WASTE FLUID TREATMENT USING FILAMENTOUS FUNGUS OR ACTINOMYCETE
BACKGROUND OF THE INVENTION Field of the Invention [0001] This invention relates to a
technique for waste fluid treatment using a filamentous fungus or actinomycete. Priority is claimed
on Japanese Patent Application No. 2010-43711, filed March 1, 2010, the content of which is
incorporated herein by reference. Description of the Related Art [0002] A massive amount of water
is consumed when a large amount of rice (polished rice) is occupationally washed. Since water is not
always abungliiiE GO ROATHERAS SARSHY HINRIT MO IRRY 2EIERLSIRNTY efFFRIN areas.
Furthermore, since rice washing discharges a large amount of wastewater (that is, waste), it is
necessary to take measures for purification of the wastewater. It is necessary in large restaurants or
hotels to construct facilities for tréstitd @RISR AtHEIN YN BItHge and such wastewater
treatment fagditest phasaadmigden including not only the building cost of the facility but also their
running cost. LBB@@] Conventionally, microorganisms are used for purifying wastewater. However, it
has been genkerally accepted that multicellular microorganisms such as filamentous fungi or

actinomycetes are Uhbtitstetif (Rketes hbdd persbanrtiar Wade atd H estnentHESE multicellular
microorganfsiasenaygfongiBieeacimengmnally in wastewater, and grown microorganisms increase the

SS (suspended squligp ! ItS 4 | [ fepnt Document 1,
which are incorporate @3&#@%@@%@%%%%%%%0@@@@ %gﬂﬁg'o QtJ?gl?ahf?rE gi/gts%water containing
fats and oilMBfkyla 4y tﬁﬂ%ﬁ%\tﬁahgffwnb(h}b'%W?E%?F%@qmgﬁmégim%tate, because filamentous
fungus is capable of decomposing fats and oils. In this method, immobilization of filamentous fungus
onto the capjeL T isORY RARIWHANG the filamentous fungus together with the carrier in a culture
fluid, that is, ri;@ﬁ(?ﬁilization is performed by liquid-state fermentation (see paragraph [0081] of the
Patent Docu ). When liquid-state fermentation is applied for immobilization, flamentous fungus
can decompose fAtBasHVeiRNeUHIel/wietes isreaumedivéna ke avnuriidilieeimdighédngus are

E{kelly t(éI l;e ﬁ@épaj&%ddatg@ﬁalgw@ﬁeand ShaiedeedniteraRss &gd@gﬁﬁnﬁr@%@d@ﬁuﬁ&anées}

elate rt m n : -A- -3 .
INVENTIOﬁ%@%@?rﬁé%@gé%ﬁsg%%%ﬁ§%%@%ﬁ%@Iaﬁlsg%?zev%? 0 a”f%ﬁ%grﬁ‘aﬁn%mous fungi
and actinoni\ENEsiRg AhBNREIRR 8 Al aDRyRh RINESeYRIRR KT ise b6 GEFFSEAS/ 8N be
properly cordke!ladastiresfobpupidisititn tof pnevidstenzigher listecsssiy fluldrperétatients@thod than

properly cor bl wsher piateosmsty t
vonton b A e S S s kgt presen

microorgantéANRN RSB e iHpR A PeB Alhder Hi%ﬂ%ll%@?ﬁ%ﬁé'@fbé“ﬁfi&wﬁ HRgus and/or

actinomycetecibtynledt Biss tiielrstanei fgrnoshtation with a water-containing porous or fibrous carrier.
The present ilPMg@gnon further provides a method of waste fluid purification by loading into the waste
fluid a microorganism-immo illized carrier, which cont i}ES % al mem rariésF of%filament%)us fungus
and/or actinomyc Pg\ﬁéﬂlr% ¥'W§58?Wﬂ@%riﬁ ﬂﬁ%% A PSS S me cyi’/eé'ﬁid-state
fermentatiohasyesaaenpeiby rsaenirdithia BLEHEEE HigithNLIRQUeaTEMs sivhrs filament@iss fungi and/or
actinomycetgRgriof aRRiEBRicted e anigitsbienoty et RCHIPTMREIET he Hedésh psergnt invention,

first, a fi . , . il . oo
porus LZ?@%?A@@?E%\%@%@E@%&%ﬁ%ﬁ@@f@@ﬁcm SR S e
SubsequenEiPWMRE TR N RTIRIIN5ReR hisrpo Ay deaadrm ubstanephoMiisB e dsiBrBus or porous

carrier is loddedrigtcherasteribid in order to carry out efficient purification of waste fluid. [0008] An
object of the mTt application is to purify waste fluid by decomposition of organic substances. Thus,

Drocessing wastew AP LPAABES brod G ERAFE 4 0 DL A B B nes uch
as water useéttwd of treating wastewater containing fats and oils using a fixed filamentous fungus

on acarrier in an immobilized state, because filamentous fungus is capabl e of

decomposing fats and oils.  In this method, immobilization of filamentous fungus onto

the carrier is carried out by culturing the filamentous fungus together with the carrier in

aculturefluid, that is, immobilization is performed by liquid-state fermentation (see

paragraph [0081] of the Patent Document 1). When liquid-state fermentation is

applied for immobilization, filamentous fungus can decompose fats and oils. However,

1



scrub polished rice, that is, rice wash, or noodle broth. The present application is characterized by
carrying out immobilization of microorganism into the carrier by solid-state fermentation, not by
liquid-state fermentation. For instance, immobilization is realized by coating a culture solution
containing spores of a filamentous fungus or actinomycete onto porous or fibrous carrier and by
fermentation. By solid-state fermentation, a hyphal membrane is formed near the surface of the carrier.
These fungi grown by solid-state fermentation are scarcely separated into single cells in water, and

they grow in IR IXE LR S AL CaTdSH fﬁ%H%ﬁ%UQT%H%%@W@F#H s 9 el ipcrease SS, COD
or BOD from the fun g%? ﬁgs %Q%U make it ible t0 perform eftficient purification of wastewater.
[0009] AW@&%‘?B& eﬁ S m@cﬁ?@%zﬁm%% g?ﬂf@ble to suppress the increase of
putrid bacteria and the present application makes it possible to grow fungus which is useful for waste
fluid purificati@aay it ascrygasgt, Which can coexist with filamentous fungi and/or actinomycetes.
Besides natur@@ﬁw‘eration, it is possible to load yeast into the waste fluid. For instance, yeast can be
introduced into the-waste fluid after starting a purification treatment by fixed mold. Yeast has good

compatibility witBteRblaecunenydadbsickicté-a88881d membrane within a short period. As a result,
water-soluble organic substances formed by decomposition by mold is consumed by yeast, which

results in reducing BOD. [0010] ?uﬂ%ﬂ%%@@ﬂﬁ&?ﬁ&%ﬂ%ﬁrm "solid-state fermentation”

means a filamentous fungus and/or actinomycete growing on water-containing solid carrier, and
solid-state fRrARHRSIGPESaHE bR M YRIHON SR etdO WS mentation” in which a fungus grows in a

liquid. The cof®@A6pf water contained in the solid carrier is less than 90%, preferably less than 60%,

o e S CE RN fung INABRIGREELARRIERIAN A HRAGALAIRRRNNO LS TLnous
i ungus fi . yceli
formed. predPUEN & hesk MG BTSRRI b P LY, PN RAD ey 6 BRsSlfiRe of the carrier.
In the presd¥pvisielRhtaher Gadsavasielfl e aus ivateniurhooikatdhetenstiendng organic

substancesygielae PO Eares pheehvRataidlaie Rt sadetige.g. rice wash, liquid for cooking noodle, or
liquid for cooklj: &ﬁfins or vegetables, and starch waste fluid. In addition, the present invention is
P

capable of decomposing and purifying waste fluid containing active sludge or livestock manure.
BRIEF DESCRIPRI&Nesaat petRARIPNdepmethodpiEwesrdluickRerfica @m By deedhngastewater due
to a long-ternadreasiaéini dy micpopayatisg-ancaots ha/vagriemolichmeontuias e tgiedn. DETAILED

DESCRIPT%@&E%I{N%Q{&Q&JR gg&ﬁﬂ%pgﬂﬁgh%qgmgawmgﬁfem invention will be

described. = First, a porous carrier is made to contain a entous us and/or actinomycete and

a liquid whitFI R VAR AL RARAROG ROMRMRBLE RIS SHERSr actinomycetes, preferably a liquid
for culturing filaméhequssint geendion aotinermy@éties aonettinohgf spasted |ofdhperfitecaterndays fungus

and/ or ﬁcgn%%ﬁéqf nto trfé\ﬁgﬁé mﬁg‘gﬁﬁ&éﬂr@%ﬁ]@ﬁﬁqéﬁﬁ&ﬂa&:&@f éIeWIﬁl &'M r%he nt}?thOdS, .
may include r example, coating.or spray coatin iguid. on the carrier, or immersing the carrier in
o appropA YA B g A L ATETARIS SIS CouRmaoet s S eontaining
solution mixedh@ientthe Wgal floemipoesA kmathbyspalie-gatesanmentaian s eaatica an the surface
of the soakersrarse: Thendasrisianedaarisros subigeirimaistsigiedarmenttion, so as to
orm a hyp rier 3 parated from the carrier.
[0013] A ?ﬁcgﬁéﬁ&%ﬁ%b%gaé%%%%ﬁgﬁ Iﬁﬁ%ﬁéﬁﬁag%ﬁ%{iéﬁ@%q%gga microorganism-fixed
carrier, in which a"pE1RRERY By SR divddl ARRRAIS THRGYS PR RHI RORYERBIS for fungi, is further
coated with gpoli¢eratta iiesviédHsiete fengestatialion adtironyoepereurtineer sudjedted to solid-state
fermentatlo?ggéméwémmgg @%ﬂﬁcﬁ?ﬂfﬁ% mgr&ﬂgg ypﬁ%ﬁqlé{ﬁ@@?(ﬁ%gnentatlon is

implemented by fermenting in’a bath which is maintained under gplimal conditions for growing fungi
(temperaturcURSEIB 46 J0r ) AR S BER R S R TG MR T EPBRUARI YRked carrier is
loaded into Wdstei$laicoorous cassesdafioatied thiax wasteblove i desdebiedcadsrieutlottieninto waste fluid
has showed graragHh Bff@kisdr sHpPressing separation of microorganisms from the carrier,
effectively de sing organic substances and efficiently capturing SS. [0014] One embodiment of
the present aml ion will be described below. 1. A starch solution is soaked into a microorganism

fixing carrier, suchragkiegbetbiaRtesRN ARRIEABIORJR st Bpilenwaste fluid by decomposition of
organic substances. Thus, the present application is advantageously applicable to

remove SS, especially for purification of food processing wastewater after food
processing including alarge amount of suspended substances such as water used to
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2. A culture solution including filamentous fungi such as Aspergillus oryzae 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. [0015]  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-immobilized carrier
contains a water-containing porous or fibrous carrier and a hyphal membrane of a filamentous fungus

and/or aC“”%MB%ShQ{&ﬁ‘ﬂé@%BF@ RESNAES SHHE5E ObioH WaFREpR &&HF@W iQr fibrous
carrier, gro SOIIdﬁﬁEJ}? fermentation. Emtjodlmentz The method acc mbodiment 1,

wherein the r%%?ﬂé ﬁﬂ%%%%td r@ﬁ?ﬂ@ 'éaBPéb%{rEH%%%%mﬁ‘@ Hjtg ﬁmﬁg lturing
filamentous fenhighstats bermmantainncoat HHdullstaederofenetiitamehapinstanegis and/or actinomycete

on the porouﬁﬂﬁémf%&@fé'ﬁéaﬂﬂ&jtwwlﬂgdbﬁlPLV@B@'W&%Q@Q&)?@WWUS fungus and/or

actlnomycet n th e parous or fibrous carrer by.so |d state %mentatlon Er&l%odflment 3 The method
us pr actin myc QrOUS.Of TTRIOLS Carfier Garb
accordlngt |menlfr§ erein emlcroorg nism-immobilized carrier’is regare y coating a

liquid for cunﬁmgl rﬂai%te@mdﬁ@pa@wpa@nﬁmpwess {oreednsarthesyrépese5hethe filamentous
fungus and/aimgaténomycete, on the porous or fibrous carrier and by growing the hyphal membrane of

the flamentous ungus Al wngy&ge&aég&m%%ﬁoﬂ%wgmg Soateiloie L

fermentation. Embodiment hod accor ments 1t

Ing to any one
filamentous ﬁﬁl@.ﬁg WatHo Pad Shenareutdnine firsed mr'gmbBB%éHf‘@ Fh&enethod
according to Ganyenisartddenvi bdonentesse &8, GOPremBaDificatithefuhgusioetect wdi compkises removal

of SS. [0016}; noddiSIORS W%H?&@dﬂéﬁﬂﬁl%%ﬂmﬁére limited to filamentous fungi and

actlnomyceteslﬁ rab ecies includes Aspergillus , Ryzopus, and Mucor. More favorable species
includes Asper niger, Aspergillus sojae, and Aspergillus awamori, and the most favorable one is
Aspergillus niger. I‘Bmfpfdmthﬁm@@@%éih‘ﬁ’pmkﬂ@%@f%ﬂéﬁ@@@fbiﬁﬁ@%ﬂ&ﬁ theinomycete.

Yeast can beriieeb\oflsarrphatesintpdwas il 499ication pﬁaqkfwiepwh @y RMFUBgRTier or a
fibrous Ca”'w‘&%Ees%ﬁﬁq(%”v%%ﬁ??&‘a”tu?ﬁ%a‘f% %grfh LGy ?8«08%% o‘lﬁ{ Yhddyngi. The

materials of the Carner mclude ene or po e shape Re carrier is
preferably a B|§@%%§%9@d@héc€éﬁiﬁngﬁeferably Wrapped in a bag or held in a waste fluid

treatment tank. ByEfesm@hammlrmbitfb&Emmes|ptp)%)sﬂﬂbbetmn>oedq1%§1mtmﬂnewﬁsteﬂmmng off or

blocking the ﬁdﬁ ;‘ﬁ%@{éﬁﬁ lB%r‘KtrHEjBé&?H@fﬂPfetM Hig %Q?SF %Sa‘??ﬂWfﬁzﬁﬁ f in a rough

net or is plnche ItIs possible to im ment purificati waste fluid by aeration

during the pﬁFﬁ‘?’E@'{‘?Bm}’efé?fﬁ?eWP ?he%&%%’ﬁ&ﬁ%@@'@ﬁf%‘?’ﬁhtﬁ@ Hre 8B Y SRR IRISHSN can be
used in a tertpthanatnreebrant vitiemaishodrgamnish fikeea tzauitvstpasibubéeigrgéigctive when such a

carrier is US@QJIS@%H&@YHH&&EF% (Ap6SHaN R AR EMRLERIBY WW%%@W SS or BOD.
Xample as reatment I es mg Ot spores O spergiiius niger were mixe
[E le 1] (E%iulggl &Rgﬁgg h Treatment Test = 100 f fA I d

with 100 ml d liquid for culturing (containing 5% of glucose and 0.5% of yeast essence)
and the mixturéG¥&€] coated on one liter of polypropylene carrier. The thus formed coated carrier was

fermented for threﬁ\dﬁ&%ﬁ%@h&éﬁﬂﬁf&ibfﬁ 1?38 %ﬁﬂI&&éf@ﬁﬁmﬁfgﬁnﬁﬁé@@@ spores of
Aspergillus éy Y| %% us formed
carrier with m{i’ u%%gjlsj Wé%rlﬁ@c?gt%ﬂ ﬁlgg iptérs 0 ?:)e? %{é&s csx())% @é %Ppr%r1 urbidity
1.5) and aerSAbH-SARIGIMRIALAN $Alidf Brestiptad fremmhiswe: mfﬂ’me'ﬁaa@ﬁtrﬂ‘ WBIHAs conducted
by directly Ioamglgs@gowsqawelngmds niger apoeas aiivdaieli tontdi pedyiprihgdohe data & |kéessf rice wash
and performm%l F};?egé ﬁ]g;;péé%eéﬁalmgg ngw|§§{%%%ours are shown in Table
1.[0021] Purlflc |on Tre t of rice washes by fé}slp |l(I:| rugal%ba
e present app catlon ‘membraneo tous fun or
acti nomycete , “fungus film” or “hypha membrane” means an entangled lump of
myceliaformed, preferably so as to cover the surface of the carrier or extending on the
surface of the carrier.
In the present application, “waste fluid” means waste fluid or wastewater
containing organic substances; such as food processing waster fluid or water, e.g. rice
wash, liquid for cooking noodle, or liquid for cooking grains or vegetables, and starch
waste fluid. In addition, the present invention is capable of decomposing and
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Before introduction of fungus Immobilized 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 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 turbi F‘% WthUﬁj%%mﬁ Oihctlvél' Qgﬂé@(&}@@g&@ﬁ%ﬁ@lts indicate that the

filamentous fungts mainly grows inside of the polypropylene carrier, so fungus cells are not liberated
into wastewater. [Example 2] [0023] Active Sludge Treatment A test was conducted to carry out
purification for active sludge coi&ttefd PioBCRWWRIEIND Wyt &RAMERINed at a food processing
factory. A carriggoﬂg]'ch contains a culture medium for actinomycetes and active carbon was used, and
the water conten uItur nzegbmhls adLusted to 40% anf:lo 0 |t eafj'Statt fermented for
five days at 35C. I es sec 10N, 150 e Immo |ze ungus Was AdGed 1 liter of the
active sludgén@?’fﬂ(ﬁé‘i‘l@w M?&WWH&'BQ@@WMW@@MW&P@OC [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 SRR tg@ﬁ@ 16’”!@:0% N;ﬂdel of the culture solution

was added to 1 liter of active sludge an aerlal culturing was pegorme [0025] In the following table,
changes in th klme of the active sludge are shown. Volume reduction of activated sludge by
actinomycetes [THletei @¢fter, embodiments of the present invention will be described.

First, aporous carrier is made to contain afilamentous fungus and/or
actinomycete and aliquid which is appropriate for growing the filamentous fungi and/or
actinomycetes, preferably aliquid for culturing filamentous fungi and/or actinomycetes
containing spores of the filamentous fungus and/or actinomycete.

Various methods can be used to soak the carrier in aliquid.  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 isto 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 isto 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 filamentous fungus
and/or actinomycete, and then subjected to solid-state fermentation, so that the hyphal
membrane isformed 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 |oaded 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 efficiently capturing SS.

[0014]
One embodiment of the present application will be described below.
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1 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% 75% 75% 73% 73% 50% 45% 40% 30% Reference section 100% 95% 94%
94% 92%

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 oryzae 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.

[0015]

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-immobilized carrier contains a water-containing porous or fibrous
carrier and a hyphal membrane of afilamentous fungus and/or actinomycete, preferably
near or on the surface of the water-containing porous or fibrous carrier, grown by
solid-state fermentation.

Embodiment 2. The method according to Embodiment 1, wherein the
microorganism-immobilized carrier is prepared by coating @) aliquid for culturing
filamentous fungi and/or actinomycetes and b) spores of the filamentous fungus and/or
actinomycete on the porous or fibrous carrier and by growing the hypha 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 aliquid 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 speciesincludes Aspergillus, Ryzopus, and Mucor. More
favorabl e species includes Aspergillus niger, Aspergillus sojae, and Aspergillus awamori,
and the most favorable oneisAspergillusniger. It ispossible to use ayeast in addition
to afilamentous fungus and/or actinomycete. Yeast can be directly incorporated into

5



91% 90% 80% 83% 79% 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 simply 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 car(igiiugg eplid-state fermented with Ryzopus for three days at 30C. In the test section of the
present appliﬁ#ﬁm 100m1 of the fungus body was added to one liter of soybean broth, and an aerial
culture was p ed for three days at 30C. [0027]  As a control test, a cultured solution was used
in which RyzopusAalisusisttes aper eilseairigrauafibrovsicasdel aypayne3ased in the pesendl section, 10

ml of the culgprcepbriTRNEaaNPadeddpablEer AkRRYRERM DroHe mad@sBrtHeeHHiusiRe toe sponge

carrier indicact)fed tgat theeinitia| SQIQq%rP m of COD decreased to 3000 ppm. In contrast, in the control
section shoeve&ptrhgﬂﬁ% QOB PEMAINEd at a value of 43000 ppm, showing the change was slight.

[Example 4] [0028] reshaprat Beraivi 8vte prfRyaly AdH Re' Addedndegowl BesisHisSand the solution
was prepargetiita aajuating! ithe beater holatenhinL09H aodreastenrizest, BY Hiin@theo of Mucor

) : i . fib
;23:;?0\;,)\/;;%%”;&& %%,ﬂ%%%%g&t%@ e(?n gr%?ﬁg ibr@iﬂm%vﬁ;g?gﬁgg@%ta erI sz)olilcjjs-state
e

orm ;
culturing folBeeeRAbe! the tank, I auleES: (s dhe Fa Bl IR SSIUSNIARRSE Bhfed by adding

0.1% of Mutmgbpwetey is Hiecfedl ditbppéng.solution and by vibration culturing for 3 days at 30C. [0029]
In the test se td@ag?f the present application, the above-described fixed fungus body was added to one

90% (not pastoun e AR FIRAAL EHAAE U DL A5 HFSUBEN at e teot
section shopustfigaiomeeanmtin tHepoigioapasa fixsd ssairestdneivmssenisanheationieaty of the
solution wapg eautRldeeMborihpddiieB 14D WRS HiRiddRRRIRANMRESD cHAPPPSMarti cularly
effective when such acarrier is used for purifying rice wash or restaurant wastewater
which isrequired to reduce SS or BOD.
[Example 1]
[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 atemperature 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 polypropyleneinto 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]



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 awamori COD: 0 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)

Purification Treatment of rice washes by Aspergillus niger

[Table1]
Before introduction | Immobilized fungus | Direct introduction
of fungus Introduction of fungus spore
(present invention) | (reference test)
COD 800 ppm 80 ppm 1050 ppm
Turbidity 15 0.015 1.3
[0022]

As clearly shown in the above table, atest according to the present application
using afungus 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 Sludge Treatment

A test was conducted to carry out purification for active sludge collected from a
water purifying tank installed at afood 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
daysat 35°C. Inthistest section, 1 ml of the immobilized 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 aeria 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 1
liter of active sludge and aerial culturing was performed.

[0025]
In the following table, changes in the volume of the active sludge are shown.



Niger Oryzae Sojae Awamori COD:Ohr 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 9
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The malt film case in the lower table indicates the change of digestion ratio for rice wash
a sponge carrier including a malt membrane after being subjected to aerial culturing. [0031]
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As shown in the Table 2, when the active Sludge is treated by a fixed fungus body
which isformed 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 fungusis
simply 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
aerial culture was performed for three days at 30°C.

[0027]

Asacontrol test, a cultured solution was used in which Ryzopus was subjected to
avibrating culture for three days at 30°C.  Inthe control section, 10 ml 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 avalue of 43000 ppm, showing the change was dlight.
[Example 4]

[0028]

Treatment of Fowl Droppings
Water was added to fowl droppings and the solution was prepared after adjusting

8



[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 aeration 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. [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

the water content to 90% and pasteurized.

Then, 0.1% of Mucor spores were suspended in the solution and the suspended
solution was coated on the fibrous polypropylene and a fixed fungus body formed on
the fibrous carrier was prepared after solid-state culturing for 5 days at 30°C.

Asacontrol test section, a cultured solution was prepared by adding 0.1% of
Mucor spores to the fowl dropping solution and by vibration culturing for 3 days at
30C.

[0029]

In the test section of the present application, the above-described fixed fungus
body was added to one liter of fluid in which water was added to the fowl droppings and
the water content was adjusted to 90% (not pasteurized) and aerial culturing was carried
out for 5 days at 30°C.

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 awamori
COD: 0 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: Ohr 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
9



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 Dec.17 20 Jan.8 30 Dec.3 190 Dec.18 120

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 reveaed that rice wash can not be purified only by adding malt, and
simple addition of malt rather increases the value of COD viceversa. Inaddition, itis
not possible to purify rice wash by adding a sponge carrier including malt if the sponge
carrier including fixed malt is obtained by soaking the carrier in amalt culture solution,
that is, a carrier 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 amalt hyphal membrane by solid-state
fermentation, it is 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 sojae and A spergillus 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 20t is continuously treated in a
large scale facility having atemperature maintaining and aeration capability provided
with amalt fixed fungus carrier. The daily change of COD vaues is shown below, and
the graph showing the daily changeisillustrated in FIG. 1.

10



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 Febh.3 9 Dec.8 100 Dec.24

[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. 1 350 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



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. CLAIMS
1. A method of purifying waste fluid comprising: adding a microorganism-immobilized carrier to the
waste fluid, wherein the microorganism-immobilized carrier comprises a water-containing porous or
fibrous carrier and a hyphal membrane of a filapgptguysfungus and/or actinomycete grown by
solid-state fermentation. 2. The method according 1o claim 1, wherein the microorganism-immobilized
carrier is prepared by coating a porous or fibrous carrier with a) a liquid for culturing filamentous fungi

and/or actirbriyoeteedpicbuli Bpogesastalikiitl soreptisirgfungus and/or actinomycete on the porous or

fibrous carrigiopmslvigreurRite- miriodl Inemkiwee Bf e fiaeriausteraytand/or actinomycete on

the porous qgr. fibrous carrierrl%\ég?li%astate fermentation. 3. The method accordinﬁ to claim 2, wherein
nopiTized carrier brous

: icrogrganism=Immopi COMPIISES aweater-containing poraus or . o
the mlcroorganlsmglanqmobmz carrier’is E)re@_ argal%e)? coa‘rﬁ\ng a poroug BPfibrous canier with a liquid

for culturingCAIE R ENbaSYORE meaTeieR ouHieRoEs RijsHiceact peraxceta BEOMA R ntous
fungus andépitiactiaetarestatatiorihe 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

actinomycefe 1918 TR RECR GRS M WHREEHR LS FRIFARISAY SRy BRI <RSI St, wherein
purification prfejfared dsteditingcopapoisesr removatati®Swith @) aliquid for culturing filamentous

fungi and/or actinomycetes and b) spores of the filamentous fungus and/or actinomycete
on the porous or fibrous carrier and by growing the hypha membrane of the
filamentous fungus and/or actinomycete on the porous or fibrous carrier by solid-state
fermentation.

3. The method according to claim 2, wherein the microorganism-immobilized carrier is
prepared by coating a porous or fibrous carrier with aliquid 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 hypha 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.
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