WASTE FLUI D TREATMENT USI NG FI LAMENTOUS FUNGUS OR ACT1NOWCETE BACKGROUND
OF THE I NVENTION Field of the Invention [0001] This invention
relates to a technique for waste fluid treatnent using a filamentous fungus
or actinomycete. Priority is clainmed on Japanese Patent Application
No. 2010-43711, filed March I, 2010, the content of which is incorporated
herein by reference. Description of the Related Art [0002] A massi ve
anount of a unt_of rice olished rice) is
occupat i o%t@ FJ@@R;’%%SWM { REWTQD%%JGMéﬁ&?WQW&@FﬁEH es or
regi ons, conservation of water may be necessary in certain areas.
Furthernore, since rice I, § r nmount of wastewat er
(that is, waste), it is %%?2‘{3 mgﬁaﬁiﬁﬁ@%ﬁﬁ@}for purification of the
wast ewat Breld ¢ﬁth¢én\ﬁet1@ssary inlarge restaurants or hotels to construct
facilitiesggher treating wastewater and activated sludge and such wastewater
treatnent facr I ities place a burden including not only the building cost of
the facility blkis&veatighitateyQrirpeigiasder wpgeosid treatmentomingrt i onal 1y,

nm cr oor gﬂmm@rf@qu§@da&gﬂbn@%ﬂefy| ng wast ewater. However, it has been
general ly accgl%t ed th t. mul ticell ul ?%tem ch%gr ganj sns _such as_fil anment ous

fungi or acti noAEEIESARIE PEpaneahl ¥R PRSI etO 10r Bl efiled  The reason
i s that Waesel,mollo,thetdmbarnt whidhaet:gamsasd rayingroefdrdicee- di mensional Iy in
wast ewat er, and grown m croorgani sns increase the SS (suspended substance),
which results in a bul ki ng phenomenon. [0004] Pat ent Docunent 1,

whi ch ar Bejcniptippof diedidlated &itn by reference, has proposed a nethod of
treating viashgwat er cont aining fats and oils using a fixed fil anentous
fungus on a carrier in an inmmobjlized state, because filanentous fungus is
capabl e of dACBSBEHY PRIV RS SPRRmedrvheni alargstamsant piwesHipplishadi on of

filanmentous 1§ wwpe;cm@nwxabaﬂedcarsmcerwmé 1§ﬂétrdl@§ly50d¥)hn@éé1t w&&uﬁ'iﬂiéag)rt he

filanment ous ngus q%OOrfher Wi t hl? he carrier in a cul }gure luid, that is,
i mobi | Nf’é{"“& CO TP )Y PHRACEs e e RP e at ORI agEs, péfFagr aph
[0081] oficd \heshﬁfg d@mthaldes urent aﬂl))unthezvas{elv\thrdt-hat ;at\eas‘te)( ﬂ'ﬁs‘hﬁ@b!;sﬁfv ﬂoS applied
for i nmo f
However, kg %%{)%%r gﬁﬁﬂ{ég%\%ﬁf‘n&ﬁ&%}ﬁ E\tg P T n?cngn%ﬂ o\ lgrglp dﬁ%ﬂgalgf’ 8rl i kely
to be sulscﬁelﬁ@re@lonsmmfg@bw@r uaatcngw@éweat@rohndemlwq:dwsiu@wdsw( suspended
subst ancesdewitel e o

00 e Ao iR s WD Pinchial o BT B yn §ROVPIUES | o
are as f@rilisneut 4 S@Gb@I*u"“mé &Shce fil ament ous fungl and actl nonycetes are
mul ticell L[bem]m cr oor gam sms if growth of these m cr oor gani sns can be
properly con@ Eé 055| bl e ﬁ vi de a hi gher gr ade waste
fluid purifi 8?\’661 10% yhgldcr ﬂré’ﬁn ’ﬁ‘é aAEHHGd Cfr dyingResewatesr BeveYTdht i on
met hod Usisihgemgtievatyesceltedget midROMTGlar mlcrod'ﬂganﬁme&e:fhtaslfﬂla/rﬁmtbm provi des a
met hod t f
m croor 8@3 sm#%‘g*%t%e%é Eg@?%?%%a&ﬁﬁﬂ& ?e aaik ’ﬁésﬁ% Wﬁ& ﬁeaﬁ‘l) f‘rhor ane of a
fi | amentbee Pubgeisilarareor s monyy sty tlﬁﬁ?m@!ﬁlebylosdm 141 Vﬁsm\*eltéreairdent ation
with a wabeh- 1ﬁ1@f30@gaﬂllsrms iROERShOKS éé&?%d%@ﬁs‘fdnﬁé) which rEflfisRh §Sent
i nventi n furt rovides a netho waste flui'd purification by |oading
into the L\Mﬁ?#é”?‘?% @8 mi croorgani smimobilized carrier, which contains
hyphal nerfbo@ries of a filanmentous fungus and/ or acti norrycete near the
surface, wher ranes are id-state
fermentation ﬁi/ai%ltég)teo Cﬁ%eﬁalp(ﬁme@a’&m%of%?{% Q%‘&‘ﬁl}ﬁye’%fwlﬁ‘? by Hralﬁf?s{idf‘or
cul t uri nyethpd aﬁ‘emtousmfsmvgateramdt/aonng&tts aeinyibeteg airbdsjonesioos flagus
fil anent&y?strHa%%nqm{o%F g?%ﬁts{a@@wa%ggmamemdda il p%ls P Epattt pnvent i on,

first, a filamentqous fungus or actinomycete (?fby solid-state
f er ment a&qceiﬁpf)ﬁﬂ&faﬁ H}dofﬂ oflt Bu¥ @@@Oéamm@?ihmm ob fiilgednyprsoppiusrmerto

pol yet hythesgrier 1sQﬁer@rbuft bp@ﬁl&ﬁ:@cthé"ﬁ'ld?ﬁ}elﬁodl' fOResabd é?hé?fwrﬁpt'hg%amer in
Subsequentl b filanment ug fun gqré %ﬁh‘t g%&ﬁg which js imobilized
in a figralidrg ‘30‘#’8{}& 'THPPY! ;aqog %f ety ?téteffPILﬁ"dm}“ﬁmé?edFer to carry
out ef firemsplp@OBTj efabé Brreaf Dowmateat 1). w\dhex{ BRAB)state fertﬂﬂnt@tbdnﬁ@t of the

pr esent t. dec | t| on. . of organic
subst anc @Hl}dl'ﬁoq 1&9{&#&1&& gggﬁ{llhg%ﬁm??g I"OR" |§6C§¥1’\?8?1etf§ 8(51 A aBPE bl e 1o
renove SS, especially for purification of food processing wastewater after

food processing including a | arge anobunt of suspended substances such as
wat er used to 1



scrub polished rice, that is, rice wash, or noodle broth, The present
application is characterized by carrying out immobilization of

m croorganisminto the carrier by solid-state fernmentati on, not by
“liquid-state fernentation. For instance, immobilization is realized by
coating a culture solution containing spores of a filanentous fungus or
actinonycete onto porous or fibrous carrier and by fernentation. By

sol i d- stagreblf@rapsen whdron cclds ehyighmentrenhinaweart sikélyrtobd sespandedie sur f ace of
the carrjRfewater and iBHERE cf:i‘t’sniglregs 00‘@(39 ARd SoShal &@) fermentation are
scarcely separated into single cel wat er, t hey grow in the fixed
state on the carrier. Thus, fungi on the carrler surface will not increase
SS, COD rlatBOFtiche fungus bodi es which make it possible to perform
ef ficient rification of wastewater. [0009] According to the nethod
of the pré@@ﬁi application, it is possible to suppress the increase of
putrid bacPecmd@nchenhe Jpresikdal-3appYd cati on makes it possible to grow
fungus which is useful for waste fI uid purification such as a yeast, which
can coexist with filanmentous fun and/ or actinomycetes. Besi des

natural proliferation, itSUXMAR WE%NWM& into the waste fluid.
For i NnStr€&ms W@@@mﬁge ;@Eﬁtggp‘ﬁegs foibest he waste fluid after starting a
purifi catkP great ment By fixed nold. Yeast has good conpatibility with

nmol ds, C@é st sticks to the nold nenbrane within a short period. As a

result, wat e:’rmcsﬂﬂuiihbﬁtoﬁtf gmgi mmhs@ay@e&e drOmIRtcRYadeeRoReSiithenf by nold is
inre In the

consuned

o esent SARMERRS RN pRdapERRc o PebEPLFuPUR I par PR ihlsits
fi | amentpoesdd uhghsr gady wastaftidrponyicaion getbod tgnoire waiventiomaht a| ning solid
carrier ’wﬂi%q/aﬁz(? h%é&tﬁﬁx% tﬁéd”??s’i‘ﬁ%{dn%tch%luqh fer entiated from"liquid-state
fermentation' ungus grows In a“l'iquid. The content of water
cont ai ned{GUR7 1he solid carrier is less than 90% preferably |ess than 60%

and nmost  pr eftRradleyt 1&9@&10&1%15&%{11@&0(1 of Wasté RBIdNRTRAGoPPPloAGRLT ON,
"menbrane of fi arrent ous fun 1%iior act i no%cete "fun us frinm or

"hyphal Heslud ﬁé‘%{ﬁ@"%n’é ’é‘HB d e Whigh 6pntaing g BBl pref erably so
as to cownanbrideofsufibhaestoad finlges Er&i’/dinzﬁtm@hy(&%&t emlnbcmgy@dmd Rawcsur f ace of the

carrier ... emamnmhdwgte% tctlm% % icati g@aougwaste fluid' nmeans waste fluid

Ol’ l‘s() caric
or wastewater contal ning organl 5 SUCF\ as food processing waster

fluid or vvajt’léhc preseyt invérgeniaiher phb\q@mdl thethod obiisig flnlgdirdicagen by qui d f or
cooki ng gy erma/@a@&%L@émiea%ﬁﬁ;%%ﬂ&%ﬁ gclaxlﬂeg Hifh asdflihd on, the

present inverntion is capabl conposi ng an pur| yi ng wast e f|UId
cont ai ni HYPHE MeFdraeg @ha fkmentausSHpiK 2RHN0REINOBRICHE NERSERIPRICON OF THE

DRAW NG [w#@&1] the hypﬂl@lcrﬂbrﬁm\é@e i@ OOPsanARER fhﬂﬁléﬁﬁﬁfoﬁ\&@tcﬁét;@kﬁ to a

| ong-termtreatr i nco r at carri.er haV| menbr ane

ey eon. PEEYAPL B OBESEHFTTER B e Rk e tatuaNe St B na t or |

enbodi meatsonfyctive apd geentofiafilemthions funphs bel/desdnorhedic, Fir st a
porous carri 0 i t /or acti norrycet e
and a |iqui dlﬁv\%d @ﬁ%{jﬁw%&}ogbﬁl}bg’t‘gh@nmh Oﬁgﬁ”‘ﬁgy%&%@ 8&13(:&9?’ ous fungi and/or
act i norry@eﬂ?é@dtcérbeff%eh@rbldpe fgrmengerian lﬁ@rﬁtem@tmmonglﬁcairmmﬂegt fungi and/ or
acti nony¢gkgpyRAk a;sdwemgylmrearu& iR lhéihaﬂg ath@gtﬁrahewu&d@nd/ or

acti nonycefe. Vari ous net hods can be us to soak the carrier in a

l'i qui d. fHE‘cﬁﬁ?rﬁﬁdg‘e@W?m%‘I‘wé@s F GFURMBYRSICeVhiER it O8R4y coating the
liquid ofibtdie oepmrduetamef isilGaRY $itD GvabRENCRIT dréér tbRaRP 0BPHATIGRAI at e anount  of
l'i quid. A e era rrgjt dis to soak the carrier in a starch containing
sol uti onp (eacﬁw\rAln KA ste fluid, and then coat the spore containing

cul ture sglOGti on on the surface of the soaked carrier. Then the thus formed
carrier is | E&n[t hyphal
menbr ane on Atdﬁlet%g%ts)?ltljeeﬁpré%nk ngi RQ&Q% lfS% ocC ?Lecg’%‘nf?%gn% %ﬁ(‘&gg&%r a{)tqed from

t he car r Pgganic[sgbga)ces. Thys, Fhﬁri?é%sﬁeﬁfp@h@zﬁloe 1eﬁ¢)@ﬂtdﬁe@m1)bﬁppﬂlh@l<ptﬂesent

appl i cat k@fovessd esls&eu@ 50 S ARLEMbSIALE b&ﬁ@ssﬁ?g Wh@warbhiith m a porous
carrier soaked with a Starch solution, which i's nutritious for fungi, is

further PESESPEPEHI %&ié@cé‘fn"élmf‘?fl5&?@%‘?9%%@@%‘%&5?“%@/ \éﬁ‘?m'ék‘:‘ﬂ fommycet e, and
then subjected to solid-state fernentation, so that the hyphal nenbrane is
formed thereon. The solid-state fermentation is i npl enented by fernenting
in a bath which is maintained under qptimal conditions for grow ng fungi
(tenmperature: 30C) for several days. "Subsequently, the thus forned

m croorgani smfixed carrier is |oaded into waste fl uid. It was
confirned that the above-described carrier |oaded into waste fluid has
showed prominent effects in suppressing separation of mcroorganisns from
the carrl e effectivel y decorrp05| ng or ganl c subst ances and eff| CI ent I y

e~ F AraAa a7 T L,



2. Aculture solution including filanentous fungi such as Aspergillus
oryzae is coated on the starch containing carrier; 3. The carrier having
anplified filanmentous fungus is vertically held in the fluid, and the fluid
is stirred wwth aeration. [0015] Exanpl es of enbodi nents of the
present application shall be described bel ow. Enbodinent 1. A nethod of
purifying waste fluid including: adding a mcroorgani smimobilized carrier
to the wasuk pplislicd ricodibatgs.miceveshy a@wmoodig&nitem Thonplosdni agdiceder iser cont ai ns
a wat er - GARh@kA,AQAG, Qﬂh‘?l‘h? d ilﬁfﬂ@ﬁﬁ%ﬁl(ﬁ@{ﬁrxl’lr@foo?@gis?n BY(Ptrﬁélcm%Fpg ane of a

fil amentous funqus and act i no‘rR/cete refera near or on the surface
of the waPd-SEGIEEHIANG P SYdiay ‘ftﬁfﬁrf‘é'ﬂ?rﬂ@éipﬁl eFOf IBY®Y6E- by solid-state

f er ment aﬁmmbﬂﬁﬁ@@dismm&eczbyI&temgatchndrcaembdIcaﬂainmgam&@omnt 1, wherein
i mobi | j.zed carrier s

the mcr ani sm aredb ti aliquid
for cur t o RTahaR asl Ry Ring Betolie Bt ARyserel ZapmEadbidy of 't he
filanment ayssohdngmsfcancﬂtmo:aamyﬁmmmmamst@cpmramsc mrfa‘cblmtf dies carrier and
by grow ng.t.pe hyphal nenbrane of the filamentous fungus and/or
actinomycete on the porous or fibrous carrier by solid-state fernmentation.
Enbodi ment 3. Theseflupst growndecolidsint fun@id oo aresiar@ly wiperagidrintorsngle

mi croorg@alzsslwmrom m@@gm%wth@faxé@stﬁ&%w&%&& C?ﬁﬁs’ ﬂ&g@oh i d T or
culturing fjl a nf Ou@éloun gl /[ or _actinonycetes TTEI’I SeSsS spores of
1

the fil af@RCHHE %W@ HEsI %&;tﬁu%ﬁy@&% rogrihg hegﬁ%)?%@ ch Pk us
carrier anghsiiylego pwiforgn éfficichyplreicaiienbs @ngcwdicd he fil amentous fungus and/ or
acti nonmyce 03)08'11_ the porous or fibrous carrier by solid-state fernentation.
Enbodi ment*'4.""The net hod according to any one of Enbodinents 1 to 3,
wherein the fAdcardg oube fietigdsf drdiresenagiplinaimye etiepossibée hisuppresttbes f ungus.
Enbodi me wherein
e T v e

M cr oor gait@is upafisldor apthélugt @gémﬁtli’m%ﬂ‘lt&”ﬁ erycattevhichicareeperist pithament ous

fungi andgiagddRMis888/0r E(Etgg‘og{y@@[be speci es includes Aspergillus , Ryzopus,
favorabl e eci es .i ncl ergillus niger,  Aspergillus

and Mucor. e,

soj ae, and Q@{? Sidgs Pl pipkifgation, &ﬁﬁp?%ﬁ’?‘fﬂs‘f’d‘;)%‘r‘%ﬁ ¢ giaaieif8idas per gi | | us
ni ger. | Fof Bispass iybdse carobainigodude@ &sh thowade ithidoiet Qamnglalpa]mnatﬁuﬁ fungus
and/or a Yeast be d| ectly. incor nt o ste fluid.
[0017] ?[ICdtﬂ%wgf¥1§%(lrm§gizh YgtegﬁaaS oY ous"“apa?/P*‘%W B fki 8?%&’%&5{:%{\,\%& may be
used in thécpredd apmbupp wrﬂamaohoutpemcbrb oy a reaultiveatoragplitbll@onghniti xi ng fungi .
The mat kil tohiied 62U oRipobich WIE AR RRARNLERPy O, RAKHELLNIGRC

The shape of the carrier 1s preferably a plate or t -shape ecarrler IS
pr ef er abF$AUiggHeld- in a bag or held in a waste f|UId treatnent tank. By
fixing thejowaoyier it becones p055| ble to prevent the carrier fromflow ng
of f or bl ockllng(}the dj scha%? of. B p In. order to fix the
carrier, the BEIREEN} PP %{‘pB@ deinh Rl R IREBHoN diMdhed in the tank.
[001811 filamentduts fusgysasdiobheitomyicoplgemeint opurdtén @atdidng eflidastie, fildui d by
aeration f.i ani s i.xed carrier
of the p r%(glg{é %?Q f&l?]‘?eanH{o!n i & ﬁ%e}e%gldgcﬁ?r%%{mlnqtmd -srta% tcrrﬁcn?aﬂ ok rl%l wg] E‘ank The

m croor gémﬂgslﬁﬁfq\%‘ed adgurd. erThegopignt @fc&mta!rdwteetﬁﬁfdeotthw@iMemcs isdhssa carri er

i's used m{nmlpfra&bﬁignbe%w Ol ok BIFAT61 ES URHEICR. whi ch_is required
to reduce SS or | Exanple 1 g Wash Treat nent Test

100 mg of spdf H¥ RSEsEASTHRAIGRIEM, SR erne\ﬁérlen?ﬁﬂ%ée fypgus adlor M of a
past euri Ziaﬁldrmﬁ;utc,d ff@m&t@uilmumt nzgy;m@pmmbfmegn@%sqfn @k@geaqmapew 5% of

I f I
Carrior oad MERS g B B B T SRl o M nristor o B BB a1 a

t enper at yudacofol B@tcarddrt er t hree days of fernentation, spores of Aspergillus
niger formayf e 0 t e liter of
the thus for rregﬂ g’%}g}eggg%\}\ﬁ%&h&n?hg%%ﬁg{ﬁis%d ggl%‘igs:[glﬂn%d%r ‘Mc alng?o 5 liters of
ri ce wasKORBINE GHIICBESBOOCSH pish a@lﬁ(ﬁibi i@i’pﬁ%smgﬁ\)%@hﬂuma’mt@m gsrigser f or med

at a rat a0k, 1@111(! %@E@oi@ﬁ»‘% néﬂdf'é“o?h l[ngqucn)éleokmg grgfpggﬁgc%ﬁlabtﬁsin(i%clf:OndUCt ed
| us | S S

by direct Ig ]o ﬂ 8 g

pol ypr opyi2edlus 5'“* Fipérthspfers N \RREAD é\"rﬁ?P FPOISRORYOsBEAPd on at a rate
of 5 1liters per mnute. The results after 24 hours are shown in Table 1.

[ 00211 Purification Treatnent of rice washes by Aspergillus niger

[ Tabl e 1] 3



Bef ore introduction of fungus |Inmmobilized fungus Introduction (present
invention) Direct introduction of fungus spore (reference test) COD 800 ppm
80 ppm 1050 ppm Turbidity 1.5 0.015 1.3 [0022] As clearly shown in
" the above table, a test according to the present application using a fungus
body of Aspergillus niger showed that the COD val ue drastically decreased
to 80 ppmafter 24 hours. In contrast, when spores of Aspergillus niger is
di rect | y pehbtiggedaste Heidoomaahgiactivashdgs edlivestock nMapsover, in contrast to
the turbidity being reduced to 0.015 in the present application, the

control test showed that the turbldl%y remai ns at the sane |evel. The

above- descri bed resul tBRIEFIPESE BIRFEN ORI HE DEAMINUs f ungus mainly grows

i nsi de of [Juelpol ypropylene carrier, so fungus cells are not Iiberated into

wast ewat er 0 Active Sludge Treat nent st was
conduct ed toF[ 152 ?@“%ﬁfﬁlﬁ{‘:ﬂ?%‘?‘%‘&? FHAAHOY VR 2 PREaGED P H froma
wat er puiindoypongitpandariigrdiaain edneit! raerfitoodt the@osssi ng factory. A carrier
whi ch contains a culture nmedium for actinonycetes and active carbon was
used, and the water content of the culture nmediumis adjusted to 40% and
then it was solid- st atRETAILFEhDESGCRIPTION OFdEYE IMVEBBHON n this test
secti on, (ﬂb of the immobilized fungus body was added to 1lliter of the

active slud aerjal culture was carried out for 10 days at 30t.
[ 0024] gfll‘ﬁe*élé ¢ty grabodinuenty of hgiresenisiarention valldsidgsaribadwas used in which
acti nonycet &Finas ;ﬁiﬂ(dﬁctafribras ﬁb!dld el @niaBi ﬂmhwmuawga afdJbi ur I ng was
conductedtfor ft q&{(g h gggraturg fq the co ection, 1
m of tHE& 1%({51“5(:56&“&?1 HOH VVQS}Q G ‘oof[gf‘?‘1"8$ thyytiarap ?t\%&‘ Hnd aeri al

cultur|NQUmmbmEmImthmﬂMy@ﬁqmﬂﬁbdmﬂmhegfmhhmwmmghmabhébrmhamgg&emm t he
vol unme 0] ction of activated
%Bnﬁam%%eég@gﬁ?@ﬁbﬁ{oﬁ% ?me@and/& ] HRG R &M

sl udge by acti
Various methods can be used to soak the carrier in a liquid.  The methods may

includes, for example, coating or spray coating the liquid on the carrier, or immersing
the carrier in an appropriate amount of liquid. A preferable method is to soak the
carrier in a starch containing solution mixed with the waste fluid, and then coat the
spore containing culture solution on the surface of the soaked carrier.  Then the thus
formed carrier is subjected to solid-state fermentation, so as to form a hyphal membrane
on the carrier to prevent mycetocytes from being separated from the carrier.

[0013]

A more preferable embodiment of the present application is to use a
microorganism-fixed carrier, in which a porous carrier soaked with a starch solution,
which is nutritious for fungi, is further coated with spores of a {ilamentous fungus
and/or actinomycete, and then subjected to solid-state fermentation, so that the hyphal
membrane is formed thereon. The solid-state fermentation is implemented by
fermenting in a bath which is maintained under optimal conditions for growing fungi
(temperature: 30°C) for several days.

Subsequently, the thus formed microorganism fixed carrier is loaded into waste
fluid.

It was confirmed that the above-described carrier loaded into waste fluid has
showed prominent effects in suppressing separation of microorganisms from the carrier,
effectively decomposing organic substances and effidiently capturing SS.

{0014}

One embodiment of the present application will be described below.



| day 2 days 3 days 4 days 5 days 6 days 7 days 8 days 9 days 10 days Test
section (present invention) 100% 80% 95% 75% 94% 75% 73% 73% 50% 45% 40%
30% 79% Ref erence section 100%

1. A starch solution is soaked into a microorganism fixing carrier, such as a deodorant
mat made of polypropylene;
2. A culture solution including filamentous fungi such as Aspergillus oryzac is coated on
the starch containing carrier;
3. The carrier having amplified filamentous fungus is vertically held in the fluid, and the
fluid is stirred with aeration.

f0015]

Examples of embodiments of the present application shall be described below:
Embodiment 1. A method of purifying waste fluid including:
adding a microorganism-immobilized carrier to the waste fluid, wherein the
microorganism-immebilized carrier contains a water-containing porous or fibrous
carrier and a hyphal membrane of a filamentous fungus and/or actinomycete, preferably
near or on the surface of the water-containing porous or fibrous carrier, grown by
sohid-state fermentation.

Embodiment 2. The method according to Embodiment 1, wherein the
microorganism-immobilized carrier is prepared by coating a) a liquid for culturing
filamentous fungl and/or actinomycetes and b) spores of the filamentous fungus and/or
actinomycete on the porous or fibrous carrier and by growing the hyphal membrane of
the filamentous fungus and/or actinomycete on the porous or fibrous carrier by
solid-state fermentation.
Embodiment 3. The method according to Embodiment 2, wherein the
microorganism-immobilized carrier is prepared by coating a liquid for culturing
filamentous fungi and/or actinomycetes, which comprises spores of the filamentous
fungus and/or actinomycete, on the porous or fibrous carrier and by growing the hyphal
membrane of the filamentous fungus and/or actinomycete on the porous or fibrous
carrier by solid-state fermentation.
Embodiment 4. The method according to any one of Embodiments 1 to 3, wherein the
filamentous fungus and/or actinomycete is a filamentous fungus.
Embodiment 5. The method according to any one of Embodiments 1 to 4, wherein
purification of the waste fluid comprises removal of SS.

[0016]

Microorganisms used in the present invention are limited to filamentous fungi and
actinomycetes. Preferable species includes Aspergillus , Ryzopus, and Mucor.  More
favorable species includes Aspergillus niger, Aspergillus sojae, and Aspergillus awamori,
and the most favorable one is Aspergillus niger. It is possible to use a yeast in addition

to a filamentous fungus and/or actinomycete.  Yeast can be directly incorporated into



94% 92% 91% 90% 80% 83% As shown in the Table 2, when the active
sludge is treated by a fixed fungus body which is forned by solid-state
fermentation of the actinonycete, the active sludge can be digested at a
speed twi ce greater than the control section in which the fungus is sinmply
added to the active sludge. [Exanple 3] [0026] Processing of Soybean Broth
A test was conducted to process the soybean broth discharged froma natto
(made ofwastyfhedns) factory. A sponge carrier was i mersed in soybean broth
and the ghycontent in the carrier is adjusted to 40% and then the
sponge ca rlei was solid-state fermented with Ryzopus for three days at
30C. | n the Aeyticsvichiadn pefous KETIpY @rs@mroamﬁm@rambgﬁ uspdOmrihegfresehie f ungus

body waspaidedn iaheBsribd & @hpdic (%QY)Qﬁ‘(aHme Otfhe RAEHADRBE clricE Hlchidee was
perforned for three 0%&% t- 30C. [0027] As a control test, a cultured

SO|UtIO§0%@§¥u%gﬁ(FHO r"Ryzopus was subjected to a vibrating culture for
three days atThdQRapelof thhe@wrgans pefersisghiphie oﬂ.ﬁiaﬂﬁ,hapé thige @liérug € sol ution

was | oade 1 Ilte of S0 The, t esult using the
Songe. EsetaBly ik b&lin%peR DY R RIIME tyid st iR o B Rl ally baced 1o
3000 ppmarrlenltdx@mmasmosmm tt pecvenrthe cdrrigeromdivve hpwidr bhekinghlee COD r emai ned
at a Va'dik%h?r% ﬁaﬁQQ@th%%ﬂk SHRM&QE&P&&;&@@% tﬂ@éz*rg\%\i igghwr' Geampl e 4] [0028]

Treatment o Dr oppi ngs ter was ed to ropprngs and the

sol uti or’io‘%{i’sn%%bé}%@c‘éfft £ @} usting the water content to 90% and
pasteuri zgsh Then, 0. 1% of Micor spores wer e suspended in the

sol ution aanthe s penqﬁd sol uti_on mas coat pol ypr opyl ene

gn t he flb[OU%
and a fixed 'f tiRyo8 66%9“ EPRRIPUSHCAGRD ¢ g é Y APRHORAWIRE Whar ed after
sol i d- stpatiicaridnttetatmigntf oThSmétayargatisBRed carrier #sthapeeaitrapplidatish caection, a

cul tured,, %1% Fhl 00 %I}BE{S;QL%%%% by ﬁg(rquctrgo:%anmporxegu gl%rer %s%?dﬁ%@ P the fow

dr oppi ng soO ti‘on |on cul'turing [0029] I n
t he t estetigeiee %hpn@ﬂlcia héarpnceseﬁ@d top phiityand Oee wuﬂine)ramaeuﬂe%rqwb@d fixed

fungus QﬂﬂM}W@&g%@g%gnhgm9§§olht@f of fluid in which water was added to the
fow draoppi ngs the water content was adjusted to 90% (not pasteurized)

and aer ilBkamRlEtlliri ng was carried out for 5 days at 30C.
[0019]

Rice Wash Treatment Test

100 mg of spores of Aspergillus niger were mixed with 100 ml of a pasteurized
liquid for culturing (containing 5% of glucose and 0.5% of yeast essence) and the
mixture was coated on one liter of polypropylene carrier.  The thus formed coated
carrier was fermented for three days at a temperature of 30°C.  After three days of
fermentation, spores of Aspergillus niger form a fungus body on the polypropylene
carrier.

One liter of the thus formed carrier with the fungus body is introduced into 5
liters of rice wash solution (COD 800 ppm,; turbidity 1.5) and aeration is performed at a
rate of 5 liters per minute.

[0020]

A control test was conducted by directly loading 5g of Aspergillus niger spores
and 1 liter of polypropylene into 5 liter of rice wash and performing aeration at a rate of
5 liters per minute.

The results after 24 hours are shown in Table 1.

[0021]



The result at the test section showed that the Micor in the polypropyl ene
I ncreased extensively, and the turbidity of the solution was reduced to
0.1. In addition, COD was from 48000 ppmto 150 ppm In the control
section, the turbidity showed a small change from1.8 to 1.75, and COD
rat her increased from 48000 ppmto 51000 ppm [Exanple 511 [0030]
Conparison of purification ratio of the rice wash between the case of

di rect | oadithgifshtiorelicatard: ¢hececrssbeofy Agmdiiiles tihe mal t nenbrane f or ned
carrier [@&QHE 3] Sinple culturing case (control) N ger Oryzae sojae

awanor | hr-—1459--1511--1380- 1712 C0D-22--hr- 152912081258 1128

Di gestijon rati O..._ 4. 8% m.f&@&é{W@ﬁfa:Wmobﬁi‘zea Ifhndé\l’jgk Direct introduction
of fungus Introduction of fungus spore

(present invention) | (reference test)

' COD 800 ppm 80 ppm 1050 ppm
Turbidity 1.5 0.015 1.3
[0022]

As clearly shown in the above table, a test according to the present application
using a fungus body of Aspergillus niger showed that the COD value drastically
decreased to 80 ppm after 24 hours.  In contrast, when spores of Aspergillus niger is
directly charged, the COD value increased.

Moreover, in contrast to the turbidity being reduced to 0.015 in the present
application, the control test showed that the turbidity remains at the same level.

The above-described results indicate that the filamentous fungus mainly grows
inside of the polypropylene carrier, so fungus cells are not liberated into wastewater.
[Example 2]

[0023]
Active Shudge Treatment

A test was conducted to carry out purification for active sludge collected from a
water purifying tank installed at a food processing factory. A carrier which contains a
culture medium for actinomycetes and active carbon was used, and the water content of
the culture medium is adjusted to 40% and then it was solid-state fermented for five
days at 35°C. In this test section, 1 mi of the immaobilized fungus body was added to
1liter of the active sludge, and aerial culture was carried out for 10 days at 30°C.

[0024]

In contrast, as a control section a solution was used in which actinomycete was
added to a culture medium and aerial culturing was conducted for five days at a
temperature of 35°C.  In the control section, 1 ml of the culture solution was added to |
liter of active sludge and aerial culturing was performed.

[0025]

In the following table, changes in the volume of the active sludge are shown.

1



Mal t nmenbrane (the present invention) N ger Oryzae 1614 Soj ae Awanori

COD: Ohr 959 96 1114 1449 50 96.5% COD: 22hr 636 100 Digestion ratio

60. 6% 8. 8% The sinple culturing case in the upper table showed the
change of COD when 0.1% of seed malt was | oaded into rice wash and then the
solution was aeration cultured.

Volume reduction of activated sludge by actinomycetes

[Table 2]
lday |2 3 4 5 6 7 8 9 10
days | days | days | days | days | days | days | days | days
Test 100% | 80% | 75% | 75% 73% |73% |50% 45% | 40% @ 30%
section
(present
invention)
Reference | 100% | 95% [ 94% [94% 192% |91% |90% |80% | 83% | 79%
section

As shown in the Table 2, when the active sludge is treated by a fixed fungus body
which is formed by solid-state fermentation of the actinomycete, the active sludge can
be digested at a speed twice greater than the control section in which the fungus is
sitnply added to the active sludge.

{Example 3]
0026}
Processing of Soybean Broth

A test was conducted to process the soybean broth discharged from a natto (made
of soybeans) factory. A sponge carrier was immersed in soybean broth and the water
content in the carrier is adjusted to 40%, and then the sponge carrier was solid-state
fermented with Ryzopus for three days at 30°C.  In the test section of the present
application, 100ml of the fungus body was added to one liter of soybean broth, and an
acrial culture was performed for three days at 30°C.

[0027]

As a control test, a cultured solution was used in which Ryzopus was subjected to
a vibrating culture for three days at 30°C.  In the control section, 10 m] of the culture
solution was loaded in 1 liter of soybean broth.

The test result using the sponge carrier indicated that the initial 50000 ppm of
COD decreased to 3000 ppm. In contrast, in the control section showed that the COD
remained at a value of 43000 ppm, showing the change was slight.

[Example 4]
[0028]
Treatment of Fowl Droppings

Water was added to fow! droppings and the solution was prepared after adjusting



The malt filmcase in the lower table indicates the change of digestion
ratio for rice wash soaked in a sponge carrier including a malt nmenbrane
after being subjected to aerial culturing. [0031] It was clearly
reveal ed that rice wash can not be purified only by adding malt, and sinple
addition of malt rather increases the value of COD vice versa. In addition,
it is not possible to purify rice wash by adding a sponge carrier including
malt if tfnm@dtsp@mg@taa‘ﬁ@%@nd patdwidedhg fi xed nalt is obt ai ned by soaking the

carrier i n an{ég (? I%%fﬁ\!‘i’u&)f%ﬁd y%hl%%’sugsﬂ%ghed oy th@scﬁ cﬁ’{dl sﬁ@&ﬁsg&:f?l *gg mal t

fixed by ernentati o ecause S ar erated into
t he sol aﬁliueﬁnwab peated @pthgdibrous polypropydmenad g fix\%é‘#flgélbé’@@h@%méépﬁl er has a

nal t hymk@hbmmraa%mprgﬂlrwﬁﬁr%m fialcrRthdhd Q05 days hS30ROSSi bl e to
deconpose the or amlc substanceéﬁlrﬁg 60% over t her nore,

the most pr bt S 3t bR Laaioiag i EAE | on { ot ude
Asper gi IMuS)r Rpares to tl@«sﬁmlgiréﬂplmsg Shjtam zaaﬂ@yAsunﬁﬁ@ tdiwsing\iaiddys af Exanpl e 6]
[0032] %@r@ termpurification treatnment by addition of a malt--film forned
carrier A noodl e broth discharged daily at an amount of 20 t is

conti nuouéﬂ@%reat ed in a large scale facility having a tenperature

i nt ai ni ng @ Qe éﬁl&%f%ﬁéﬂﬁ@éém bRIREAN, ARl Lo BB Fxdd pih f ungus

carrier. The d ues I's s ow, and tHRe graph

showi ng oA W@aaqi%dé% 8¢y tbr of flyid b prhaghaipteves added to the faw) domingatd  cop
COD Dat ehdhlePadr@ent NAY adidbed RO Pefot Pstd@deBpendrialelloying hs 260Q@d Dec. 11

out for 5 days at 30C.

The result at the test section showed that the Mucor in the polypropylene
increased extensively, and the turbidity of the solution was reduced to 0.1.  In addition,
COD was from 48000 ppm to 150 ppm.

In the control section, the turbidity showed a small change from 1.8 to 1.75, and
COD rather increased from 48000 ppm to 51000 ppm.

{Example 5]
[0030]
Comparison of purification ratio of the rice wash between the case of direct loading of
malt and the case of loading the malt membrane formed carrier
{Table 3]

Simple culturing case (control)

Niger Oryzae sojae awamorn
COD: O hr 1459 1511 1380 1712
COD 22 hr 1529 1208 1258 1128
Digestion ratio -4.8% 20.1% 8.8% 34.1%

Malt membrane (the present invention)

Niger Oryzae Sojae Awamori
COD: Ohbr 959 1614 1114 1449
COD: 22hr 96 636 100 50
Digestion ratio 90.0% 60.6% 8.8% 96.5%

The simple culturing case in the upper table showed the change of COD when

0.1% of seed malt was loaded into rice wash and then the solution was aeration



200 Dec.98 26 Nov. 28 1800 Dec. 12 400 Dec.29 120 Nov. 29 500 Dec. 14 125
Jan.5 20 Nov. 30 500 Dec.15 70 Jan.6 35 Dec.1 350 Dec.16 20 Jan.7 30 Dec. 2

250

cultured.

The malt film case in the lower table indicates the change of digestion ratio for
rice wash soaked in a sponge carrier including a malt membrane after being subjected to
aerial culturing.

[0031]

It was clearly revealed that rice wash can not be purified only by adding malt, and
simple addition of malt rather increases the value of COD vice versa, In addition, it is
not possible to purify rice wash by adding a sponge carrier including malt if the sponge
carrier including fixed malt 1s obtained by soaking the carrier in a malt culture solution,
that 15, a carner containing malt fixed by liquid fermentation.  That is because malt
cells are liberated into the solution to be treated.

In contrast, when a sponge carrier has a malt hyphal membrane by solid-state
fermentation, it 1s possible to decompose the organic substances by 60% over 22 hours.

Furthermore, the most preferable malts for carrying out the present application
include Aspergillus niger, Aspergillus sojac and Aspergillus awamori.

{Example 6]
{0032]
Long-term purification treatment by addition of a malt-film formed carrier

A noodle broth discharged daily at an amount of 20 t is continuously treated in a
large scale facility having a temperature maintaining and acration capability provided
with a malt fixed fungus carrier. The daily change of COD values is shown below, and

the graph showing the daily change is illustrated in FIG. 1.

10



Dec.17 20 Jan.8 30 Dec.3 190 Dec.18 120 Jan.9 12 Dec.4 140 Dec. 20 30 Jan. 12
12 Dec.5 130 Dec.21 17 Jan. 16 13 Dec.6 100 Dec. 22 160 Jan. 28 20 Dec.7

[Table 4]

Date COD Date COD Date COD
Nov. 26 1500 Dec. 10 360 Dec. 26 60
Nov. 27 2600 Dec. 11 200 Dec. 28 26
Nov, 28 1800 Dec. 12 400 Dec. 29 120
Nov. 29 500 Dec. 14 125 Jan. 5 20
Nov, 30 500 Dec. 15 70 Jan. 6 35
Dec. | 350 Dec. 16 20 Jan. 7 30
Dec. 2 250 Dec. 17 20 Jan. 8 30
Dec, 3 190 Dec. 18 120 Jan. 9 12
Dec. 4 140 Dec. 20 30 Jan. 12 12
Dec. 5§ 130 Dec. 21 17 Jan. 16 13
Dec. 6 100 Dec. 22 160 Jan. 28 20
Dec. 7 100 Dec. 23 100 Feb. 3 9
Dec, 8 100 Dec. 24 120 Feb. 11 13
Dec. 9 180 Dec. 25 70

[0033)

The wastewater having a COD value of 1200 ppm was purified into about 10 ppm
after 24 hours.

In addition, since so many fungi exist in the wastewater and in air, it is understood
that the other fungi (yeasts etc.) start coexisting, so that the purification capability

drastically improved after approximately about one month of operation.

11



100 Dec. 23 100 Feb.3 9 Dec.8 100 Dec.24 120 Feb.11 13 Dec.9 180 Dec.25 70

[ 0033] The wast ewat er having a COD val ue of 1200 ppmwas purified into
about 10 ppm after 24 hours. In addition, since so many fungi exist in
the wastewater and in air, it is understood that the other fungi (yeasts
etc.) start coexisting, so that the purification capability drastically

i nproved after approximately about one nonth of operation. Wat is clained
is: 1. VWhames blednadfis;puri fyi ng waste fluid conprising: adding a

m croorgani sminmobilized carrier to the waste fluid, wherein the

m croorgani smimmobilized carrier conprises a water-containing porous or

fi brous lcérmetbed afnpnrdying prealc fivediorapresied: a fil ament ous fungus and/ or

act i nomyaging agﬁfamr@)m@hmb&m&@cjrﬁmsm@«ka&@ﬂunﬁwhﬁaﬁl g@et hod according to
claim1l1, wherein the lﬁroorganlsmlrmnblllzed carrier is @repared by

coatlngrﬁW“§F$Wﬁﬂ?Hnm8? el RS RGPS S WS UEOTH RS PRHAP Y TRE®Snony cet es
and b) smreean@ﬁ hyﬂi‘r&ll fl’lchﬁ)ﬁ’fﬁi&toﬁ)ushlimagbk% fangisandag btthemyeeteronnbhe porous
or flbrou§ M by growi ng the hyphal nenbrane of the fil anentous
fungus andysr %ﬁ%%te on the porous or fibrous carrier by solid-state
fermentation. 3. The nmet hod according to claim2, wherein the

m cr oor Qaq}.lé F%tm@j;dra%.g% 81% ée&h&%mgfn? BALEG: Qﬂﬁsﬁv\ﬂ'ﬁﬁ(ﬂﬁhfedlddﬂwr(ﬂ for

culturlng nment ous ] acti nomycetes conpri ses spores of
the fil DFERrEUy $aHBuS) Qah‘éﬂ*éiﬁ?fa?@it%%f}'l?@teétoué AuZh 8ndier AHSOBYCEEIEUS

carrier @@goreg/oigm@mmn&m fmgahahdmm}rn@ﬂ@c&é oh iR fdrb@BMRYS dngus and/ or
acti nomyc he on t %d“ |brp¥ﬁﬁ,arr|erﬁbg solid-state fernentation.
4. The r?ﬁg Mf%"&lésf FhelEmniaRs f ¢ TRPHOUSHENEYS| 2RO FFTOMNTAGEE and/ or
actlnonymepaou§mﬂﬂﬁnhamathQ$ohwmgms&nnﬁuaﬂ&e nmet hod according to any one

of claims 1 to 4, wherein purification of the waste fluid conprises renoval
of SS.

rflg mcn

3. The method according to claim 2, wherein the microorganism-immobilized carrier is
prepared by coating a liquid for culturing filamentous fungi and/or actinomycetes,
which comprises spores of the filamentous fungus and/or actinomycete, on the porous
or fibrous carrier and by growing the hyphal membrane of the filamentous fungus

and/or actinomycete on the porous or fibrous carrier by solid-state fermentation.

4. The method according to claim 1, wherein the filamentous fungus and/or

actinomycete is a filamentous fungus.

5. The method according to any one of claims 1 to 4, wherein purification of the waste
fluid comprises removal of SS.



