharge of a supernatant liquid 21 were conducted. The reason is
that operations under these conditions resulted in best sludge
sedimentation performance.

[0158] When the aeration level in the sequencing batch reactor
70 was expressed in terms of ORP, the ORP was 50 to 300 mV (usually
100 to 280 mV); when the aeration level in the sludge retention tank
30 was expressed in terms of ORP, the ORP was -50 to 300 mV (usually

100 to 280 mV); and when the aeration level in the thickened sludge



//////thééﬁ 05 (Comp. Ex. 1) SF-2327 73 [0189]As shown in Tableli,byperfcrmic rett_Jrning
(second sludge Teturning step Wa in Fig. 4) from the second excess sludge tank 13a to the _flrst 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 sequencin ,
retention gank Sé’was expressed in term of ORP, the ORP was —-350 to

-100 mV (usually -300 to -100 mV).

[0159] By the use of the centrifugal thickening machine 60 to
thicken sludge in the sludge retention tank 30, sludge of 3 m3/day in
the sludge retention tank 30 was thickened to that of 1 m?/day on the
average in 2005, but in 2009, sludge of 4.2 to 4.8 Nf/day'was thickened
to that of 1 m’/day on the average.

[0160] The amount of return sludge in the sludge returning (i)
basedcnltheeﬁmnnm:ofiﬂfluentlﬁwvwater“is15Tx>50%(H@ximum:ljsually
70%) in the conventional standard process and is 10 to 30% in the
sequencing batch reactor process. On the other hand, it was about 11
to 16% (corresponding to 2.7 to 4.1% based on the tank volume of the
sequencing batch reactor 70) in the examples.

[0161] The amount of return sludge in the sludge returning (iii)
based on the amount of influent raw water is 1.6 to 6% (corresponding
to 7.5 to 30% based on the tank volume of the sludge retention tank
30) in the facility equipped with 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
thesludgeretentiontankBO)ontheaverageintheexamples(seeJapanese
Patent Laid-Open Publication No. 189991/2000 and Japanese Patent
Laid-Open Publication No. 216789/1998).

[0162] Example 1, Comparative Example 1

In Example 1, a first excess sludge tank 12a and a second excess
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sludge tank 13ashowninFig. 4, bothbeingcapable of performingaeration
andstirring, andadevice capable of performinga first sludge returning
step Va, were installed in a sequencing batch reactor type activated
sludge treatment apparatus shown in Fig. 2, 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 beginning of January, 2005 to the end
of December, 2005 are set forth. The first excess sludge retention
tank 8a and the second excess sludge tank 9a in 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 returning sludge from the first excess sludge tank
9a to the sequencing batch reactor.

[0164] Into the first sequencing batch reactor Z2a and the second
sequencing batch reactor 3a each of which was a treatment tank having
a maximum volume of 365 m3, sewage of Nagamine area, Nakano-shi,
Nagano-ken was allowed to flow as raw water, and operations of 4 cycles
were carried out. In each cycle, aeration and stirring were carried
ocut twice. The facility was operated in a treatment amount (= amount
of discharge water, i.e., amount of influent water) of about 45 m® in
one cycle.

[0165] As seedbacteria, BacillusthuringiensisStrainA, Bacillus
subtilis Strain B and Bacillus subtilis Strain C were added to the

first sequencing batch reactor 2a, the second sequencing batch reactor
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3a and the first excess sludge tank 8a.

[0166] During this operation, withdrawal of sludge from both of
the sequencing batch reactors in the total maximum amount of about
30 m3/day (= amount of return sludge) and sludge returning were carried
out. Theamcount of sewage treatedwas about 185 m3/day. Inthe treatment
cperations, the first sludge returning step Va of the maximum amount
corresponding to 16% of the amount of influent raw water was carried
out. When the number of genus Bacillus bacteria in each sequencing
batch reactor decreased down to about 3x10° cfu/mlL, the amount of
withdrawn excess sludge and the amount of return sludge were increased
tomaintain the number of pollutant-decomposing microorganisms (genus
Bacillusbacteria as an index) having pollutant decomposition activity
at 2.0x10° to 22.5x10° cfu/mL.

[0167] The number of microorganisms (number of genus Bacillus
bacteria) in the treatment water (raw water, treated water), the water
quality (BOD), thetotalnitrogen [T-N] andthe 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 annual average value. Regarding the number of microorganisms, the
total number of bacteria and the number of genus Bacillus bacteria
were measured once a week. The amount of influent raw water and the
inflows and removal ratios (annual average) of BOD 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 3.
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[0168] The total aeration time (per year and per day) in the
treatment tanks is set forth in Table 4. The ORP was maintained at
100 to 270 mvV (DO: 1.0 to 1.1 mg/L).

[0169] 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 5.

[0170] The measured values for the numbers of microorganisms
(numbers of genus Bacillus bacteria) in the first seguencing batch
reactor 2a and the first excess sludge tank 8a in Example 1 are set
forth in Table 6. For the main purpose of maintaining sedimentation
property, the MLSS concentrations in both the sequencing batch reactors
were controlled by increasing or decreasing the amount of sludge
withdrawn,andasaresult,theMLSSconcentrationsinboththesequencing
batch reactors were maintained at 2,700 to 4,300 mg/L (MLSS
concentrations in both the sequencing batch reactors in Comparative

Example 1: 1,250 to 2,150 mg/mL).
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[0172] As is apparent from Table 2, in Example 1, in spite that
the amount of influent BOD in the wastewater markedly increased,
the removal ratios of BOD and SS were remarkably improved as compared

with those of Comparative Example 1.
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particularly changed. [0192]Example 3
present invention was carried out from January to Iﬁécember,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

Example 3, the wastewater treatment method (a) of the

the wastewater treatrpent-method-(3)of the present invention was carried out in Example 3. In this
period, sludgegeturn[ng (second sludge rgturging step Wa in Fig. 4) from the second excess sludge
tank 13a, in aération agdéstljr nghad been|performed, to the first excess sludge tank 12a was carried
cut in an amotinht of / v@e}g ba ;ed}:ron the amnount oftthe Sludge in the first excess sludge tank.
In Example 3,sfurther] as trearment cggleratcﬁ*’s (fﬁ)cc@ants) and nutrients, 450 g of Si02, 230 d of
Al203, 680 g @ MgO @72@ g pf peplone ahd 3,5 gof a@ry yeast exract were added to each
sequencing batch reqctois(fitgt seqyencing baich Feactgr 2a and second sequencing batch reactor 3a)
twice a week. Immediately affr the ddditior, the treatment accelerators added were adsorbed by flocs.
In the flocs, thg treatfnent acgeleratprs weye tHickéned to about 50 times. SE-2327
[0194]Furthermore, 300 g of 102, $5 g of AHO3,’§6O §. of MgO, 17.6 g of peptone and 3.5 g of a dry
yeast extract were addedto-the ;ttank £2a twffce awe K. [0795]The amou of influent raw wat.er, the
inflows and refhoval r%ti@s_@eaﬁy a@e) pf EGG and 83 are set forth in Table 12, and the amon s of
influent T-N afd T-P jandJtc;removal ratio thereof are$et forth in Table 13. Oltotal aerati.on time (per
year and per (ﬁzay) in the tfed.Iment fars is setzorthﬁin Table [0197]As indexes of. pollutant
decompositiorgpropgrty, the amount of dischggeddslugge, the sludge reduction ratio and the gross
yield coefficieat of sIMdg%are set fofth in Table 155[0183]The measured values for the numbers of
microorganisriis (nunbegs of genus Bacillus @act@ria)f@n the first sequencing batch reactor 2a and the
first excess s@dge tgnk J;,’Zé;}in Example 3 arecsetforthjn Table 16. For the main puroose of
maintaining se;‘gimentagi@ ol Bt NﬁLSS QananEaﬁons in both the sequencing batch reactors were
controlled by ificreaging Gr dgcreasing the anibunﬁ“of_szudge withdrawn, and as a result, the. MLF S
concentration§ in bolhﬁh% sepuéncing baﬂch E‘eact;é)rg were maintained at 2,100 to 4,000 Lg/L (MLSS
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[0176] In Comparative Example 1, because of inflow of growth
inhibitory substances consideredtobe industrial wastewater containing
polisonous substances, the activated sludge microorganism group
frequently became in a state of shocking conditions during runs, so
that withdrawal of sludge was carried out in order toc improve
sedimentation property. On January 29, February 26, March 26, April
16 and April 26, the microorganism group became in a state of serious
shocking conditions accompanied by decrease in the number of genus
Bacillusbacteria (except January29andFebruary26), and sedimentation
was inhibited. Therefore, the amount of sludge withdrawn and the 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, and sedimentation property was deteriorated. Therefore,
on June 4, June 11, June 18, June 25 and July 2, 1.5 L portions of
a flocculant (poly aluminium chloride [pac] represented by the formula
[Al,(OH) 1 Clgpnlm wherein n and m are numbers satisfying the conditions
of 1¥n<5 and 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.

[0177] The sludge reduction ratio in Example 1 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 6x10° cfu/mL.
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[0178]

Table 6: Number of genus Bacillus bacteria (X1O5 cfu/mL)

First -
Date of seguencing First excess ;
measurement batch sludge tank Remarks
12a
reactor 2a
5 00 700 before introduc?ion of seed
Dec. 4 ‘ bacter%a
2006 6.00 7 80 after 1ntroduct%on of seed
bacteria
Dec. 18 6.25 9.00 -
Dec. 28 11.3 27.5 germination in excess sludge tank
Jan. 8 8.25 10.5 -
Jan. 22 9.75 9.70 ~
Feb. S 113 210 germination of seed bacteria in
each tank
Feb. 19 22.5 19.5 -
Mar. 5 15.3 21.8 ~
Mar. 25 21.0 13.8 -
Bpr. 9 15 g 17.5 many filamentous bacteria
observed
decrease in genus Bacillus
Apr. 26 3.50 8.00 bacteria: addition of seed
bacteria to excess sludge tank
2007 May 14 9.25 8.00 -
decrease in number of genus
Bacillus bacteria previous week
May 28 8.50 9.50 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 7.5 13.3 -
Jul. 23 8.00 11.3 -
decrease in number of genus
Bacillus bacteria previous week
Aug. 13 12.3 17.0 stop of sludge wighdrawal and
return
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[0179]
First .
. First excess
Date of sequencing .
N sludge tank Remarks
measurement batch
12a
reactor 2a
- decrease in number of genus
Aug. 27 325 10.0 Bacillus bacteria
Sep. 10 6.50 14.0 -
Sep. 25 8.25 14.0 good cperation in all tanks
Oct. 15 13.3 18.5 -
2007 Oct. 29 8.50 16.3 -
Nov. 5 14.0 16.8 ~
Nov. 19 9.00 13.5 -
Nov. 26 10.3 18.8 occurrence of ﬁllamentous
bacteria
Dec. 3 4.74 9.00 -
Dec. 17 12.5 14.3 -
[0180] Example 2

In Example 2, the wastewater treatment method (o) of the present
invention was carried out from January to December, 2008 in the same
manner as in Example 1. Inthisperiod,sludgereturnihg(secondsludge
returning step Wa in Fig. 4) from the second excess sludge tank 13a,
in which aeration and stirring had been performed, to the first excess
sludge tank 12a was carried 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 rawwater andthe inflows and removal
ratios (annual average) of BOD 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 8.
[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
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of discharged sludge, the sludge reduction ratio and the gross yield
coefficient of sludge are set forth in Table 10.

[0184] The measured values for the numbers of microorganisms
(numbers of genus Bacillus bacteria) in the first sequencing batch
reactor Za and the first excess sludge tank 12a in Example 2 are set
forth in Table 11. For the main purpose of maintaining sedimentation
property, the MLSS concentrations inboth the sequencing batch reactors
tanks were controlled by increasing or decreasing the amount of sludge
withdrawn, andasaresult, theMLSSconcentrations inboththe sequencing
batch reactors were maintained at 2,200 to 4,200 mg/L (MLSS
concentrations in both the sequencing batch reactors in Comparative

Example 1: 1,250 to 2,150 mg/mL).
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Ri. 0 STz23: Y [0205]As shown in Table 15, by performing the second sludge returning step Wa for
returning sludge from the second excess sludge t 13ato ..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 obser 206]As showninTabi %t numbersof-enusBacillysbacteria infirst seguencing
batreactolr(yéLe g%[ﬁd the firs Se%:%‘%ig S uﬁgn %%%Welérg B al théyear ouugn%'g“, Anhd'the 8l o the sludge
returningéfh%treatmtent accele%ator%aand the nutriengs were clearly observed, and thus, enhancement

of wastewaterquality and high siuodé reduction ratio wWate proved > &if5357°76 15267 bid'16: umber

of genus,Bciys hactehmb) e year 2009) - Date of meut it sequencing hatch reacto 2a

removal of pollutants and sludge reduction ratio was observed.
[0190]

Table 11: Number of genus Bacillus bacteria (x10° cfu/mL) (the year 2008)

First
Date of sequencing First excess
measurement |batch reactor | sludge tank 12a Remarks
2a

Jan. 7 13.5 16.3 _

Jan. 21 14.8 18.5 _

Feb. 4 10.5 17.0 -

Feb. 18 9.25 10.5 N

Mar. 3 6.75 18.5 -

Mar. 17 11.8 17.3 -

Apr. 7 10.5 8.75 —

Apr. 21 5.28 8.75 -

May 12 4.00 14.5 _

May 26 4.75 5.50 .

Jun. 9 3.75 12.3 20 m® 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. 8 8.50 17.0 -

Sep. 22 6.50 17.3 _

Oct. 6 6.50 25.6 —

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] It is apparent from the numbers of genus Bacillus bacteria

that by performing sludge returning (second sludge returning step Wa)
from the second excess sludge tank 13a to the first excess sludge tank

12a and sludge returning (first sludge returning step Va) from the



First exc -51}5‘296 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.§ﬁ '65.75 74

first excess sludge tank 12a to the first sequencing batch reactor
Z2a and to the second sequencing batch reactor 3a, the number of genus
Bacillusbacteriawas recovered in the early stage, and stable treatment
operations became possible, though the aeration rate was not
particularly changed.
[0182] Example 3

In Example 3, the wastewater treatment method (o) of the present
invention was carried out from January to December, 2009 in the same
manner as in Example 2, except for further adding treatment accelerators
andnutrients. That is to say, apreferredembodiment of the wastewater
treatment method (B) of the present inventionwas 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 which aeration
and stirring had been performed, to the first excess sludge tank 12a
was carried out in an amount of 25%/week based on the amount of the
sludge in the first excess sludge tank.
[0193] In Example 3, further, as treatment accelerators
(flocculants) and nutrients, 450 g of Si0,, 230 g of Al,05, 680 g of
MgO, 17.6 g of peptone and 3.5 g of a dry yeast extract were added
to each sequencing batch reactor (first sequencing batch reactor 2a
and second sequencing batchreactor 3a) twice aweek. Immediatelyafter
the addition, the treatment accelerators added were adsorbed by flocs.
In the flocs, the treatment accelerators were thickened to about 50

times.
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[0194] Furthermore, 100 g of Si0;, 55 g of Al,03, 160 g of MgO,
17.6 g of peptone and 3.5 g of a dry yeast extract were added to the
first excess sludge tank 12a twice a week.

[0195] The amount of influent raw water, the inflows and removal
ratios (yearly average) of BOD and SS are set forth in Table 12, and
the amounts of influent T-N and T-P and the removal ratios thereof
are set forth in Table 13.

[0196] The total aeration time (per year and per day) in the
treatment tanks is set forth in Table 14.

[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.

[0198] The measured values for the numbers of microorganisms
(numbers of genus Bacillus bacteria) in the first seguencing batch
reactor Za and the first excess sludge tank 12a in Example 3 are set
forth in Table 16. For the main purpose of maintaining sedimentation
property, the MLSS concentrations inboth the sequencing batch reactors
were controlled by increasing or decreasing the amount of sludge
withdrawn,andasaresult,theMLSSconcentrationsinboththesequencing
batch reactors were maintained at 2,100 to 4,000 mg/L (MLSS
concentrations in both the sequencing batch reactors in Comparative

Example 1: 1,250 to 2,150 mg/mL).
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13.5 [0208]In {he first excess sludge tank 12a, moreover, molds and yeasts having extremely high
starch decomposition property, fat and oil decompp ition 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 s ank 12a..[0209]The high pollutant decomposition property was analyzed addition to the
effect of m%qﬁstewater%rséa?r%%ﬁ?o %%%é?en[ftESF%§3 7 80ChVe oﬁ%’%vﬁﬂegcﬁ@%ahﬂgﬁgy, and as
a resuls,ggyggrg%ndst@gt in gh% oonvenhonal metﬂg , iInflow of filamentous bacreria with the
sedimentationpropérty anb the sSTUdge freatment eHiciency Was FregusHtn Idwared J021Bfi¥Gwever, by
virtue of return f)% ;ﬂhecﬂ e&}eexcgfs sg g inthe Waite ater tre%tm%}t: method of the present invention,
growth of flaméntous bacteria in the Sequencing bateh Teattorwas Wedkahed and romEhe middle
stage of the run, growth thereof came to be not ohserved. From the fi.rst excess sludge tank 12a, mold
identified (ég%,gﬁ%ﬁﬁsgrﬁ?ﬁrﬁéj‘ﬁﬁ]me%%%’is% Sted. Which WAL dentiificd 15y 1 2885 Base
sequencgégagg then(%%ne gee.t%egicilligm ttu,rbatum is known as an antibiotic-producing fungus, and
this inhibits growth of fif Tue. © - amentous bactera Mdid hds strshg StarchddcomBusttionisioperty, fat
and oll dggog}[:l)os itliog é)rope@/l and cellulose decomposition property, and contributes to pollutant
decomposition in Tooperation with Strain 0, Stré#F &id Stfain F that are go s Bacillus acter2.a. This
mold hasl;r? % internationallﬁggjeé%osited as Penicillium turbatum Strain G. Isolation was carried out by

fishing of the mold that had APPERIEd dlrfig-Bactefial dRaRSTsSGiTy e fkfordsaid isthod 12

[0211]From tl£11e r@icrosco ic observation of sludge in the first ,
1n the first sequencing batch reactor 2a and the first excess sludge

tank 1Za were extremely stable 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 sludge reduction ratio were proved.



excess slydgestank 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 | 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]Th eastsaischavestron erarchdecompostmonproperty, fat anddecomp
itionpropertyandcellulosedecombosi o )roperty, and contribute to pollutant decomposition in
Cooperatf%l‘@'ﬂﬂ63.”%9@13'&59'%&gg%%&f?ﬂgs%at@%%%”%x %@'”c‘%g%g h4021§éT9%Bb% 10 say,

the added seed bacteria disappear xcept Strain cirabomt. July, gen S Batillus' bacteria

hayindhigher degompesition property begu 19, appear. From May to Caly, 200&_3, 3 strains _
ofgenupBagillushacteriahavinp high-decqmapesition-propertyrizé., StrainDs Straire Erand: Steain F that
are reld H-G+ . it | | i | mposition
property—meldsard-yea 2 vhibiting-peﬂé&mdecompc sition property ahtt Gellulose decomppsition
proper‘!”l!lgu! Y )-and- jbuted-{opollu eC0 --;e dsition. [0214]About sludge
returnime FExdmples-f-to-3 s!udg%'.uur..i..g was-carried-out-on-thd rute of sludge
12 . Eeb. v L 0 . : )
returning{He—7thderthe-copditions-of-5-ipe ‘=-“
B AV o Vo X 0 il | et PP DO, PO PR Yo a w2t P AQ\, 2002 aftbr-tha -bheaainning 2\? fﬁn expha-ment. <l e
operatl 1) lUﬁIJ.\JJI_IUé oantpfy, oo+ TG IAY,~OU0 At MiRC-DEGIRAIRG DI He-EXpe-MeRyS g
H H r - 1 PP P aalar-th nn.;.nlg-:nn.-. af b ta-1 65 - n2/dannor c% 'iganr\inn hateh req btor
I’etuml U ”‘-. CA ICU OUTUTIUCT UTC \JTI uglu TSTUT"IT TOTTOTrUTy It af§u5\.,| oty -oatst-reay
- O . .
t ti !l'-i'l&'i"!“‘ C 10~ V S G tHUHRE Ee-€Onh O JIVeaCh
auto > 3 A
. . AP ! 1 SRIA N\ A e aia C.2297.q9 .
Inspecyion dll%g)belﬁi WEEK {manuaroperaton) vwwhen—5r=2527-0z 14,5
May 25 11.5 19.3
Jun. 8 6.00 18.3
Jun. 22 5.00 18.0
Jul. © 5.50 15.3
Jul. 27 5.25 13.3
Aug. 3 4.50 11.3
Aug. 17 6.25 9.75
Sep. 7 5.25 9.75
Sep. 24 4.75 12.8
Oct. 5 5.75 18.8
Oct. 19 6.50 17.8
Nov. 2 4.75 19.0
Nov. 16 5.25 16.0
Dec. 7 5.25 13.5
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
0il 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 water originally, acquired
high pollutant decomposition property in the first excess sludge tank
12a.

[0209] The high pollutant decomposition property was analyzed

in addition to the effect of the wastewater treatment of the present



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 sluoge 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%%%%%g\%gﬁeéé of tife %lrgtglgg %tlucﬁﬁ ifiG iy wAS'con 2 SES19527 84 {@%ﬁﬁéagrdfiﬁﬁ‘the
sludge reitgmclggagoeffect was %e%teg when sl%%%% retgrgll of not less than 10 Traida.y to each

sequencing batch reactor was carfied ot fom July” 2008 and ANGRer effact Wasexsrted when sludge

outfom
ing of 15 mi/day (maximum allowable amount in this facility) was carried out. Especially when a growth
inbitor RO o TH8 Skt i SR et g h o 16 S oM e 5 v and
mainten%ncc? %decqrggosin gggtgria inettg% sequencing batch reactor 70. [0218]When the si udce

concentration in thétsried sludgé refention tank 50 \Wwas High .t &Mp-did ot W8 bEcause of insufficient

lift, and t fore, the slydge returning (ii) was discontinued after the short run in 2007.
[02'9]Re §r5§71r% the sluc;%%%r%}]ﬁrrn’lnglgb e%%fé%t%%sretum ol the first excess sludge

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 first excess sludge tank 12a, mold identified as
Penicillium turbatum was isolated, which was identified by the 28S
rDNA base sequences and the gene tree. Penicillium turbatum is known
as an antibiotic-producing fungus, and this inhibits growth of influent
filamentous bacteria. This mold has strong starch decomposition
property, fat andoildecompositionpropertyandcellulosedecomposition
property, and contributes to pollutant decomposition in cooperation
with Strain D, Strain E and Strain F that are genus Bacillus bacteria.
This mold has been 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, growth of yeast was confirmed, and isolation
was carried out. Three strains identified as Geotrichum silvicola
(Galactomyces geortrichum) Strain H, Pichia fermentans Strain I and

Pichia guilliermonldii Strain J by the homology of the 26S rDNA base



exerted undeythe conditions of 5 mi/each inspection and twice a week, but because of restri n of tank
volume of the faclility, the sludge retu n ng was ca%r'hed 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 %:%ﬁ}u%éllfne an %é r%{é\egn %?uem%erﬁpgﬁﬁgaggg Ja?ns%%dge 8c%8uﬁ“ant§ (%leoefrglaﬁi%sc%mpounds)
; peptonﬁﬁrlgr%g%gga%tlextr ct-were gdded as nut(organic compounds) - SIL- 027 85 and a
ninrogen source was a ed. Sgaiﬁ'ﬁe’amounts of the treatment accelerators and the nitrogen

source a%jg%t each %}t@ggci@n%%tgtf Jeactors ZO, the mougtg thereof aicjded to tte sludge
retention tank 30 and the amounts thereot added to the thickened = CMPOSLELONPIRREL t Yaenteon tar
50 in. Fi%a l g{%%%tf%rt%é?n :%kggtjildg Table 19 and dTa I %0, res ectiveclﬁ/. The amounts of the
aluminum compound. the siicon compound and The magnesiiim cont drare each #eséibetin terms of

a weight_of an oxide.,The amount of the nitroen source is described in terms of N2. [0223]The
abatt et Otﬁu%ggr ec% by Hoes immadidtely aker the addition’ The AoEs are

treatment accceciera%rsua&déa were a | by 1 _
concentiation 67000 At Paea mcslire conlSAt o796 e UGl GEbapred f about 20 mi.
When SOu2g8 (waStowaIEr Soniairi BoILIANE) & AGTEted 6 PONane S REEELISTEES form fine
suspendbed matt%rs‘. These gl.bsﬁeyn’d% ﬁ?tters are cal %"flocs”.

train C In abou and genus Bacillus bacteria having higher
decomposition property begun to appear. From May to July, 2008, 3
strains of genus Bacillusbacteria having 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 (i) (Fig. 7) under the conditions of 5 m’/day per
sequencing batch reactor till 2005 (automatic operation).
[0215] From January, 2007 to May, 2008 after the beginning of
the experiment, sludge returning (i) was carriedout under the conditions
of 5 to 15 Uﬁ/day per sequencing batch reactor (automatic operation)

and sludge returning (iii) was carried out under the conditions of

1 to 5 m°/each inspection and twice a week (manual operation). When



SP-23274:0223]For the growth of pollutant-decomposing microorganisms, addition of the nitrogen
source into the sludge retention tank 30 was moreseffective 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 oghtge?]gl{gjv\g@ (gjﬁpcygugggtﬁdseggggpé)si%g néigro?r neizsrrns were recc)(qqizegéH? 6h%gt}%that since
peptone and the dlry yeast extract are a :sorjbedt y the Tlocs in%ﬁertanfg%vater, {he concentrations of
them in Egne f%8§<ir9nwhict1 he microorganisms are crown become 50 times or more, and an effect is
exerted. 88 !‘SF-§3§1§\ 89 PO%%% ??eegaé%af}l%{?hlénad(%ﬁgn%?%ealm?érﬂ a%%fe%g?&%% the' tﬁ%ﬁened
sludge r%@gggp\ tank 50, addition of nutrients and.a nitrogen source is effective. By virtue- of the
addition decom]o%%?nvéasst?a%ﬁg ]fgeercl%e arfc% u%%la%?gﬁar, er%%l%lgﬁd?f/‘éégtsﬁsggtﬁé& E}r% @tank and
contrlbutvggstosdeccorgp%sltlggaof.slugggi§ggarg§@tenance of the umbgr of d.ecompoglfg dstrams.

[0230]By virtue of the amounts of ne treatment accel.erators %dt eldsfror%cﬁjll)l/,L%OS ohward, stable

treatment hecame oo§_lsiio%Ie and ltgg de(:onjé%os,all bacteria were a%rown, SO tha&reduction of sludge

produceé?;a%%&rﬁ uous y%%séerve(i%&rifh—er? suth addition V\(/)z;‘ilst e %%ﬁvgkng the’ 8Rhancemant of

sludge sedimentation property and the decomposition of pollutants. From about May, 2009, the
pollutant-decdmposiig %c%o%gnfé?ﬁlsc\)/ve}gg ésgtg‘;l@% earclp the tration in the T Sxened
sludge retention tank 50 was large, and because of insufficient lift

of the return pump, retuning of sludge was difficult. However,

effectiveness of the sludge returning (ii) was confirmed.



number thereof was stable. as shown in Table 21. Fom about July, 2009, decomposition of sludge

and enhancemert of trdateyl water|qu ] ity were particularly observed. [0231]About change of

b ant fecomposition property (pc utant-highly decomposing bacterial
floras) Thejsewage tleathrent facility used in the examples was excellent in both of the removal
of 300 componerjts-afid the removal ojt-N and 2-P, It is thought that (a-1) geniis Bacillusbacteria, (a-2)
Rhcdococcus ruljber,{(4-3) Micraepccys luteus and (b) maids and yeasts mainly contribute to the
removal of BOO fomponentts; in agditfon to (a-1) genus SF-2327 90 acteria,Al ca | ige s seal s, (a-)

microorganisms laviriglhigh pallut

genus Psracoccys pegteriajand (a@
in

components; and (8-7) penps: $ph
removal of nts. [{232}{d) Bacterig

a-1

enus Rhodobacter bacteria contribute to the removal of 57-N
bbacteri um bacteria and (a-S) Rh obi um loti contrhute to the
Genus Bacillus bacteria In Tab a 21, tt a nuMbetiii of

genus Bacillus b cf‘eﬁa detected are det forth by years. [02337In December, 2006, the lumber of

genus Bacillus b ctefialin the seguen

lin batch reactor of the experimental facilitywas S. 5k1.05 cfu/ml
of Strain A, Strain B and Strain C (concentration = about 1:1:3)

te iz%f florg 2 so that the total concentration in each sequencing batch

0234]0n the other hand, to the sludge retention tank 30, the

E 1:1:3) were added so that th total concentration might become

1 T .
on the average. Jo-tHis|tan , 3|straing
were added as thevsegdl b
reactor might bea:omgz .5x]06 cfa/mi.
above 3 strains (fFoncénptragion|= apou
2 k106 dt, while the nurpbey of[genus
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acillus 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

decreas 0%5' 32701 tgpen Q?Ebegof acéeria hec..aus,e ofgontinuous inflow of growth 3
inhihitorjsu stances) . Aftet the addition, StTaPC Was deteted UhtilEbsut May, soo7=cr te

[0237]Thereafter, Strain O (E. subtil.having the sane base sequence and length (fourd by the analysis
based orv{%%% r%ﬁﬁ?gsliﬁéger %Jfrgfréala%/(g%%ai F&Ving ‘—il&hélgdq@c fibosifiofi Propefty Appearéd from

about May, 2007 andtoccupied about 90% of the enus Bacillus_bacteria in about July, 2007 (Table
21). [Ozaggy‘:ﬁ'ﬁeré‘pé??ecr, Stalit & (3 sUbtifis) Ahd St Fi(3] sublilisy halifigth 'sEiié bast¥equence
and Ien%h éfoundgn e}\165 r lgA base sequenc%) as those of Strain C and _haying much higher
decompOSition property appearsd from abdut Gt bje?r?d(?ffyar(faaé(tjtﬁggpae]ri]o : gtiecdmposition
conspicuou Il)(.pro eedfd in the thickened sludge retention tank SO (from October, 2007 to January,
2008, Mll_gg in ﬁﬂe?&en%%ygldqcfgse?%trel?ﬁ%%? 50 86 eh8ed X' BOG 1845 580 MyHE tilErediately
after thickening; 17,000 to 18,000 mg/L& Table 21). [0239]Comparison of pollutant decomposition
3 %d Jrﬁl"s?ratig‘% 236irai D < Strafit B Strdiy 213" 90240] 11 \iSvermbEr; 2008, the

property resu
number of Strajn D + Strain E Strain F occupied not less than 90% of the number of genus Bacillus

bacter , aRd thé Proportion Bf Strdin B8 36457696 e prbisoiliBh of Straft ESvas 10té 30%, and

the proportion of Strain F was 20 to
seqguencing batch reactor 70.

[0218] When the sludge concentration in the thickened sludge
retention tank 50 was high, the pump did not work because of insufficient
1ift, and therefore, the sludge returning (ii) was discontinued after
the short run in 2007.
[0219] Regarding the sludge returning (iii), a stable effect was
exerted under the conditions of 5 m’/each inspection and twice a week,
but because of restriction of tank volume of the facility, the sludge
returningwas carriedout under the conditionsof 3to5m’/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
compoundwere addedas sludge flocculants (inorganiccompounds) ; peptone

and a dry yeast extract were added as nutrients (organic compounds);



SE-2327.92 10 10,30%, and Strain 2 occ J d 30 to 80% (Table 22, oses 3). {02411 The method for
discriminating and identifying strains is described %1 "Notes 3". (0242]From the analysis of the 165
rDNA base sequences by Clustal X and the gene trée, 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 geﬁﬁégéaac?ﬁt%s%oa%?grig is' %?ngﬁﬁo %%gs'ed on starch decompositi o property, fat and olil
decompasiti roperty and protein decompositiorl property, and when the. st.rain or the strain gag
has s.targid%lg%(i)mpositio?llpxper(5iﬁ'f)n(aorlt]f/”1 SR %f an 5??%%%8 IpasitionPraperty, A differehes i 856 pollutant
decompasition groggrt an be evaluaHgd by cooked meat medium (muscle arotein) decomposition

ce a e rhe

property: The Suspended Sofid [551 removar ratios” $31 'S5 being contiliiedin & RookEd et

medium,#??f %téaip A(}% Strain F and tha dilute of activated sluq e liquid of the sewage treatment facility
are set forth in Table 22- (0244 Notes 19 WhehSewage rdafmentiR EarivdFBAEEY 2 Stanbard method
ina sewage tg—:-%tmeﬁt fggi%i_)t!, %Ignél%ﬁa%illus bacteria is existent at not more than 2x102 fu/mL,
usually &t hot more than 0 Bx205 G/l ahd fife COORE meat‘dedmposition propefty of thé activated
sludge was ?w ETa%e 22 'b[1024]$ Notes 2: Strain A exhibits starch decomposition property, SF-2 327
93 fat and 'oil decomposition property ant Casein ‘decoRpoSitibh roperty: ard &train 2 exhibits fat
and oil decomposition property and muscle protein (cooked meat medium)decomposition property.
Alt: 'ugh The Strains G5 et Sxhibit fight Jsgjﬁ%oﬂﬁ’ﬁgﬁﬁ&‘?p?@ﬁeﬁ?%eﬁﬁ%t@ﬁ&@ir&ﬁﬂpﬁgﬂ%ﬁnB
exhibits strong night soil decomposition property, and also exhibits greatly improved cooked meat
medium%l%%on?ﬁgsiﬁgﬁ Propéfty (Fable 2% . Strain '€ 194 strdin iSolated froma Hight'Soinfreatment
facilityof good treatment performance and exh.ih.i.ts stareh decomposition propetty, fat and oll
decompbsitioRpropstyantis aleptotsinaécoipositicfropertt T bie 24). [0247]Notes 3: In the
sewage treatment facility used in the examples, the number of B. huisingiensis haying appeaxed was
as smallh';(l)szaér(?tJ more tha%?%.%?ﬁ%“ﬁ?ﬁp‘?ﬁi%@f%@%rﬁﬁ@%f‘E?{%Lﬁ@@éﬁ§§s%d%1ﬁé%ot more
than1x104cfuimt. P. thuringiensis can be easily identified by the colony morphology and the size of

bacterial CEIF tiaieter 6f hi6tles8thandimyor- The flocs are easily colleécted by

centrifugal separation or filtration, and when the sludge having a
MLSS concentration of 5,000 mg/L has a moisture content of 75%, the
volume occupied is about 20 mL. 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 called “flocs”.



102481Notes 4: Identification of Strain 3 and StraigaC (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 3._subtilis standard strain (ATCC 6051, AL: 1276351) and can be easily

identified by the gen tre :
StralnCwas carried quih e 2f6th base in the 16S rONA base sequence (number of

at pIuraI posnfg)ns ( [%e bouf a half of their 276th bases ae ")" and the residues are "C"), and
the base coxresPon ing in'theB | sybltill's standard strai.n was "A" (163 rDNA part was present at
plural adsftlorg The uénce of Strain C is longer than the 165 rJDNA base sequence of the B
subtilos standard strdi ¢ AGTITGAT") at the head (5' -end) of the sequence, and the
base sequencg of thp H glard [strain is longer than that of Strain C by. 16 Ls rt the end
(3'-en these g‘éne arTEI?s be easily identified. Strain ID, Strain S and Strain F were
identified by th:e sa | length as those of Strain C, the morphology of cultured
colohy and a. glffere hceli L edium decomposition property (Table 21). Strain C, Strain
D, Strain and Straih F iC mely relative to one another. [0249)Notes 5: Night soil is
hard to deconfpose, fand h timje in the night soil treatment facility is usually 15 days. It is
thought that ggfogresg of n,@ht soil leads to reduction of had smells and reduction of
sludge. Theretore spil- erial strains were used as seed bacteria. ~ SF-232i 97
[02511As shogvn in $abl a4 flora 2 was added on December 4, 2006, but because
heat was a ne¢ b
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e seed bagtesiay spores were difficul t t .ueninate.. In the sequencing hatch reactor 70 and the sludde
retention rank 30, most of spores germinated in thg-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 Augist,12007, angd the MSS having been thickened: to about 1.7,500.m¢_T/Ht underwent
decomposition %rom October, 200?t0 January?)ZOOS,LwhereOLyC% I?/ISElgg concentration was '
decreasetitn 9:300 L 45,000 mall- oyl die periar of ahout A0 day (tedagtion,of ahout 40,000 ppmiL)

. After Strain D, Strainl0, and Strain Shaving higher decomposition property appeared, prominent

sludge redyction-was ohserved. f Q2 531By.the yse of a centrifugal thickening machine, 60, the sludge
in the sludge retention tank 30 vz\ﬁ/as thickené’?té} about 370 3.5 ﬁﬁe??%rﬁ %%%%ﬁ%%%aﬁ%anuary,
2008, and.thereafter, it was thickened to about 4.2 to 4,3 times . From July, 2009 onward, the MESS
concentration the thickenedesludge retention tanﬁ 5 \?\%%soa eo&tnr?ot% ng:%ré“tﬁeytel}r%%% the ﬁfgg
concentrationyin the sludge L atent &talné%%(g, %nd it was, canfirmed that deco sition of sludge had
occurred also in the%l%:keneg sluége retention tagﬁ%%.mﬁgg tﬁg%énég%tgt;gg% g%}r}IUs Bacillus

bacteria ywas.comparad, ityas ahoyt 4. 8.times, so hatjncrease of genus Bacillus bacteria yas

confirmed. In general SF-2327 98" sewage treatment facﬁfties,?ﬁé nUMber of genu% BAGHIGS bacteria

is not propo @pﬂlﬁ%;pae_gl4§§ oncentration, arid the.number thereof in a.sl.udge retention tank
correspondi%g to the sludge ret ﬁ%&ﬁ fan 1?6@.8 %%%rﬁﬁmf t6 ?[.Izetir%%%ot%%lﬁﬁﬁgberft%e%esof ina
sequencing bafch rex cgog.i@gg4 Notes 6: Sep ation of activated sludge bacteri In 1,000mI of
distill led waté?r, 8¢ oa? Nutr..ent érc?t%o manufac 5%(59 5§f (%)%36% c%é%:r %ﬁo@ﬁi),af?sgocﬁbgﬁélcjgge, 4 g of
Pepton (manufactured b%)x 'd, code; 2P0 ? 2 g of a dry yeast extract (manufactured by Bacto,
code: 212750% an 1%ng or eag(j%agrf%/\%e‘rA]eaEI|eslébl(\)/tih , acrﬁ% the gg%ﬁ%ﬁnﬁag‘stagﬂ iZedat 1%??%5 15
minutes.. mtgﬁterﬂizgqeoetri dishes each having a diameter of 9 cm, 20 mL portions of the sojution

1n 1C!
were pouses., to preparenﬁa%%%?tﬁ(?g média. f‘ot%sﬁi?t‘“é? cg[r]ﬁﬁalpelr(%qfo a%eﬂ%l)té)& Iiaﬁideandag
10,000-fg|d g%%lgg qulusid g}f{ agg\é%ted sludge were prepared, and 0.1 ITT. portions of each of then were
added t6 the flat Cl}lture 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 mmg250 to 330 mg of an Oxold cooked meat medium

(CMO0081) and 250 to 350 mg of a Difco cooked meat medium (226730) were weighed, resnecfi 'y, and
6 ral of SF-2 327 99 isfilleld watér was added to each tes tube, fpllowed by sterilization at 121C for
15 minutes. Straing wergq inpcylatpd in each test tube, and.|shaking culture yas carried out at 32C for
10 days. 1(02%(8LAs 'pipngs, tes} tubesin Wo bacterial i tlal hgd been cprried cut were lii kewise
subjected to si¥akig cuI‘ure 40259110 @ayﬁaftecg suspeh ed matferg were|collected by filtration using
a glass fiber fifen i’ dal 09052 or V\Aaatrﬁan CF/Pi h£/| 9.4 darheter @? b5 rim, andsuspended
matters were dfi $2BE|tdr 2% hours, foggowgd by neas ltianéth eight pf the resulting dry
suspended solid, [g2601A8§rem val rélo was: ealculateﬁd rorn the fallowinp formula (1) using a dry
weight (X) of a-slispended solid [$S] objfélngﬁ aﬁer bacterl Iwnocu atipn and culturing in the coo: cd
meat medium-anidza dry velght) of SS obtaired after cultur rrg withput| performing bacterial inoculation
in the cooked gne at medjun); SS removaﬂ raga((l%-F)/y}xqu ). [0261.] [SH-2 B2.7
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100 Table-22:-SS (in cooked meat medium) removal ati.o of strains and activated sludge of sewage
Q . L] . . - . .
treatment facil its Name ofstrain (accession numl% 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

[0229] Regarding the addition of treatment accelerators to the
thickened sludge retention tank 50, addition of nutrients and anitrogen
source is effective. By virtue of the addition, decomposing strains
(genus 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 amcunts of the treatment accelerators
added from July, 2008 onward, stable treatment became possible, and
the decomposing bacteria were stably grown, so that reduction of sludge
produced was 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 detected and the
number thereof was stable, as shown in Table 21. From about July, 2009,
decomposition of sludge and enhancement of treated water quality were
particularly observed.

[0231] About change of microorganisms having high pollutant
decomposition property (pollutant-highly decomposing bacterial
floras)

The sewage treatment facility used in the examples was excellent
in both of the removal of BOD components and the removal of T-N and
T-P. Itisthoughtthat (a-1) genusBacillusbacteria, (a-2) Rhodococcus
rubber, (a-3) Micrococcus luteus and (b) molds and veasts mainly

contribute to the removal of BOD components; in addition to (a-1) genus



B.aubtilig%.lg §,§719T) 36 B.subtilisT_ 6 B.thuringiensisr 60 28 B.subtilisT +B.cereu-' 27 16 ff 2 ri I
Us-101
S0

Bacillus bacteria, (a-4) Alcaligenes faecalis, (a-5) genus Paracoccus
bacteria and (a-6) genus Rhodobacterbacteria contribute to the removal
of T-N components; and (a-7) genus Sphingobacterium bacteria and (a-8)
Rhizobium loti contribute to the removal of T-P components.
[0232] (a) Bacteria

(a-1) Genus Bacillus bacteria

In Table 21, the numbers of genus Bacillus bacteria detected
are set forth by years.
[0233] In December, 2006, the number of genus Bacillus bacteria
in the sequencing batch reactor of the experimental facility was 5.5x10°
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 2.5x10° cfu/mL.
[0234] On the other hand, to the sludge retention tank 30, the
above 3 strains (concentration = about 1:1:3) were added so that the
totalconcentrationn&ghtbecomeZX1D6cfu/mL,whilethermmberof;meﬁ
Bacillus bacteria before the addition was 7x10° cfu/mL.
[0235] After the addition of the seed bacteria, the total number
of bacteria and the number of genus Bacillus bacteria were measured
every week in 2007 and every two weeks from 2008 onward.
[0236] Strain A disappeared in April, 2007 (rapid decrease in
the number of bacteriabecause of continuous inflow of growth inhibitory

substances). Strain Bdisappeared in about July, 2007 (rapid decrease



IX) 1! ()I gﬁ%@g%l?% (FERN BP-11280) 24 40 Strain B(FERN BP-11281) 77 au StrainStrain IS 72 83
IAB. sulitilis (1

137197 ) 79 o1

in the number of bacteria because of continuous inflow of growth
inhibitorysubstances). Aftertheaddition, StrainCwasdetecteduntil
about May, 2007.

[0237] Thereafter, Strain D (B. subtilis) having the same base
sequence and length (found by the analysis based on 16S rDNA) as those
of Strain C and having higher decomposition property appeared from
about May, 2007 and occupied about 90% of the genus Bacillus bacteria
in about July, 2007 (Table 21).

[0238] Thereafter, Strain E (B. subtilis) and Strain F (B.
subtilis) having the same base sequence and length (found in the 16S
rDNA base seqguence) as those of Strain C and having much higher
decomposition property appeared from about October, 2007, and at this
period, sludge decomposition conspicuously proceeded in the thickened
sludge retention tank 50 (from October, 2007 to January, 2008, MLSS
in the thickened sludge retention tank 50 decreased to 9,500 to 15,500
mg/L (immediately after thickening: 17,000 to 18,000 mg/L)) (Table
21y .

[0239] Comparison of pollutant decomposition property resulted
in Strain C < Strain D < Strain E < Strain F (Table 21).

[0240] In November, 2008, the number of Strain D + Strain E +
Strain F occupied not less than 90% of the number of genus Bacillus
bacteria, 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

20%. In July, 2009, Strain D occupied 10 to 30%, Strain E occupied



Strain CQZEEBI%JéB/P-11282) 76 62 Strain D(FERN BP-11283) 81. 60 Strain7(FE-BP-11284) 73 74
Strain F(FERNP-11285) 81 76 99

10 to 30%, and Strain F occupied 30 to 80% (Table 21, Notes 3).
[0241] The method for discriminating and identifying strains is
described in “Notes 37.

[0242] From the analysis of the 16S rDNA base sequences by the
Clustal X and the gene tree, Strain D, Strain E and Strain F are presumed
to be variants, which are derived from Strain C (seed bacteria),and
produce enzymes with higher activity and show higher pollutant
decomposition property.

[0243] The pollutant decomposition property of these genus
Bacillusbacteriaisthought tobebasedonstarchdecompositionproperty,
fat and oil decomposition property and protein decomposition property,
andwhen the strainor the straingroup has starch decompositionproperty
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 [SS] 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.

(02447 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 2x10° cfu/mL, usually at not more than 0.5x10°
cfu/mL, and the cooked meat decomposition property of the activated
sludge was low (Table 22).

[0245] Notes 2: Strain A exhibits starch decomposition property,



Strain D & St t E 4 Strain F 78 65 Molds Strain G(FER.N BP-11289) 4 5 Yeasts Strain H(FERN

BP-11287) 9 1 Strain 1(FERN BP-11286) 0.5 <0.5§3Stra|n 4t.(FERN BP-11288)
fat and oil decomposition property and casein decomposition property,
and Strain B exhibits fat and oil decomposition property and muscle
protein (cooked meat medium) decomposition property.
[0246] Although the strains do not exhibit night soil
decomposition property separately, Strain A + Strain B exhibits strong
night soil decomposition property, and also exhibits greatly improved
cooked meat medium decomposition property (Table 24). Strain C is a
strain isolated from a night soil treatment facility of good treatment
performance and exhibits starch decomposition property, fat and oil
decompositionpropertyandmuscleprotein decompositionproperty (Table
24 .
[0247] Notes 3: In the sewage treatment facility used in the
examples, the number of B. thuringiensis having appeared was as small
as not more than 0.25x10° cfu/mL. In April, 2007, the number of B.
thuringiensis became not more than 1x10° cfu/ml,. B. thuringiensis can
be easily identified by the colony morphology and the size of bacterial
cell (diameter of not less than 1 um).
[0248] Notes 4: Identification of Strain B and Strain C (both:
B. subtilis) was carried out by the colony morphology, the cooked meat
medium decomposition property and the 165 rDNA analysis. Strain B has
clder origin than a B. subtilis standard strain (ATCC 6051, AJ276351)
and can be easily identified by the gene tree based on the 16S rDNA
base sequences. Whenthealignment of StrainCwascarriedout byClustal

X, the 276th base in the 16S rDNA base sequence (number of bases: 1,510



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 gtfain D + Strain H

bp, Fig. 8) was “R” (“A” or “G”; in Strain C, the 16S rDNA part was
present at plural positions (copies) and about a half of their 276th
bases are “A” and the residues are “G”), and the base corresponding
to 1t in the B. subtilus standard strain was “A” (16S rDNA part was
present at plural positions). The base sequence of Strain C is longer
than the 165 rDNA base sequence of the B subtilus standard strain by
9 bases (“GAGTTTGAT”) at the head (5’ -end) of the sequence, and the
base sequence of the B. subtilis standard strain is longer than that
of Strain C by 16 bases at the end (3’-end). By these gene analyses,
Strain C can be easily identified. Strain D, Strain E and Strain F
were identified by the same base sequence and length as those of Strain
C, the morphology of cultured colony and a difference in cooked meat
medium decomposition property (Table 21). Strain C, Strain D, Strain
E 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 bad smells and reduction of sludge. Therefore, night

soil-decomposing bacterial strains were used as seed bacteria.
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Strain F + Strain | 76 66 Strain D + Strain J 63 64 §érain E + Strain J 75 64 Strain F + Strain Ut 82 75
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4T 28 1009:fold-diluted liquid of activated sludge of treatment_facility in Dec.,2009_,0.2 mIE 8_0 82 .
*Notes: In the case of a mixture of Strain D + Strai + Strain F, SS removal ratios regarding Oxoid
product and Difco product are lower than the values of Strain E and Strain F, anq the reason is
presumed to be that growth of Strain Dis active and its concentration becomes higher than that of

Strain E train F. *Notes: The superscript "T" on the name of s,t%izn ,means_that the strain is
standard?s?trgaibsln 5(represerﬁgjigati\slke]Osvflpairl1%f ﬁ%ﬂs%eglje’s).s @%@?tfﬁf 6273 fain KHhdPSH&R B (D.
subti cannot se ni il separately, but when they coexist, they extiolt vgcrous .
decomprcl)%%i?[ic[?r?e (g%%%%y dee Ta ’Ie%ﬁdé%aﬁg %%%Sp?aiﬂé/%ﬁtewr%%{na T’Ldlﬁé e%?hiﬁi‘ﬁ%%f%é?&n%@al ratio of
not less ban ;Qg%@ath,e case of Oxoidd um gng a SS removal ratio of not less

cterla, spOresweredl culttogerminate. Inthe sequencing
batch reactor 70 and the sludge retention tank 30, most of spores
germinated in the middle of February, and the number of genus Bacillus
bacteria increased rapidly. The facility was run till the last third
of February, 2007 without performing discharge of sludge.
[0252] In the thickened sludge retention tank 50, MLSS increased
from May to August, 2007, and the MLSS having been thickened to about
17,500 mg/L underwent decomposition from October, 2007 to January,
2008, whereby the MLSS concentration was decreased to 9,500 to 15,500
mg/L over the period of about 30 days (reduction of about 10, 000 ppm/L) .
AfterStrainD,StrainEandStrainFhavinghigherdecompositionproperty
appeared, prcminent sludge reduction was observed.
[0253] By the use of a centrifugal thickening machine 60, the
sludge in the sludge retention tank 30 was thickened to about 3 to
3.5 times from January, 2007 to January, 2008, and thereafter, it was
thickened to about 4.2 to 4.8 times. From July, 2009 onward, the MLSS
concentration in the thickened sludge retention tank 50 was about not
more than 3.1 times the MLSS concentration in the sludge retention
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



than 60% jn the case of Difco medium and having starch decomposition property and fat and oil
decomposition property were tdged to be poll tantyinhly 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 megh.=.and the Difeo. medium.the sew%gl%trg%@entf ility acilvated.sludge (100-fold diluted
liquid) beforea the beginning of the exﬁe;flr%se'nt was comp%?egascvi Xtrﬁé? (%86— 2%8%?&%83%5@ after the
beginning of the exp @@?D&é@ft?%eﬂhéo g)ssa@%a a result, the SS removal. abi lit7 was greatly
enhanced after the b%ginning of the éxpeﬁment %%g 1[2}3':4:[%)%%’4]ianntca(gr%?fls%%n?ct))fe §tré?ne.5€?%£8train H,
Strain E  Strain H, and Strain F + S rgw&), t}gg SS remaoval ratio was lqwered, but it is thought that
sucna pﬁgnomenong%?d nor océﬁ};1 in %he activated gfﬁ%lgré? 1atﬁ)e Lrlggs%aﬁ%g ?ﬁoﬁ%ﬁ?% %gr%htéﬁ?%the Difeo
medium ~grawth. inHDb es active, but orowth aof Strain D, Etrarn E and tran F' is inhibited
agrawth, gt sirain H becomes agl o 9
and the numbers or these strains are %fgc?eggeedn(ﬁg%rsﬁfgﬁ ji:())’1 m?ic%%%%%ﬁ%o é)r%%.(:h
Presumahly, it js 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 £ %nde ariation to strains having. higher poilutant decompasition property,
such as%Sr rair? D, Strain ICE), %%raélgri Ff%?fft)@ rsltrgl% §ﬁ§ Jﬂéi%:ffl% r%?r%ﬁt?s& %eu%]h? that the effects
of Strain A + Str%@ﬁ @f)%tr&de mpo p(()#iut nts apd to_support growth and acclimationC while
Strain S is acclimated to sewgé‘ge% én%%% ¥ ,"z?r%cfe ﬁhd%?goﬁ‘/{z'}r‘faﬁfben '&)%tcrgi]ﬁ %Héﬁcﬁ’}%ﬁgin FP,

IRN-110 sirain, IRIN-111 strajn, etc.) . It is thought that by uirtue of addd tign of Strain A + Strain B,
ororGrouh o7 S Wad braveriad Sk re s s PRE16 Gl SUANC r&gesodly

cessation’of growth o train brev%r?teé{ and thére was no
[0266]The fallowing genus | acteria have the same 165 rDNA as that of Strain C, and the SS
remova%%ti%l}s(%gérgiﬁg%h;%%zé%?mgt%%%ig (OXOIdY ARG (DifchT dre S&% AT tHe ﬁ)li?%ving table.

[0267] Bacto, code: 212750) and 15 g of agar were dissolved, and the solution
was sterilized at 121°C for 15 minutes. Into sterilized petri dishes
each having a diameter of 9 cm, 20 mL portions of the solution were
poured to prepare flat culture media.

[0255] After drying, a 100~-fold diluted liquid and a 10, 000-fold
diluted liquid of activated sludge were prepared, and 0.1 mL portions
of each of them were added to the flat culture media and spread out
with a bacteria spreader.
[0256] Culturing was carried out at 32°C for 4 to 5 days, and
the colonies were observed.
[0257] Notes 7: Method for measuring removal ratio of SS in cooked
meat medium

In two test tubes each having a diameter of 18 mm, 250 to 350
mg of an Oxoid cooked meat medium (CMO081) and 250 to 350 mg of a Difco

cooked meat medium (226730) were weighed, respectively, and 6 mL of



Table 23, 5S rempval ratio of genus Bacillus bacteria isolated in 2009 and 2010 Date of isolation
Identification name 55 removal ratio(%) Oxoid prg@uct Off co product cTh 0 CD Nov.8 TIN 4-1 65 38

distilled water was added to each test tube, followed by sterilization
at 121°C for 15 minutes. Strains were inoculated in each test tube,
and shaking culture was carried out at 32°C for 10 days.
[0258] As blanks, test tubes in which no bacterial incculation
had been carried out were likewise subjected to shaking culture.
[0259] 10 days after, suspended matters were collected by
filtration using a glass fiber filter (Advantec GS25 or Whatman GF/A)
having a diameter of 55 mm, and the suspended matters were dried at
125°C for 2.5 hours, followed by measuring the welght of the resulting
dry suspended solid.
[0260] ASSremoval ratiowas calculatedfromthe following formula
(1) using a dry weight (X) of a suspended solid [SS] obtained after
bacterial inoculation and culturing 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)/Y}x100 (i) .

[0261]



IRN 6-1 §¥_5253f‘f3r-7 IRN-45 73 43 2010 CPI1:.23 IEPN-110 73 70

100

1 E2-11175

Table 22: 5SS {in cooked meat medium) removal ratio of strains and activated

sludge of sewage treatment facility

5S removal ratio

(%)

Name of strain

(accession number of deposit) Oxoid product | Difco product
B. thuringiensis
(IEM 12077%) H 1
) B. cereus (JCM 12077% 19 18
Genus Bacillus — T
bacteria B. subglllsbé;iq 33719) 67 36
. subtilis®
+ B. thuringiensis’ 60 38
B. subtilis' + B. cereus’ 27 16
Strain A (FERM BP-11280) 24 40
Strain B (FERM BP-11281} 77 53
Strain A + Strain B 72 83
Strain A + B. S%btllls (IFO 79 76
Genus Bacillus 13719)
b . Strain C (FERM BP-11282) 76 62
acteria -
Strain D (FERM BP-11283) 81 60
Strain E (FERM BP-11284) 73 74
Strain F (FERM BP-11285) 81 76
Strain D + Strain E
+ Strain F 78 65
Molds Strain G (FERM BP-11289) 4 5
Strain H (FERM BP-11287) 9 1
Yeasts Strain I (FERM BP-11286) 0.5 <0.5
Strain J (FERM BP-11288) 1 <0.5
Genus Bacillus :Era%n g : :Era%n g gi gi
bacteria + mold ra}n ra}n
Strain F + Strain G 79 74
Strain D + Strain H 78 47
Strain E + Strain H 80 21
Strain F + Strain H 81 37
Genus Bacillus Stra}n D + Stra}n I 82 67
: Strain E + Strain I 77 62
bacteria + yeasts -
Strain F + Strain I 76 68
Strain D + Strain J 83 64
Strain E + Strain J 75 64
Strain F + Strain J 82 75
100-fold diluted liquid of activated sludge of 41 28
treatment facility before experiment, 0.2 mlL
100~fold diluted liguid of activated sludge of 80 82
treatment facility in Dec., 2009, 0.2 mL

*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 1is presumed to be
that growth of Strain D is 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).




60 IRNs12 64.64 SE-2327 103 FO268)As can be seen from Table 2, the genus Bacillus bacteria
having been isolated by 2009 exhibited a high S§ 5emoval 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/Drf emoval ra §o was )mvr{%red }]n g010 sludlge redu&trgg was ftértg%r acc%erafeﬁ

[0269]T ere |r describéd below the grounds for- e%rnrng as a microorsm group Ravinc nig poIIutant
deccrnoosrtronprgger strarnsﬁ% alrtatr\ielg exhrbrgng sta c de%omp srtron >J)erty Qg fat and oil
decomposrtlon proper hd hav g "a5S remaoval ratio Of not less than 8‘% In t%e caée of an Oxoid

cooked meat me dium thatis f| rous Erote n.and a SS re%mfgagreat&% tlnog 4ess g1an 60% ir c%se of a

Difoo cookeg 15 edium that |sef%ro %%%o%e?% FE30 7 non paten

literature 1). Strains exhibiting a SS removal ratio of not less than
70% in the case of Oxoid medium and a SS removal ratio of not less
than 60% in the case of Difco medium and having starch decomposition
property and fat and oll decomposition property were judged to be

pollutant-highly decomposing strains. Strain A + Strain B, Strain A
+ B. subtilis’, and Strain C satisfy these conditions, and Strain D,
Strain E and Strain F can be judged to be pollutant-highly decomposing
strains.

[0263] Regarding the ability to remove suspended solid [SS] in
the Oxoid medium and the Difco medium, the sewage treatment facility
activated sludge (100-fold diluted liquid) before the beginning of
the experiment was compared with that (100-fold diluted liguid) after
the beginning of the experiment (October, 2009), and as a result, the
S8 removal ability was greatly enhanced after the beginning of the
experiment (Table 22).

[0264] In the cases of Strain D + Strain H, Strain E + Strain
H, and Strain F + Strain H, the S8 removal ratio was lowered, but it
is thought that such a phenomenon did not occur in the activated sludge.
The reason is thought to be that in the Difco medium, growth of Strain
H becomes active, but growth of Strain D, Strain E and Strain F is

inhibited and the numbers of these strains are decreased (from



(327/0] Gable-24; Starch decomposition property, fat and oil decomposition orop(e-ty, SS removal ratio
and night soil decomposition property or Stains 10.C Starch Decomposition property Fat and oil
DewompcsiLitn property SS removal ratio(B) Night soil Decomposition property

microscopic observation). Presumably, it is not the reason that
protease activity of Strain D, Strain E and Strain F is inhibited.
[0265] In 2010, reduction of sludge much further proceeded. That
is to say, Strain A + Strain B disappeared, and Strain C underwent
variation to strains having higher pollutant decomposition property,
such as Strain D, Straink, Strain F, IRN-110 strain and IRN-111 strain.
It is thought that the effects of Strain A + Strain B are to decompose
pollutants and to support growth and acclimation of Strain C while
StrainCisacclimated to sewage and pollutants, and undergoes variation
to Strain D (Strain E, Strain F, IRN-110 strain, IRN-111 strain, etc.).
It is thought that by virtue of addition of StrainA + 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 168
rDNA as that of Strain C, and the SS removal ratios regarding the cooked
meat media (Oxoid) 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 Identification SS removal ratio (%)
isolation name Oxoid product Difco product

Nou. 8 IRN 4-1 65 38

2009 IRN 6-1 87 55

Apr. 7 IRN-45 73 43

IRN-110 73 70

2010 Jun. 23 IRN-111 75 60

IRN~-112 64 64




Oxoid preguct-Ditco product Strain A. (FERN 3P-1128C) AA AA 24 40 Strain B (FERN 8h-11281) AA
7 103

[0268] As can be seen from Table 23, the genus Bacillus bacteria
having been isolated by 2009 exhibited a high SS removal ratio in the
case of the Oxoid medium but sometimes exhibited a low SS removal ratio
in the case of the Difco medium. However, the 3S removal ratio in the
case of the Difco medium increased in 2010, and a ratio of Oxoid SS
removal ratio/Difco SS removal ratio was lowered. In 2010, sludge
reduction was further accelerated.

[0269] There are described below the grounds for defining, as
a microorganism group having high pollutant decomposition 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 that is
fibrous protein and a SS removal ratio of not less than 60% in the

case of a Difco cooked meat medium that is fibrous protein.



Strain A #:Stsain-B 72 AA Strain C (ERm EP-11282) 76 62 AA [02711In a common opinion,
activated sludge bacteria are regarded 104

{0270]

Table 24: Starch decomposition property, fat and oil decomposition property,
S8 removal ratio and night soil decomposition property of Stains

A to C
5SS removal
Starch Fat and oil ratio (%) Night soil
Decomposition | Decomposition Decomposition
property property Oxoid Difco property
product | product
Strain A
(FERM AR AL 24 40 -
BP-11280)
Strain B
(FERM - AA 77 53 -
BP-11281)
Strain A +
Strain B AR AL 72 83 AR
Strain C
(FERM AR AR 76 62 AR
BP-11282)
[0271] Inacommonopinion, activated sludge bacteriaare regarded

as main constituents of sewage sludge, but actually, undecomposed
pollutants contained in sewage are thought to be main constituents
of sewage sludge. It is thought that since most of sewage pollutants
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 Strain A, Strain B, Strain A + Strain B, and
Strain C having been isolated from the night soil treatment facility,
starch decomposition property, fat and oil decomposition property,
and SS removal ratios in the case of cooked meat media were measured.
As a result, it was confirmed that Strain A + Strain B, and Strain

C having night soil-decomposition property exhibited starch

decomposition property and fat and oil decomposition property, and



as main genstituents of sewage sludge, but actually, undecomposed pollutants contained in sewage
are thought to he main consti- of sewage sludge I 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. Regrdng. Stiniain B, Stralg A, Stial B and Stain C having beensplated from the nich

15
soil treatment facility, starch decomposition property, fat and o compos.tihn property, an

removal ﬁt&og igg@gmqj\%op}%%(% %eggerq(i) were measu gé%airgs%%ta %%gré%ndg@gg that, Strain Al

) ) me§1um
Strain B, and Strain cinight soil-decomposition property exhi ecomposition property

and fat a il c%qgo ition pr er% and 85-2327 105 had a SS removal ratio of rot less than 70%
in the cagga(%‘iggm meﬁiggr?én as é%r%%vsa Tatio of no Tecgseﬁa%”&"fﬁr? ﬁw%aéf&snego% iféo medium

(Tables 22 ct_sr__al strains or bacterial floras having these bgo hemical properties were defined
asso of F%%ﬁ%gﬁgéf Zéggﬁ%%ggﬁjﬁspr%%%em% fain A and Strain B di ﬁ%?e?ﬁigﬁur%%nFSOH

Single S DY IS Bt ot I WP oRG(cH, JRat S and MoKl oA0H iy e Supposed of
a single kind o, o, ar mote winds: J0274) -gL Rhodogpeeus fubber hodiagreus ubber is known to
have various synt%et
decomposition property is composed of a single strain or a single
bacterial flora inwhichbacteria, yeasts andmolds each may be composed
of a single kind or two or more kinds.
[0272]
(a—-2) Rhodococcus rubber
Rhodococcus rubber is known to have various synthetic
compound-utilizing properties, such as polyhydroxyalkanoic acid
decomposition property, vegetable oil decomposition property,
decomposition property to various cyclic hydrocarbons (e.g.,
cyclododecane), higher hydrocarbon ether compound decomposition
property, methyl-t-butyl ether decomposition property, and secondary
alkylsulfuric acid decomposition property. Rhodococcus rubber is
thought to contribute to removal of detergent, fat and oil, and other
polymeric compounds. In July, 2008, Rhodococcus rubber bacteria of
4x10° to 8x10° cfu/ml were observed in the sequencing batch reactor
70,thosecﬁf7XI05to14X105cfuhﬁLwereobserved:Uuthesludgeretention

tank 30, and they were detected throughout the year. Rhodococcus rubber

can be easily identified by the specific morphology of the colony (the



und tilizing-properties, such as polyhydroxyalkanoic acid decomposition property, vegetable oil
decomposition proper decomposition property to Y%réous 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
contribut: detergent, fat and oil, and other p. lymeric compounds. In July, 2009, P
odococcgg %ﬁ?;%ﬁ%hfo%%i‘o to 8x 1 s“%&ﬁﬁgﬁi W F‘egg s‘er\‘;%ég | Oﬁ%%éﬁuéﬁ@%ﬁ%i’t@ﬁ reactor.
70, those. of 7x105 to Agxlloé%ché% were observed in the sludge retention tank 30, andtheywere
detected throughout the year. RRociococcus rubber can be easily identified by the specific morphology
of the colop ﬂhe 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-iIizing%)_r%e%,cersgggasce gr%duuccetigg property, 016 hydrocarbon-utilizing property, etc., and
is thobe t to contribute to romovalcoflpoiyerl.c compounds such as detergent Micrococcus 7.uteus can
.the co a%d. trﬁa] microscopic ohsorva:icn of the bacterial cell.
Svan X105 ¢

July, 2009, Micrococcus Iuteus bactéria of Rot more tan TXTO5-Cfifmi wete Hetddted R the’ -

sequenc'r&g Csh reag%;gc?@igndggo%e of Iy& % 0 4%105 cfu/mL were detected in the slildbe retention
tank 30. éfOZ?L% 2) Ricaligenes theC1 4 CHes 1RECATE SXHIBIS Tittate ion- Ut property & nitrogen

removing property, With removal of nitrogen, BOD components are consumed. Alcaligenes fbecalis
FOREMY,, 1 Iﬁ oy P - - IJeTe
forms a %é%t-cgloreg %r%ﬁ%p%cr}eﬁfj ¢o 6%1%)/%}%p%%lfllf§ Hn%?%ﬁo%g;? ShdBah e %%W‘rﬂ‘é%lf%‘d‘?% July,
2009, Alcaliogeenes faegalisp?ccugied ab0L£JV7t 25% of the total number of baote.ria in the sequencing
as . C

batch reactor 70-and occupied aboat gRYs of 8 totRIFuRToer of bacteria i the iUy Fetdition tank

30- 10273 Nokes B f e e spnponip consilered uvil en v egie 292 88 298LAYT 1,

be easily identil\gleglrb the coI9n¥E§n%rgle.

July, 2009, Micrococcus luteus bacteria of not more than 1x10° cfu/mL
were detected in the sequencing batch reactor 70, and those of 1x10°
to 4x10° cfu/mL were detected in the sludge retention tank 30.
[02743

{a~4} Alcaligenes faecalis

Alcaligenes faecalis exhibits nitrate ion-utilizing property
and nitrogen removing property. With removal of nitrogen, BOD
components are consumed. Alcaligenes faecalis forms a light-colored
transparent colony of specificmorphology and can be easily identified.
In July, 2009, Alcaligenes faecalis occupied about 25% of the total
number of bacteria in the sequencing batch reactor 70, and occupied
about 50% of the total number of bacteria in the sludge retention tank
30.
[0275]

Notes 8: It has been commonly considered until ten years ago



(or also @%Erf§%9t) that removal of nitrogen does not occur under the aerobic conditions, However,
studies of .41calighes faecalis and Pare coccus alla‘l;trificans 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 then removal of ni 0@5’” ia erg)%rnied, SOD components areutilized. Genu
ar

tr
Paracoctis bacteria formiight oF darkpink traivaparent cBlones ahd %%%engﬁsiﬁﬁﬂ‘éﬁtiﬁgﬁi% July,

2009, genus P3 ra coccus bacteria of 2 x105 to 6 x 105, cfu/rri, appea red in the sequencing batch
reactor 0, ahd ThoSE Of AXL05-to 12x108 OFIML a;)sﬁiéjarle%isinot‘%ﬁészdzg]@ rétentiontank 30.70277] (a-6)
Genus odohact%rsbggteria GenlgsRhodobacte%)ﬁgterlaexhibit ni.trateionreductiornroperty and

ROV tabolizé phosphoticatid Gémis Rhbdchabter bactéria form

. 1trificans
nitrogen Tehoving propey, And thay i
specific colonies and can be easily identified. In July, 2009, genus Rhodobacte bacteria 0f2x105to
X105 il ee dtocied i te SaHUBNGING HAtEH feabr 70- dhd (0% OF 560 to 8x106 cld/Mai
were det{e%c’}g% in the sludge retention tank 30. [0278] (a-7) Genus s-h4ngobacter bacteria SF-2327
108 enus Sphingobactiar bacrerra exhibit nitrogen removing property and phospholiold
(Sphingolipid) accumulation property. Genus .51ch ingoba ter bacteria form yellow coloni.esand can
be easily identified.. Ph&y ars't ({46 CoRtribteTenfoval of phosphoric acid. In1Yr 2009, Genus
Sohingobacter bacterja of <Ix105 cfu/mt appeared in the seauencing batch reactor 70, and those of

1x105 to 4x105 efafmAaiedrstin e Sltdye AeARic tank 367 ItE Sorhétimes Uifficiit i distinguish
them frogrp1 (a-8) Rhizobium loth_ [0279 (a-B) Rhizobium loti

em €xhibits nitrogfen removing property, and when removal of nitrogen

is performed, BOD components are utilized. Genus Paracoccus bacteria
formlight ordarkpinktransparentcoloniesandcanbeeasilyidentified.
InJuly,2009,genusParacoccusbacteriaonXIO5to6X105cfu/mLappeared
in the sequencing batch reactor 70, and those of 4x10° to 12x10° cfu/mL
appeared in the sludge retention tank 30.
[0277]

(a-6) Genus Rhodobacter bacteria

Genus Rhodobacterbacteriaexhibitnitrateionreductionproperty
and nitrogen removing property, and they metabolize phosphoric acid.
Genus Rhodobacter bacteria form specific colonies and can be easily
identified. In July, 2009, genus Rhodobacterbacteria of 2x10° to 6x10°
cfu/mL were detected in the sequencing batch reactor 70, and those
of 2x10° to 8x10° cfu/mL were detected in the sludge retention tank
30.
[0278]

(a=7) Genus Sphingobacter bacteria



It is thouglat that Rhizobium Intl relates to metabolism of phosphoric acid and contributes to removal of
phosphoric acid. Rhizohi ubacteria of <1 x105 cfu{m} 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) Genggo%gpgggg@yt gpggb§gg'5naoe %elrkggﬂligﬂurb% tuer came to be detetcted in the
i Aber of bacteria, and iR Sep

sludge retention tank 30 during the measurement of the number o |an,1 an epﬁ?rﬁbér, 2009,

Strain Gof 5 Qgégw(grjl'ﬂgvlecge %gtfe%@i%’tlg@%%%% @gpggn tank 30, and those of 2.5x101' ctu/mi,

i : Ty, ;
were detected in the sequencing batch rea series ofl t%% gtrré}lﬁgﬁa\(nng eene%slsolatedwere

entiecos Peniol SF21 108 uhalup b s, SIaf A 0L285 (ONA bace sequences and he gen

cc. Peniciin turbutum exhibits strong starch decompaosition prope oil composition property

and cellulgse decomposition roperty. Penicillium turbatuili is known to produce antibiotics. the sewage
treatment faé/ility, growth %f infTuentO tri\'IaFn:L ntclﬁu% ﬁaetgt%¥iaa”wcé§ \ﬁ%gﬁgﬁlg v the %@wgfn%i%%étch

reactor fm @b%&@gud%% i%%g?% aacntdefrrot% CMcaeyr J;ago(g OQ‘Q’JP&) gh[%é %cl ﬁg %)égrow ailgr number of

. ’ ar . 8
filamentous bacteria undergoi ecomposition were observed) easts m about

August, 2008, existence of yeasts was confirmed, by microscopic.observation of sludge in the sludge
retention tagnkeSO. Is Ia%on %gomat%gosﬁugg’e ?gt%er%%yns?aﬁéosfongastgttﬁer&p@ ?iﬁl {Wé’raﬁgpﬁﬁ)@egnd U.inc
2009. That i ,h%trglﬂjl ichia fermentancsg q{ndagtralqggunllermondld were. ;g[dedjnn March to perform

. . etention o 1.5, Some : 5
isolation, and Strain éafactomyces geOI%I‘IChI m/Geotrichim sﬁ\}i%ﬁa, retations tfp bBtween

sexuality andasexpality):was added in.June 2009, to perfarm. isolation.
[0279]

(a~8) Rhizobium loti

It is thought that Rhizobium loti relates to metabolism of
phosphoric acid and contributes to removal of phosphoric acid.
Rhizobiumlotibacteriaof<1XIO5cfu/meereobservedinthesequencing
batch reactor 70, and those of 1x10° to 4x10° cfu/mL were observed in
the sludge retention tank 30. It is sometimes difficult todistinguish
them from (a-7) Sphingobacterium sp.

(02807 (b) Molds and yeasts

(b—-1) Mold (Strain G)

From about May, 2009, Strain G (Penicillium turbatum) 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 5x10°
cfu/mlL were detected in the sludge retention tank 30, and those of

2.5x10% cfu/mL were detected in the sequencing batch reactor 70. A

seriesof thestrainshavingbeenisolatedwereidentifiedas Penicillium



[0252]Eagh_of Strain H, Strain | and Strain J exhibited strong starch decomposition property, fat, and
oil decomposition property and cellulose decompagsjtion property. In June, 2009, the total number of
strainsCD Strai n H, Strain and Strain J was I1x103 cfu/mL in the sludge etention tank 30, and Strain H
occupied about 20%, Strain | occupied 110 the similarity of 265 rONA base sequences and the gere

tree 102837Ngtes 9 Isolafion.ofyeasts. . Jlp 1,000,mhof distlled water, 5.0 of Rotato starch. 5 g of

soluble starch, 5 g of glucose, 5 g of Nutrient Broth (manufactured by Oxold, code: CM0001) , 4 g of

Peptone R manufactured by. Oxold, Gode: 1P0049), 2 0 étdf&sfgagfas&%%@@%gg@ﬁ%grby Eacto,

code: 212750) and 16 a of agar were suspended. The suspension was adjustedto pH 3.8 by the use

of ciiie s gl then-stedized At LlabJor - migules Ja prohare a fel mediu as.an lsolation medium

for easts. [0284;0nto the medium, 0.1 mL of tank water of the sludge retention ta was spread

out, then fram.a.cgl. Op%squﬁvi%'t%@%%r days,fisting yas pariormad, fellowed by syiing.

1CS Il .
The strains obtained by :(Thng were subjected to purificacion 3times by a dilution method to obtain

pure straing, ;F%wsc@%m%%z%g ing Suaingapiained oy, 1anind yas.a Nutent frotnyglucose

medium described’in Notes 6. [0285]Notes 10: Preparation process for seed bacteria used in e

exam ple&%aasn @QQ}Q&%%%O{ xgh% 5 e ng nldQL%% %é!l’tgkdirsé[ | Ig 9 owa rcbr% %go%‘thl atrril%%trB o

(manufactured by Oxoid, co M-4), 10 g of glucose, 2 g of a dry yeast extract and’1 g of'agar

were disggl(\lleglr S‘Hd Qe Soilét'bcgﬂ ngasrtgrilizc%deat 1%1% dfor %tS minouv}e a aiptrodgggg %b%%t 1 liter of
solution is necessary ihto a stainless steel vat {Wi(t:h\lll , about 23 ¢m x cmgjehavmg een previously
sterilizedfﬂgereeb%/ 5 flaggtél%uerreirgedia were ,SEB§327 1115 epared. OZS%lStraindA Strain B and

Strain C were cultured in advance in ?ggtﬁggéggtralﬁ:c%mr%ﬁ,s {est V’tql.ﬁoee-)g r%uenrxew&é scattered in the

first vat, %rﬁ was s_cattered 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(gt_e§-) OQQ%HC'%O' water.
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 June 2009. That is, Strain I (Pichia fermentans) and Strain
J (Pichia guilliermondii) were added in March to perform isolation,
and Strain H (Galactomyces geotrichum/Geotrichum silvicola,
relationship between sexuality and asexuality) was added in June 2009,
to perform isolation.
[0282] 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
strains of Strain H, Strain I and Strain Jwas 1x10° cfu/mL in the sludge

retention tank 30, and Strain H occupied about 20%, Strain I occupied

about 20%, and Strain J occupied about 60%. They were identified by



[0287]Thesuspension was diluted in a dilution of x104 times, a di lot O of Ix10' Limes and a dilution of8
times, and OD was measured at 600 rm. From the Jiterature, Oh proved to be 0.3, and it was taken as
about IxiOcells/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 gﬂ%@@ﬂ@i@% Opthe otherhand, 1 lite of a liquid havl.ng.a seed bacteria concentration of
8xcells/ML was prepare %énd a(?c%[d to the slua(aesr%?élrﬁ?onetsan “éio%&a\ﬁﬁ%%n%‘e%ﬁation: about
2x106 cellsimA). The se g%g%teéiat uslprggared generated Feat of about 40C during culturing . The
culture k?glving s?porulaedE id net r’abEﬁ;C/) return to nutrient cells though it was culture at 32C in a
nutrient medium..Abou days after.the .addition of seed bacteria, spores of them begun 70

. T ?,bﬁjr@( ajfter;the.additi s .
germinate. Before the’addition of seejdgbécteﬁa, t aé{r?lfmbé)rg o?é?a%ﬁ%%té)mm}s? Bgét’en% iA tﬁéf
sequenc'g&%%tfh reactors were 5x2%05 cfu/mL and 6x10s cfu/nd, and the number thereof in the sludge
retention tan 3oewsaéaél%-23 71T %%1\]0%9 (S:Ieu'/rr:g.dL.Q[Ta%’;’gé%rg'rlnéoz}/%l.B r%fi% |n< ‘Cénél;%g;ec%ﬁgid

cooked meat medium was ﬁw%’o the SS_removal ratio in the case of Difoo cooked meat medium
as 289%. After the éd%?#oen'o the @gg’d%gctoefr?get%gog reer%)okl%??a %oa in reegiags of(%lr(g(olgeo Meat

medium 8Q%, and the SS removal ratio in the case of Difco ook%d meat mediu 82%
(Table 2%% ihus{,’thaegpg u%an{}ﬁgggr%%gékgﬁ%ﬁo%%?@uvﬁgg%%g yb nhanced ﬁgﬁl‘e? %\ggg?) 10, 12
and Dr))ag%?el(guia%en Genomic DNA Hand ogk (28%[),50 38-39) Notes 11: A starch

decomposition prgpeﬁyatgétra?{g afat and ol 8e(:omp03|tic1)lng %?85’&?? &8t vare) E8rried &t iR

accordance with, Toshikazu_Sakazaki, Etsuro hizaki, Kanji. Mikj, "Shin Saikin Baichigaku kozs Ce-1
(New St%di%es? n gc‘tlesr?ai)l&é:é%%ﬁlEéic(fﬁregi?o’c\{lu%n?fg Li'v?lé?ﬁﬂ*, i%%gi%h% %%%&Sﬂ&%‘ﬁe@%
decomp(g%ition property t%gitgtar%elgi.egx described b(ilogv_, torgether,- with_a cellulose decomposition test.
[0289]Stafch decomposition property test Test strains wera inbcutatddan agAr it medium containing
soluble nd cultured at 32C. In a colony formed after 2 to 1 days, several droplets of an
iooline-pfftg;jl&s%shi4 iodide(§8Fucii§%@(§?§r%?a%rnlg%?£ SOlUtiBAY Wefe dropSed ATAEE Whete™

iodine- h ion h i h iph f th I ' h
odine-starch regcton had dlssppeared pn the periohiey of he solony wes udged (o e starey

decomposmon prope?tyﬁ%ﬁ%iacatga%y '
days, fishing was performed, followed by culturing. The strains
obtainedby fishing were subjected to purification 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
the examples and addition of them
Inl,000mLofdistilledwater, 15gofNutrient Broth (manufactured
by Oxoid, code: CM-1), 10 g of glucose, 2 g of a dry yeast extract
and 15 g of agar were dissolved, and the solution was sterilized at
121°C for 15 minutes and introduced (about 1 liter of solution is
necessary) intoc a stainless steel vat (with 1id, about 23 cm x 32 cm)

having been previously sterilized, whereby 5 flat culture media were



113 0 y(zLThsrient Broth (manufactured by O 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. oulf s soli; on was prepared by dissolving 0.2 g of iodine and 0.4 gor p'otassium fodide
stiP led water, and the resulting solution was stored in a brown bottle. [0292]Fat and oil decomposition
property Tests rairns,w e inoculated in a ar flat medium for a fat and oil decomposition
property {igggagsrj]d culture%tata’o’léqc%gbrgztéaﬂ? afsr?d/; %gjéglwnhgg %Frfst%}lsﬁ(%urégﬁic% acic gfh%ﬁ% salt)
had been formed an the periphery of the colony was | edfrt "have fat.and Otg decomposition
property'g'! m%?cga%eoé%%/Q%Az'giﬁc$a€%rﬂ)n.'[ Zé%lThéu gcg%asr %tu r%%%?)dmtfg?% at and oi dgéﬁosmposition
property test was prepar byf reparing the following liguids a.to c, steriliz them, then ranihly mixing
the quuigs? attto%%ig:%,%}og%ﬁg 2% raﬁovf)%rtiognts“glfl t%(reég m“f%tsur%ﬁﬁicotgéft?f%férﬁeshﬁa%?n(ﬁoggeﬁf Sterilized
advance at 121C for 15 minutes and cooling them. %294 Liguid a: in.1 (%10 niL2 of iséi ed water, 8, of
NutrientaBI}gtr% r’Jrﬁ%Lﬁafaéctﬁ?lesdt)Sny)aitcﬁ(irceoAdé]ghihl\é/ﬂlr-‘f)[,i lgréf 6 uc%%%,%lg% P%?) Srie- righqﬁ actured
g}’%’;‘ﬁ'%gﬁg‘%?sﬁgggggéggg@af%'@/ yeasLgxiract (manufacired by Bacto, codg: 212750) and 159

+

scraped out and suspended in 2 liters of distilled water.

[0287] The suspension was diluted in a dilution of 1x10° times,
a dilution of 1x10° times and a dilution of 1x10° times, and OD was
measured at 600 nm. From the literature, OD proved to be 0.3, and it
was taken as about 1x10° cells/mL. The liquid concentrate was diluted
to 2x10% cells/mL, and 500 mlL portions of the dilute liquid were added
to each sequencing batch reactor (concentration of seedbacteria: about
2.5x10° cfu/mL) .

[0288] On the other hand, 1 liter of a liquidhavinga seed bacteria
concentration of 8x10% cells/mL was prepared and added to the sludge
retention tank 30 (spawn concentration: about 2x10° cells/mL). The
seedbacteriathuspreparedgeneratedheat of about 40°Cduringculturing.
The culture having sporulated did not rapidly return to nutrient cells
though it was cultured at 32°C in a nutrient medium. About 25 days
after the addition of seed bacteria, spores of them begun to germinate.
Before the addition of seed bacteria, the numbers of genus Bacillus
bacteria in the sequencing batch reactors were 5x10° cfu/mL and 6x10°

cfu/mL, and the number thereof in the sludge retention tank 30 was



7-14 andsl'ﬁh_eﬁo%tion was sterilized at 121'C for 15 minutes. [0295]Liquidb:10m|o1fa.cal_cidmcnio
desolisionwasprepared, and the solution was Oedﬁt2121C 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 tdcza "ﬁgvecc%h% ose c?%%br%%%sﬁﬁ%ﬁvpargpg?ﬁﬁﬁnﬁ%attgﬁ By “AA* In %]rég Zi?.gf@%gsr]“?ﬁég agar flat

medium containing a cellulose ; der,was prepared by dissoof Nutrient Broth (manufactured by
Oxoid, cgag%&lf\l/l- S 7%0"1’ g uncdgé%(\a?,{ 2 éggfrﬁegr?t%p??%-ﬁa(rrﬂ%uﬁctﬁ?gd%@Séx%gdp&é%eo: Lﬁﬁ;%@é, 2gofa
dry yeast extract (manufactured by Bacto, code: 212750), 1 g of a cellulose powder and 16 g of agar in
1,000 nU'of distiifed Watér: ggr‘ilizing%%rsg%ﬁoﬁéa%lfﬂ% ?og fé?‘nﬁﬁ?gs?)ﬁw% Fpodring 2o % portions
of the solution into sterilizecipetri dishes and cooling them. Industrial Applicability [0299]The

Yok A0 ginO Capplicable Rot'6rly fB(‘“p WWhGd freatment Bltalso to

efficiencf/ﬁrﬁlgre%&n%amleohé describédher
livestock wastewater tregtment, night soi wreatment and,other food industrial wastewater 35,2327

(Table 22). Thus, the pollutant decomposition property was greatly
enhanced (Tables 2, 5, 7, 10, 12 and 15). (see Quiagen Genomic DNA
Handbook (2001), pp. 38-39)

Notes 1l1: A starch decomposition property test and a fat and
oil decomposition property test were carried out in accordance with
Toshikazu Sakazaki, Etsuro Yoshizaki, Kanji Miki, “Shin Saikin
Baichigaku Koza Ge-1 (New Studies on Bacterial Medium Lecture Volume
Two-1)”, Kindail Shuppan Co., Ltd. These decomposition property tests
are briefly described below together with a cellulose decomposition
test.
[0289] Starch decomposition property test

Test strains were inoculated in an agar flat medium containing
soluble starch and cultured at 32°C. In a colony formed after 2 to
7 days, several droplets of an iodine-potassium iodide solution (Gram
staining Lugoul’s solution) were dropped. A case where iodine-starch
reaction had disappeared on the periphery of the colony was judged
to “have starch decomposition property” (indicated by “AA” in Table
24 .

[0290] The agar flatmediumcontaining soluble starch was prepared



115 treatments, and is applicable to increase in efficiency of treatments in various fields. Reference
Signs la: raw water 2a: first treatment tank or firsh1 uencing 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:

secondexcesssludgetankarthickenedsindge retentionttank 1.0a: slydge thio’ ntk@ Figs. 1to)
lla: sludg)%yreétjéﬁfcigg tank (%r th?ck%éﬁeéals &gg%rr% gnggﬁqgﬁﬁ?%uﬁﬁé%%t%@lg’ “9%%; f‘g%t é)%dess

sludge tapk or slydge retention tank equipped with aerator and stirre 19a: second excess sludge
tank or th?c%e%iégl %ﬁjg@dpg%erg%eﬁmagﬁl %fn%g%%fg&é/dgﬁﬂf%ér%&%n& 5 i(r)rée% )1'4£ %igghg} ecglﬁ%igen Figs.

ltos)153:8X8%S%%%E@?5H§¥EQ%%?N%Sg“%¥ea dry yeast extract (manufactured by

Bacto, code: 212750) and 15 g of agar in 1,000 mL of distilled water,
sterilizing the solution at 121°C for 15 minutes, pouring 20 mL portions
of the solution into sterilized petri dishes and cooling them.
[0291] The Gram staining Lugoul’s solution was prepared by
dissolving 0.2 g of iodine and 0.4 g of potassium iodide in 60 mL of
distilledwater, andthe resultingsolutionwas storedinabrownbottle.
[0252] 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 32°C for 2 to 10
days. Acasewherecrystals (organicacidcalciumsalt) had been formed
on the periphery of the colony was judged to “have fat and oil
decomposition property” (indicated by “AA” in Table 24).
[0293] Theagar flatmediumfora fatandoil decompositionproperty
test was prepared by preparing the following liquids a toc, sterilizing
them, then rapidly mixing the liquids a to ¢ at 85°C, pouring 20 mL
portions of the mixture into petri dishes having been sterilized in
advance at 121°C for 15 minutes and cooling them.
[0294] Liguid a: In 1,000 mL of distilled water, 8 g of Nutrient
Broth (manufacturedbyOxoid, code: CM-1), 7gofglucose, 4 gof Peptone-P
(manufactured by Oxoid, code: LP0049), 2 g of a dry yeast extract

(manufactured by Bacto, code: 212750) and 15 g of agar were dissolved,



Xa: sludge-withdrawing step SE-2327 1. 0 Fa: sludge returning step _Se: sIu_d_ge 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 Liguid 22; precoitafed sludge (@xcess sludge) 23xgffiuent (in Flgs, S to 7) sludge retention
tank (i. Figs. 5to 7)
[0295] Liguidb: 10mLofal%calciumchloridesolutionwasprepared,

and the solution was sterilized at 121°C for 15 minutes.
[0296] Liquid c: 10 mL of Tween 80 (or 60 or 40) was sterilized
at 121°C for 15 minutes.
[0297] Cellulose decomposition property test

Test strains were inoculated in an agar medium containing a
cellulose powder and cultured at 32°C for 2 to 10 days. A case where
a transparent 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 dissolving 8 g of Nutrient Broth (manufactured by Oxoid,
code: CM-1), 7 g of glucose, 4 g of Peptone-P (manufactured by Oxoid,
code: LPO049), 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 mL of
distilled water, sterilizing the solution at 121°C for 15 minutes,
then pouring 20 mL portions of the solution into sterilized petri dishes

and cooling them.

Industrial Applicability
[0299] The efficiency-increasing method described herein is
applicable not only to sewage treatment but also to livestock wastewater

treatment, night soil treatment and other food industrial wastewater



31: stirre I:,<:71_r1513r§tf3\ined sludge 40: sludge thickening tank (mrr_1 Fins 5 to 7) 41: t_hickened sludge_ 50:
thickened sludge retention tank 51: stirred, thickem?t% and retained sludge 52: discharge sIudge 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

Ueannen%?ég@%g%?greﬂmiis applicable to increase in efficiency of treatments

in various fields.

Reference Signs List
[0300]

la: raw water

2a: first treatment tank or first sequencing batch reactor

3a: second treatment tank or second sequencing batch reactor

4a: third treatment tank

5a: OD tank

ba: sedimentation tank

7a: effluent (in Figs. 1 to 3)

Ba: first excess sludge tank or sludge retention tank

9a: second excess sludge tank or thickened sludge retention tank

10a: sludge thickening tank (in Figs. 1 to 3)

1la: 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

13a: second excess sludge tank or thickened sludge retention
tank equipped with aerator and stirrer

l4a: discharge sludge (in Figs. 1 to 3)

15a: excess sludge or withdrawn sludge

Xa: sludge withdrawing step



performigg_aé‘g%t7sludge returning step Va.: a step of returning sludge, whi oh was previously aerated
and stirred in a first excess sludge tank or sludgelr%antion 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 wi\tjua an aerator q:nedt% rstirrner, tsq[a treatment tank, a sequencing batch reactor or an
anaerobic tank, and n?amtaming%e%um%%r of genus Ba ci 11 us bact e ia in the treatment tank,

the sequencing hatch reactor or the anaerohic tank, to.which g;es dge has been returned, at 2.0x105
to 22.5x105 cfu/lr%%_'. Siu(%.e'ﬁhqélv(\jlgg ej\‘/\rllacrjtes?cter3 a{l%%ﬁ %&%Coi gssg%(?r%eéota}qnlc%ﬁﬁlf?u?ﬁ%%

comprisingy;rforg};r%g a second sIu}cllggereéurngr}ll%sEe%Na: a. step of returning sludge, which was

previousf’y aerate dksetﬁ%&?iﬁn%% second excess s ued>ge tank or thickened sludge retention tank

equipped with ac\lfgeraftgg Sagdsai ggrrgr, rtoi_the first excess sludge tank or sludge retention tank 12a
equipped with an aerator anda’ s irfer.” SF2321919°°Y 3. The wastewater treatment method as

claimed in claim 1 or 2, further mprising adding a treatment accelerator to one or more tanks
. . a; se%oq( S ll %F returnt g %t%% 5
selected iron: a first treatank of first sequencing batch reactor ?a, a second treatment tank or second

sequencing batc{s_reactoar I:{’_Ba,oar tmrdsgg%grgent tank 4a, an OD tank 3a a first excess sTh 3ge tank or
sludge retention anl%%“é,% second 8xcess glﬂdge tank or thickened sludge retention tank a sludge

thmkemngtank%gaéeed bacterial flora

3: stirrer

10: zeration tank

11: stirred liguid

12, 13, 14: treatment tank

20: sludge sedimentation tank

21: supernatant liquid

22: precipitated sludge (excess sludge)

23: effluent (in Figs. 5 to 7)

30: sludge retention tank (in Figs. 5 to 7)
31: stirred and retained sludge

40: sludge thickening tank (in Figs. 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



a sludgeSrEe_t @tizop tank or thickened sludge retention tank 11a, the first excess sludge tank or sludge
retention tank 12a equipped with an aerator and 1s;irrer, 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 géqu%gogaisgnig or.a %ili%on cgm@pound, a magnesium compound, an aluminum
compound, peptone anda d}y ye%s extract. °““"%. 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
....qQuipped 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 (I) : 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 dg}_Ai_ch%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 327 121 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 dischargedgﬂ?&ghe 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/o[gx aé:ggtrgugal tr%icker%ing rpacl'kirge §O, and a step (5): retention and discharge
step wherein the thickened - Udge obtainedin & Step 4 s retained inathickenadehidfgereidntion tank
50, and apaét %f tpg slgdgegs ditschaVrJged gut of the system, installing at least an aeration device
selected from an aeration device and avéﬁrrlenrg dévice in the sludge retention tank 30 and/or the
thickened sludge retgntion tank 50, totarrlan e a retention tank 30 equipped with the device and/or a
thickened sludgé retention tank 6%%ui%p%§ Viththe device 4R gérforntingthe foffiowing Siddge ret
ning (1) anldlgr gl): hi sludge returnigi (I%é withdrrgv@n stirred and retained sludge 31 obtained by
aeration ‘Or @etation and stifrific it the Sitit gé fention t 6 equigied With & GEViceand éturming

the slud%e to, SF-2327 122 tjeéaeration, tan_ 10, and/or , ‘
ludge tank or sludge reténtion tank 12a equipped with an aerator and

astirrer, toatreatment tank, a sequencingbatch reactor or ananaerobic
tank,
and/or a step of returning sludge, which was previocusly 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 thenumber of genus Bacillusbacteriainthe treatment
tank, the seguencing batch reactor or the anaercbic tank, to which

the sludge has been returned, at 2.0x10° to 22.5x10° cfu/mL.

2. The wastewater treatment method as claimed in claim 1,
further comprising performing a second sludge returning step Wa: a
step of returning sludge, which was previously aerated and stirred
in the second excess sludge tank or thickened sludge retention tank
13a equipped with an aerator and a stirrer, to the first excess sludge

tank or sludge retention tank 1Z2a equipped with an aerator and a stirrer.



sludge retyrnjng {I1): wiLharawingst r-d, thickened and retained. sludge 51 obtained by aeration or
aeration and stirring. in the ckened sludoe retentign §gank 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, devige.and {he ned slurgg retention tank 50 equipped yith the
device, and maintaining the number o genus Bacillus bacteria in the tank,rio which the sludge
flood ant,and th trient have been added, at 2. 0x10 to 111x10 ofu/mr,. 8.The wastewater treatment
method rgis'. c?é% r%%e%%ﬁr c%ﬂl‘ﬁ% %/vlh%e%e?n i%‘enge?a%gﬁ ?aifrﬁ(ef%) is %8%%@0%%%1) of f%/\(/)o or more tanks
connecteﬁ%ﬁgeggﬁ, ect e&n a @%St treatment tank 12, an anaerobic treatment to perform only stirring
without aeration is conélucte?f 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 tenp(%rn%ijyrsstlép%ﬁ%aﬁ%errﬁ%wc%?%gréﬁor{ éﬁa%tﬁﬁ% erlr.ufﬁgélt?oﬁa?abniglﬁe e aeration tank 10
is used also as thS%gdgg erdeirérl],eﬁéatjior%tar}lik 219' 1@0(;!)’@1 v%/gstewater tre%trp%lt method as claimed in
any one of claims ['to 5 wheréin boild an?—ﬂlgﬁly gecomposm%élﬁarfﬁﬁ)r}gs aav?ng%éfgf:c O&ecéjrhposit on
property and fat gnghqilrge(%g:rgg%itig@ rgg}gr%/aand showing a suspended solid [SSj removal ratio,
said S being contained in a cooked meat mediumm (Oxoid) having the following composition, of of less
than 70% and a sus&gnggd sogd [SS] removal ratio, said SS being cant ned in a cooked meat medium

(Difco) having the fo owTr?‘gn }éomap’osition, of not less than 60% are derived from the seed bacterial
floras 2;

a first excess sludge tank or sludge retention tank 8a,

a second excess sludge tank or thickened sludge retention tank
Sa,

a sludge thickening tank 10a,

a sludge retention tank or thickened sludge retention tank 1la,

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
from the group consisting of 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 tanks



compositien ghcebked meat medium (Oxoid) (per liter): heart muscle (dry)73.0 g, peptone10.0 g, Lab
Lemco powder10.0 g, sodium chloride5 0 g, and gligose2.0 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 9. SF-2327 124 The wastewater treatr:method as claimed in claim 10,
wherein E@%B% 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
ESE I;If\lllrggd 1|£|2a8r(1) one 9 of C'é&r@% S7StoSJll C!Nth% Ogagﬁer@%efl%rggengg §It1ratré I%((Bga}i(t:,lllus Lfuri. icrsis;

a second excess sludge tank or thickened sludge retention tank
Ya,

a sludge thickening tank 10a,

a sludge retention tank or thickened sludge retention tank 1la,

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.

6. The wastewater treatment method as claimed in claim 5,
wherein the nitrogen source is one or more substances selected from

urea, ammonium sulfate, ammonium chloride and ammonium nitrate.

7. A wastewater treatment method comprising, in a wastewater
treatment using an activated sludge process, including at least the
following 5 steps:

a step (1): aeration step wherein sewage or wastewater 1 having
a biochemical oxygen demand [BOD] of not less than 80 mg/L is allowed
to flow into an aeration tank 10 equipped 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,



Strain B {Bagillys, 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

and 3 mold of 57U fre: FERNT 93-L1930) anciot ot ook De incof SCasts Solcted o he
(Riohiorme e, FLRMI Bp-1-260) ahil Subin ) (i P iomancF ER 5. 1i208) 14°He
wastewaier Jjeaunent jogthodes lplnuin ov.one of claims 7 10,13, Mhersin the 2ludge flogeulant
contains an alum’ -

liguid 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 wherein the precipitated
sludge 22 obtained in the step (2) is withdrawn and retained in a sludge
retention tank 30, and a part of the sludge is returned to the aeration
tank 10,

a step (4): thickening step wherein the retained sludge obtained
in the step (3) 1s 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
sludgeobtainedinthestep (4) isretainedinathickenedsludgeretention
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
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 a device and returning the sludge to



compoung,. apd a-silicon compound and/or a magnesium compound, and based on 1 g/1 of a
mixed liquor suspended solid ' TiSS] in the tank t \%‘nich the sludge flocculant is added, the
aluminum compound in terms of aluminum oxidecPA 03] 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 [MgOlis added in an amount of 0.07.to 0.5 g,
with the %%%is%etﬂ%%lé}gcﬁgrrh%u%ﬁs %%%?‘ﬁ%um per cubic meter [m-j of each tank and per day

The wastewater treatment method as claimed, in_any one of claims 7 tp 14, wherein the nutrient is
peptone and/or a dry yeaséf%g 2ct and basad Ho‘&n<'§11§§ t%%reagéPéjtigﬁjtéﬁﬁiO Y& WHich fe Hiftrient is
added, pep oneniscgqsq%d ineaglarg«o nt of 0.8 to 70 mg, and the dr¥] east extract is, added in an
amount of 0.1 16 10 mgy: based on 1 6/1 6f MIZS R the SIS réferitioh tark 30 Bqtipped SFi2327
with the Q%\éic% tggvhg%g e ugient iséadded,%e;to e |SS added in an amount of 3.5 to 250 mg, and
the dry yeast Exiactis addedinan amount of 0.7 €545 rigt ANEPPEY BESEY 6n 45l OF MES'S in the
thioened;é%%%%ggter%%on t?ng. 50teq[Lﬂpped Wigh the d(@/{ice to whjch the nutrient is added, peptone is
added inan amount of 2.6 16 150 My, and-the dry {ea5textrattié Hudea m-dh Emotinebro 4 to 25
mg, vvfrhgge}Pr%iso that ea%h am%unt: is an amount per cubic meter [M3] of each tank and per day.
16.The wastewater treatment method a8 Saified in any one of claims 7 to 15, wherein together with
the sludge Ioccalaéléand the EUt ient, one or more ni t rogem sources selected ft-or tne group
consisting of urea- amhioniumMFAte S ammoR Thchionde ahd AntmoRiurh hitrate dreisdded t'the sludge
retention tgnjéhBO e uj%)tp.ed with n’:ge %}evice and/or the thickened sludge retention tank 50 equipped witt
the device, and tHe Aitrogen saUree it terms SFNZ %€ atided™ = -0 EH moUrt B d°p %6 151G based on

1 g/1 of MLSS in the sludge retention tank 30 equipped with the device; and
9 ¥%e dev&ce ang the thickened sf&dgg 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

2.0x10° to 111x10° cfu/mL.

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

performed.

9. The wastewater treatment method as claimed in claim 7,



in an amgunbaf-1to 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 ang or the thickened sludge retention tank 50 to.arrange a
retention tank 30 eq}t{ippeg with tlheg\}dsewO and/or a t ilcl:)lzcéﬁéag%%gaéer%:?!éﬁﬁgnatré%ksﬁ éaﬂ’i% ed with
the devicg, rgggnér&g][%gwq%%ie%migge(ll and/or the s udge returnin adding a sludge
flocculant and a nutrient to one or more tar‘fkesr(%if!C th%n;é?a %%%%Eahi iﬁ?%%%ﬁdﬁ% rpe%n i(ijlﬁc?gﬁk 30

equipped with the. devic a,pgntpeé@ickened 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 anaerpbic treatment to perform only stirring without
§. f% %rea H‘L@T% g

. . i t <
performlng aeration Is con(fugt%a, %}% t%ra secongefpeatmen C%gn 1§ aanjd“ffs S:I.LJ%S% e?ﬁ?reoﬁment

tanks, SFr232L 128 e sged.bacterial flora. 2 arg added, and aeration and stirfing are per formed.

having starch decomposition property and fat and oil decomposition
property and showing a suspended solid [SS] removal ratio, said SS
being contained in a cooked meat medium (Oxoid) having the following
composition, of not less than 70% and a suspended solid [SS] removal
ratio, said SS being contained 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 cooked meat medium (Oxoid) (per liter):

heart muscle (dry) 73.0 g,
peptone 10.0 g,
Lab Lemco powder 10.0 g,
sodium chloride 5.0 g, and
glucocse 2.0 g; and

composition of cooked meat medium (Difco) (per liter):

bovine heart muscle (dry) 98.0 g,
proteose peptone 20.0 g,
glucose 2.0 g, and

sodium chloride 5.0 g.



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 al inum compound in terms of aluminum, oxide

[AI2031 is added in an amount %ft%ogtto 0.,?1%; the silicon compound in terms of silicon dioxide
[Si021 is added in an amount gf 0.01t0 2 g, an?:ltmen thI(T-:l-en%?a?@%Ce%|Su(r:ntj %(1)%%0&% (iﬁ} iths of

magnesi\ ' 01 i in an ouetogng.O%{%O. V\éith'ta e proviso that each amount is

an amount per cubic méter [m.-1 of thetank an asteuiter tréatMent system

as claimed in any one of 232' 129 ex and ased on 1 g/l 0f1,112SS inth -ratio. tank 10
towhichthenutrient%ls aéde%f 'pe%%r%e %@ ;}%jﬁjé%nca%naraﬁbrﬁ%{oqf%.ﬁg ﬁ%@%%ﬁde. e o yeast extract

is added in an mouyr- gf 0lLto % md, .. based.onlg/lor',MSS an the sludge retention tank 30
equippeé with the device to whic afﬁegnou%r'ient 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 amo%]@l%o&g.sqagowégggngtgggfgg%éj%e)%%agétextra t is added in an amount of 0.4 to
25 mg, with the proviso that 6acunt 1 an amount per cubic Metet TnT3[ of 64cH ank ard fer day.
claims 7 to 11, wherein the seed bacterial floras 2 are:-
Strain A (Bacillus thuringiensis; FERM BP-11280},

Strain B (Bacillus subtilis; FERM BP-11281), and

Strain C (Bacillus subtilis; FERM BP-11282).

13. The wastewater treatment method as claimed in claim 12,
wherein 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; FERM BP-11283),

Strain E (Bacillus subtilis; FERM BP-11284), and

Strain F (Bacillus subtilis; FERM BP-11285); or
contain at least one kind of the genus Bacillus bacteria, and

amold of Strain G (Penicillium turbatum; FERM BP-11289) and/or

at least one kind of yeasts selected from the group consisting

Strain H (Geotrichum silvicola; FERM BP-11287),



The wastgwateH-system as claimed in any one of claims 17 to 21, wherein together with the sludge
flocculant and the nutrient, one ormore nitrogen spyrces 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 interps of N2 is added. . i amol 110 15 g based on 1. g/1 of
MISS in. the sludge retenﬁon<r. fank 30 eau%p%%%ivl\?/ﬁh tﬁﬁfév%%%g %I’—’-Z%% 1:30 in an amount of 1

to 15sod onviiSSS'Lpr@fnthbpkfepjggh%lgd%g Jetention ta.P16 %i&pgg%vgié d>the devi ce, with the
proviso that each amount is an amount per cubic meter- fm of each ank an 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 %:@oulatmqnea{;g ctulturitrég in the cooggd meat Qw_edium and %cyx weight (2 of SS

. . STEeEWa reatm m asg, clal T
obtained after culturing without peﬁormlng Eactena?mocﬁahon in the cooked meat' met iim? SO

removal ﬁ@&&@)ﬁ@() Mz(nveﬂ;[e he&byg‘ggas rLiln gojﬁjﬁtgacné &eacoppco%g%g r[?Serfaonrm(_ﬁ Cﬁﬁf u%lctivated
sludge microorganisms cohtained in the seedbacter ai flora as describedin any one of ¢iains 7 to 22
or in the pgliutanlipiohly degompasing bagterial floras a5 deseribed in any one of claims 10 to 16.

a magnesi compoun

based on 1 g/1 of a mixed ligquor suspended solid [MLSS] in the
tank to which the sludge flocculant is added,

the aluminum compound in terms of aluminum oxide [Al,05] is added
in an amount of 0.01 to 0.5 g;

the silicon compound in terms of silicon dioxide [Si0,] 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 0.01 to 0.5 g,

with the proviso that each amount is an amount per cubic meter [m’]

of each tank and per day.

15. 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

basedonlg/l of MLSS in the aeration tank 10 towhich 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 g/1 of MLSS in the sludge retention tank 30 equipped
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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 sludge retention tank
50 equipped with the device to which the nutrient is added, peptone
is added 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 each amount is an amount per cubic meter (]

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 flocculant and the
nutrient, oneormorenitrogensourcesselected fromthe groupconsisting
of urea, ammonium sulfate, ammonium chloride and ammonium nitrate are
added to the sludge retention tank 30 eguipped with the device and/or
the thickened sludge retention tank 50 equipped with the device, and
the nitrogen source in terms of N, is added

in an amount of 0.1 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/1 of MLSS in the thickened
sludge retention tank 50 equipped with the device,
with the proviso that each amount is an amount per cubic meter [mB}

of each tank and per day.
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17. A wastewater treatment system comprising, in a wastewater
treatment using the activated sludge process as described in any one
of claims 7 to 16,

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 eguipped with the device,

performing the sludge returning (I) and/or the sludge 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 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

2.0%x10° to 111x10° cfu/mL.

18. 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,
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the seed bacterial flora 2 are added, and aeration and stirring are

performed.

19. The wastewater treatment system as claimed in claim 17,
wherein by temporarily stopping the functions of aeration and stirring
of the aeration tank 10, the aeration tank 10 is used also as the sludge

sedimentation tank 20.

20. The wastewater treatment system as claimed in any one of
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 liquor suspended soclid [MLSS] in the
tank to which the sludge flocculant is added,

the aluminum compound in terms of aluminum oxide [A1,05] is added
in an amount of 0.01 to 0.5 g;

the silicon compound in terms of silicon dioxide [$10,] 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 0.01 to 0.5 g,

with the proviso that each amount is an amount per cubic meter [m’]

of the tank and per day.

21. The wastewater treatment system as claimed in any one of

claims 17 to 20, wherein the nutrient is peptone and/or a dry yeast
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extract, and

basedon1lg/l of MLSS 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 g/1 of MLSS in the sludge retention tank 30 equipped
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 sludge retention tank
50 equipped with the device to which the nutrient is added, peptone
is added 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 each amount is an amount per cubic meter [m®]

of each tank and per day.

22. The wastewater treatment system as claimed in any one of
claims 17 to 21, wherein together with the sludge flocculant and the
nutrient,oneormorenitrogensourcesselectedfr@mthegroupconsisting
of urea, ammonium sulfate, ammonium 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 with the device, and
the nitrogen source in terms of N, is added

in an amount of 0.1 to 15 g based on 1 g/1 of MLSS in the sludge

retention tank 30 equipped with the device; and
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in an amount of 1 to 150 mg based on 1 g/1 of MLSS in the thickened
sludge retention tank 50 equipped with the device,
with the proviso that each amount is an amount per cubic meter [m’]

of each tank and per day.

23. A method for measuring pollutant decomposition activity
of activated sludgemicroorganisms, comprisingcalculatinga SS removal
ratio fromthe following formula (i) usinga dryweight (X) of a suspended
solid [SS] obtained after bacterial inoculation and culturing 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)/Y}x100 (1)
thereby measuring pollutant decomposition performance of activated
sludgemicroorganisms contained in the seedbacterial flora as described
in any one of claims 7 to 22 or in the pollutant-highly decomposing

bacterial floras as described in any one of claims 10 to 16.



