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RELATED APPLICATION(S)
This PCT Application claims all benefits applicable under 35 U.S.C.§ 119(e) related to
U.S. Non-provisional Patent Application Serial No. 12/982,669 filed on December 30, 2010 entitled
“FLOATING BIOREACTOR SYSTEM?”, which is a U.S. Non-provisional Patent Application related
5 to U.S. Provisional Patent Application Serial No. 61/317,715 filed March 26, 2010 entitled
“FLOATING BIOREACTOR SYSTEM?”, and incorporates both U.S. Provisional Patent Application
Serial No. 61/317,715 and U.S. Non-provisional Patent Application Serial No. 12/982,669 in each of

its entirety herein by reference.
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FIELD OF THE INVENTION
The present invention pertains to an aeration device and microbial bioreactor system for use
in a liquid medium. More specifically, the invention relates to floating bioreactor systems that can be
adapted to applications for treatment of water, leachate and industrial waste in rivers, streams and

5 creeks, as well as water in aquariums and domestic septic systems.
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WO 2012/ 091787PCT/ US2011/ 058139 RELATED APPLI CATI ON(S) This PCT Application
clains all benefits applicable under 35 U S.C. 119(e) related to U S.

Non- pr oviwoenelooPwrent Application Serial No. 12/982, 66®Ciused10mi1Becenber
30, 2010 entitled "FLOATI NG Bl OREACTOR SYSTEM', which is a U S.

Non- provi si onal Patent Appli ion rel t .S, Provisional Patent
Appl i cation Serial No. 61%@WP|%3%§§@%§5§0%010 entitled "FLOATI NG
Bl OREACTOR SYSTEM', and incorporates both U S. Provisional Patent

Appl i cat i on S3BFYIZFC aqErtiop §9els tp relqase Buhplegjaighe Resiomt dRs rRopd A alley il to rise
Application Serial No. 12/982,669 in each of its entirety herein by

r ef er erfydhe fotye ofgrpyity. BHIUppEReraOERFIcey utilize bubltpeto geraeapvell avaitthorP Ber t ai ns
to an aeration device and mcrobi al bioreactor systemfor use in a liquid
medi um WBr Espijsers et e thgexpylgien phRubRles e cpese afEsNg action uedcrgansity eact or
systens that can be adapted to applications for treatnment of water,

| eachatentagideiveaude watgh angehe ubblg will yesplsin agoxeggtranie- Screeks, as wel | as
wat er in aquariunms and domestic septic systens. /// BACKGROUND OF THE

| NVENTI ON

Bioreactors are also designed to treat sewage and wastewater. In the most efficient of these
systems there is a supply of free-flowing, chemically inert media that acts as a receptacle for the
bacteria that breaks down the raw sewage. Aerators supply oxygen to the sewage and media further

10 accelerating breakdown. In the process, the liquids Biochemical Oxygen Demand BOD is reduced
sufficiently to render the contaminated water fit for reuse. The biosolids are collected for further

processing or dried and used as fertilizer, agricultural feed, etc.
Subsurface aeration, bioreactors and most likely a combination of both are commonly
15 employed to treat sewage water, recycle wastewater and other water treatment applications both

industrially or domestically.

/1



Subsurface aeration seeks to rel ease bubbles at the bottom of the pond and
allow themto rise by the force of gravity. Diffused aeration systens
utilize bubkbemyim7aerate as well as mx the pond. Wat epCaitspéiamssment from
t he expul sion of bubbles can cause a m xing action to occur, and the

5contact between the e |t _in an oxygen
transfer. Bio#ﬂﬁﬁéﬁTé%Egé5ﬂ?§§M§££$Bﬁ%ﬁ”ﬂ%ﬁﬁﬁgiﬂo@bmage and

wast ewat er . n the nost efficient of these systens there is a su

free-f| ow nglhCRFETALERPIiPnTelaFs O deyiien thAbonsiitt of Aapparpletiaprcaing ap r 1 he
bacteria that breaks down the raw sewage. Aerators supply oxygen to the
sewage HfRaiRed guiduprediiar anfahthe e1mes ips WPB?%%}R%\% comﬁlu@ﬁémﬁliog@b Q8- the

| i qui ds Bi ochem cal Oxygen Demand BOD is reduced sufficiently to render the
cont anitAatEHionaf eigars vasoin riveissev eyl PhaswptE ddlempryireynenscitbiging Srsifur t her
processing or dried and used as fertilizer, agricultural feed, etc.

Subsur fraic@bibicadingn, bi oreactors and nost Ilkely a conbi nation of both are
commonly 15enpl oyed to treat sewage water, recycle wastewater and ot her

wat er treatnent applications both industrially or donestically. ///
ADVANTAGES AND SUMVARY OF THE | NVENTI ON The present invention relates
to a syst emTheatesevimyigios iof magrpbapparatursiefigred geweakimepecamdtec fuch ad akisng a
liquid nmediumand at the sanme tinme an apparatus for the continuous

m cr obiaall plyde pehdigadnsauind Gk gian gp weist leolpgicallyvier®, cleewe mateamch shotier wast e
| aden environnents utilizing in-situ 5m crobial seeding. The present

i nvent iaomuhtof @mlacd ebbelnogy efficieor It desisdn davitimbodded inticroyes i, wat theseatech as

| akes and ponds and in | agoons and tanks to clean up water biologically. It
cam cl easestih s imaihe¢acion clantbliohit iea®owd pgfes.t i me and wi || be energy efficient.
It works by having i nbedded m crobes in, and these are 10stores in its main
reactor chanber that is a slotted pipes. The core of its main reactor
chanber is a perforated hose. Air is punped into the perforated hose and is
rel eased al IThlcoR@f fth@aiRir@etor dHagbad ik a barfodattd hsedhit B phiifediath @lfe petibfagdndi ng
this and this causes the water to rise and it circulate the mcrobe with

t he di rfo¥e Mati€klcasbBhB albBEMS plpBer¥aGi®MBSsed in the water surrounding this and this
causes the water to rise and it circulate the microbe with the dirty water. This feeds the microbes
15 imbedded in the media and this causes the microbes to replicate and thus releasing billions of
microbes every second. As the microbes are release upward it is oxygenated greatly by the main hose

diffusers and this causes the microbes to multiply even much more.

At the top of the water, the water is pushed out and is mixed causing even more microbial
20 growth. At the surface of the water, it again is exposed to the atmosphere and is not only evenly

spread out, it is again oxygenated and thus multiplying organisms even more.

The microbes create an even larger zone of air and/or oxygen transfer to the water, thus
facilitating even more microbial growth. Thus, all along the water flow cycle, the present invention
25 generates even more microbes in the expense of minimum electricity usage of the approximate range

of 2HP.



15i nbedded in the nedia and this causes the mcrobes to replicate and thus

releasing billions of mcrobes every second. As the m crobes are rel ease
upwar d i twoomopgmsnat ed greatly by the main hose diffusecs/tseai1iobs139 causes
the mcrobes to multiply even nuch nore. At the top of the water,

the water is shed out d is mxed causing even nore m cropial 20grow h.
AL the surf ZEuNORIEHS PYHEARYD Fpdes st ioéwéti%&%lé’dt YIS R0 BBy HEPRSand i s
not only evenly spread out, it is again oxygenated and thus nultiplying

or gani SHEINEFSSS figyolyed oxygen suph thapmicy Efégroefvﬂéagtt@ boHompaRe Ak GEVAISTROLY &F  ai r
and/ or oxygen transfer to the water, thus facilitating even nore m crobi al
gr owt h.grepHy §nhagged. Hiugngptgriec! saedindrpdvide paddition. the niecssarmoyen hutiegean
25generates even nore mcrobes in the expense of mninumelectricity usage
of t he salside Bieparhtnghs entEitpfedpyaper or g/ npgirg 7 pomoesse gioedusy mothane, As
the water is pulled down under the tank or water body, it pulls down not
onty niagreshdeussiges, fnppieade §elgprsave/bel cypgeentsuch that mcrobial growth at
the bottom of the tank or water body is greatly enhanced. Thus, water is

cl eaned and revived. In addition, the process renoves hydrogen sulfide
present in the contam nated water or other liquid nmedium The process al so
reduces net hanelvaBagegr theprdon secgms is thgrbmablidsand/or thelgp hpdeseis ¢eminhigd.

envi ronnent . An advant age of the present invention is that biosolids
and/ or Biebdgdidaredhicngp kgl @hsumed &y éd.midrokeshihosdimigsing the neat fenslugge amd
consuned by the mcrobes, thus elimnating the need for sludge and

bi osol itsolidrdhdling c@gpigieitposat iegplosedifio thaving the adidotes omthe kadicagf thhie

m crobes on the surface of the 10water increases the efficiency of oxygen

t t@nsf evatdriindrdaseshbheaarBAicObf oxygen trans Briatiiecrioreda@ct of the present invention
is the very small amounts of electricity consuned due to high efficiency
whi ch hel ps to reduce energy consunption. 15Anot her object of the present
invention is that the biosafety | evel one mcrobes can inhabit the

M cropor es iAnoteotjet ksthap@sdnt Mt dshdert ilisoe@esr Aneid@ephsafed AR OVi Ng
even after the bioreactor is disengaged although the effect is nuch better

t 0 | eaug high cifidicRty2RBeh helps to reduce energy consumption.

15 Another object of the present invention is that the biosafety level one microbes can inhabit
the micropores in the rocks and river beds of the streams and keep on improving even after the

bioreactor is disengaged although the effect is much better to leave it in place.

Another object of the present invention is that even without expensive membrane filters, the
20 bioreactor can be applied to sewage with results that clean waste water to bod less than 5 or less than

1 and then it is percolated and the treated waste water can recharge ground water.
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Anot her object of the present invention is that even w thout expensive
menbrane filters, the 20bi oreactor can be applied to sewage with results
t hat cl eawowasr®1mwater to bod | ess than 5 or | ess than PCanus$20ihomIBe is
percol ated and the treated waste water can recharge ground water. ///

BRI EF DESCRI PTI ON OF THE DRA Fl | AJ representative upper
front perspective view cﬁRIFFP TO¥Ya P?%PWM 100 of the present

invention. 5FIG 1B is a representati veg%_raph showi ng the rel ati onship
bet ween St arlddr b ORYEREFFCTRAYSPRT RAT RS PSOTRY 4l 19 IE Stpsearisr aisters 194 af ved
Solids [TDS] values of the liquid nmedium FIG 1Cis a representative

graph ¢ 8t YF8tie®| at i onshi p bet ween Standard Aeration Efficiency [ SAE]
and various Total D ssolved Solids [TDS] values of the liquid nmedium 10
FIG 1D is a representative graph showing the relationship between Standard
Aeration Efficiency [SAE] and various Salt Concentration [TDS] val ues of
the |iquid rddi Uhis a representative graph phawing (e padatignshephessesn Sanilaré Ogyzeph showi ng
the rel ationship between Standard Aeration 15Efficiency [ SAE] and vari ous
Sal t Cofesfr Rateil SO TR kDS avak Jew! Bissalted Splidpil @ Shrediien pf the liquid medi@n. 2 is a
representative upper front perspective view of an in situ bioreactor
contai ner 200 of floating bioreactor system 100 of the present invention.
20FIG 3 is a representative view showi ng the nmethod of application of the
fl oati ng bi diléanl Br rqystamiviQEpbkhdwisg the edenhshippheenich Smndard Aeratibd G 4A is a
representative view showi ng one nethod of adaption of an alternative
enbodi rEffitiencyi[ RAE g @fididnsTbia DD B&tted ISo Bdyd TBST ek oSiyis tiguid A08dium.

10

FIG. 1D is a representative graph showing the relationship between Standard Aeration

Efficiency [SAE] and various Salt Concentration [TDS] values of the liquid medium.

FIG. 1E is a representative graph showing the relationship between Standard Aeration

15 Efficiency [SAE] and various Salt Concentration [TDS] values of the liquid medium.

FIG. 2 is a representative upper front perspective view of an in situ bioreactor container 200

of floating bioreactor system 100 of the present invention.

20 FIG. 3 is a representative view showing the method of application of the floating bioreactor

system 100 of the present invention.

FIG. 4A is a representative view showing one method of adaption of an alternative
embodiment, viz. aquarium bioreactor and aerator system 400.
25
FIG. 4B is a representative side view of bioreactor and aerator combo 401 of aquarium

bioreactor and aerator system 400,



25 FIG 4B is a representative side view of bioreactor and aerator

conbo 401 of aquarium bioreactor and aerator system 400. FIG 4Cis
a represaenbavivmisiide partially exposed view of bi or eacPol/tseel 1468139 or
conbo 401 of aquarium bi oreactor and aerator system 400. FI G

5A is a representative view show ng one t hod of adaption of an
alternative F@én%’diaﬁ%‘fs,em%‘?,“dﬁé?ﬁ%‘ ewp%ﬁ BieB S Biorg obd ag@oa FYRPSPLt em
500. FIG 5B is a representative side view of home septic unit 501 of
home sePeIErBRIBEE s dAsHIAsr id#00syst em 500. 10FIG 5Cis a
representative side partially exposed view of home septic unit 501 of hone
septic bioreactor and aerator system 500. FIG 6A is a representative
vi ew showi ng one net hod of adaption of an alternative enbodi nent, viz. aero
dynami ¢ m xédGbldrsedenresentaime vay doymeepes methp$ordairijogof §Raliemagve
representative side view of aero dynam c m xer 601 of aero dynam c m xer

bi br eaciodiawd:, dertaing ey diceem®0Md aefator sBETAFIOED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT The description that follows is presented to enable
one skilled in the art to make and use the present invention, and is
provided in the context of a particular application and its requirenents.
Var i ous 5nodilGi Saisiaagsestmativeaidd ivieel ddetle sphio diin®rtes hunt sephiebiappasent t o
those skilled in the art, and the general principals discussed bel ow may be
appl i edictator eshmt soanbodi ments and applications w thout departing fromthe
scope and spirit of the invention. Therefore, the invention is not intended
to be limted to the enbodi nents disclosed, but the invention is to be
given the | argest possible scope which is consistent with the principals

angl featur esﬁlée%fsiabﬁgesgﬁﬁﬁje@ide i‘annially exposed view of home septic unit 501 of home

septic bioreactor and aerator system 500,

FIG. 6A is a representative view showing one method of adaption of an alternative
embodiment, viz. aero dynamic mixer bioreactor and aerator system 600.
15
FIG. 6B is a representative side view of aero dynamic mixer 601 of aecro dynamic mixer

bioreactor and aerator system 600.
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DEFI NI TI ON OF TERMES: Standard Oxygen Transfer Rate [SOTR] - Pounds of
oxygen transferred to water per hour [l bs 02 /hour]. SOTR is neasured in

cl ean watwo 2odpa9118Me di ssol ved oxygen [ DOl concentrati orCraiS2@nosas9 al |
points in the water volume, the water tenperature is 20C, at a baronetric
pressure of 1.00_1 m [ 1 Pa] . ndard Aeration Efficiency [SAE] -
St andard Oxygen ﬂ‘%%&#‘%& D%ES?I]J&?N&E THE%?EES%%%hfWE@AE is typically
expressed as the pounds of oxygen transferred to the water per hour per HP
[l bs 02 /hour/HPwire], and is sonetines referred to as SAE Wre. SAE is
used as _a neasure of how 20efficiently an aerator is transferring oxygen.

FI G | Alhedessripiigytba éoftodpiispsessppeio snpdnencskilleh idhs yetoynakgarst use fhsREssey

bi oreactor system 100 of the present invention. Floating bioreactor system
100 of ipyratip aadifprovide@htthospnisasola PRBIGeRpriaion pd ireduarBets Yereus housi ng
102 is made of fiberglass that is strong enough to support the weight of

t he 25eamdificatinssath digclbsed cahedipents y 8k kerpppaont i thpwskilleda thesyt, sadithee  of
buoyance and is not prone to corrosion, degradation in the presence of

wat er azseramprioeibas dikquengil delpw diay e apnhied toditleg cwbddimenas and applioaacss evitheter Wi t h
ot her chem cals. Housing 102 of floating bioreactor system 100 can be
assenbldepartiVg0re0 12509t Z87PRET/OUSR divendss8TiBGetyy, theinsergind isbol mended tobher

opti mal nechani cal fastening nmeans. As shown in FIG 1A, a plurality of

fl oat s libd@d & ée anbatheds digldsed Sitrthe hOtiomishobhgiséindbslargbfig@ossdilascbpmct i on of
floats 120 is to | end buoyance to the entire floating bioreactor system 100
such t hdticitibeorpisesenith theyenigarnd atbdseedcobdd leatin.and mai ntai n an

appropri ate buoyance |level within the liquid nedium Optionally, floats 120
at@ 5infl atable or otherw se adjustable so buoyancy and waterline of the
overal | housing 102 can be adj usted. As shown in FIG 1A, blower 104
i s pl ageeFsmionoOfERMEsi ng 102. | n one enbodi nent, blower 104 is a 1. 75kW
regenerative blower which is an ideal solution for noving | arge vol une of
10 air at | c3dafd((BSEeH Bns@ RARISOYRLLUPGIndsTdT x ih frahdféteddit®@Ratef pdbheurer 104
is to be an air source for the aeration process of the present invention

100. USiR®, MloaMesolid4 neatur&fin @REn Rhtet MRnARSiss6I08d 0:8LELEI0] ondaRmtdNied s f or
produci ng pressure or vacuum Filter 106 cleans particulate fromthe air

that gogg dt M pdfks thOWER: RIAGHE the 1kr tnpRMAIrdis GBRL a bafintetdidhr&Qmt 8€T.00M t h
di ffuser grids 130. 15As best shown in FIG 1A blower 104 is connected to

dif f usefm @130 via diverter 150 and subsequently hoses 152. Hoses 152
are attached to diverter 150 to receive the necessary air for diffuser

grids 130. In one enbodi nent, diverter 150 spreads the air generated from
bl ower 104 evenly to diffuser grids 130 via a plurality of hoses 152. The

mai n functi an, of (N ffis Fb IR AFF0 st ali@ 0R) SALE.RRE AL B Wik flhibobbe | i quid
medi um t hat 't he rpreeselnt icvélnfrson 1(§0a%|dsr trggﬁg 1o cFeaﬁ. n aHbé)r native
input. SAE is typically expressed as the pounds of oxygen transferred to the water per hour per HP

[lbs O, /hour/HPwire], and is sometimes referred to as SAE Wire. SAE is used as a measure of how

20 efficiently an aerator is transferring oxygen.

FIG. 1A is a representative upper front perspective view of floating bioreactor system 100 of
the present invention. Floating bioreactor system 100 of the present invention has a housing 102. In
one embodiment, housing 102 is made of fiberglass that is strong enough to support the weight of the

25 entire floating bioreactor system 100 without the assistance of buoyance and is not prone to
corrosion, degradation in the presence of water and/or other liquid medium, including salt water or

waste water with other chemicals. Housing 102 of floating bioreactor system 100 can be assembled



20 enbodi nents, nultiple diffuser grids 130 can be installed and connected
to blower 104 to increase overall effectiveness and scale of cleaning power
of fl oatiwg@ 2bi2owemet or system 100 of the present inventipom/USEan/oef189 ci ent
aeration system whether it is an aeration system or device spl ashes,
sprays,, or 25 ffuse air, ant. factor .is how surface area it
creat edY nvﬁémglwm ahegrapiinp i CRPE IFHT S ﬁ@d\iﬂdﬂﬁ"}iﬂea%egraﬁfyr&and
where oxygen transfer takes plac e Smal | er bubbl e size results in nore

sur f acdlarda0 agaitached 1@ hapyng 103 on e isides A8t mpindincieroidisatsdedisdoati or i n
oxygen transfer than WO 2012/ 091787PCT/ US2011/ 058139 coarse bubbl e

aer at ortgoyapes tealid i iedlogdpaipierrtea pysien Bisych thatgharreseaiipveationis ple &y flatfist
create fine bubbles while expending a m ni mrum anount of energy. The main
pur pos end gaingpithaneappeephitg huSOTR leadvigAEe diquid e diaer Qriionllsfored20 &b n one
enbodi nent, there are a nunber of commercially available diffuser grids 130
t hat canfldiabld sredrcporaddpdtable sb heoybhayahd mgtebine pétae borralblysisiegl R0 Candfe t he
present invention. Mst of these nodels resenbl e what has been disclosed in
US Pat exdjustd. 5, 811, 164, issued Septenber 22, 1998 to Mtchell entitled

" AERATI ON Pl PE AND METHOD OF MAKI NG SAME", which is incorporated herein by
reference in its entirety. One of the comercial nodels is Aero-TubeTm

di ffuser grids. One of the 10npbst inportant structure for the extrenely

hi gh perf or naneewand1ef fA,wlenre Y040k pAiddases ofobdse 1030miose thgvdankapt at i on of
hose segments 132 which, through a unique conbination of technique and raw

mat er i aflowd 1AL THAVRIQbRrdlivE bIowRAK IR id 3 ideh OUBHRPME mbNBs laeRGbhnelr hose
segnents 132. These mcro-pores 134 create tiny air bubbles and hence high

sy f acey;ak River W@ésﬁlt& 8l At e TRE fafl Bkioh 5%%&&0@& t8bd ad S BuicbeorRter. In
one enbodi nent, fuser grids 130 are nmade up of hose segnents 15 132.

Pr ef
" T A ﬁi@?ﬁ%ﬁ ?%eiﬁ 1%9’%&‘% AR TR er°3§%£f%%ﬁhést 0 a

net hod deﬁ)rlbed inthe ' % eC|f|q9t|ons

of hosd SEgRENTS I3 Hre iy uum”f*tl%tefxl??mfansP?&C@ﬁ?%g Mot ae

D anete . apet e 0 inch (1.27 cm; Wl
Thicknéfé]‘ié)uglﬂl9 qg&%ﬁ”?@@@%@ @ﬁPfOW@Fdﬁh ?ﬁgﬂfggPper foot (0.327 kg per
neter); Roll Length, 200 ft. (60.98 neters); Roll Wight, 44 Ibs. (19.9
kg); Burst Pressure, 80 PSI (5.5 bar). Due to the nunber of pores created
during the manufacturijn process there is |little resistance 25created when

pihi ng ai r AHEITERYhELEC sl lomies 1035 conpertsdsp JHRiscrardnl Y vindv gy Haafd

hence di ffuser grlds 130 uses significantly | ess horsepower when conpared
wi th t rsabrcaycathahospetRoldesent S2:67 atarksd 1o tixerica dShigrencle she nsesdHrnethioe| s,

aspirators, less efficient tubing, etc. Mreover, diffuser
diffuser grids 130. In one embodiment, diverter 150 spreads the air generated from blower 104 evenly

to diffuser grids 130 via a plurality of hoses 152. The main function of diffuser grids 130 is to create
acration within the liquid medium that the present invention 100 is trying to clean. In alternative

20 embodiments, multiple diffuser grids 130 can be installed and connected to blower 104 to increase
overall effectiveness and scale of cleaning power of floating bioreactor system 100 of the present

invention.

For efficient aeration system, whether it is an aeration system or device splashes, sprays, or
25 diffuses air, an important factor is how much surface area it creates. The surface area is where
water/liquid medium contacts air and where oxygen transfer takes place. Smaller bubble size results

in more surface area, which is why fine bubble aeration devices are superior in oxygen transfer than



grids 130 bare tiny pore size which creates bubbles with extrenely smal |

di aneters. The smaller the gas bubbles, the nore efficiently they transfer
oxygen i nwo 20f@1787Snmal | bubbl es al so take | onger to ri $ETAse@ 10bsap9 ar e

i ntroduced into water. Slower rising, small-di aneter bubbles nmean nore
contact with Lge wat er and. a nmuch hi gher rate of ox¥gen transfer. By

creat i FET YEPICIREZITT y© SREIMTEr2 B BbT HECNY i &SR PEIEHEI HUst eFd'f 8% gri ds
130 are able to deliver high rates of oxygen transfer, lSOTR],and ener gy

ef fi ci enBYey eplE expeading Gy MUR aajognt of Anergy d PeRRINEHPRF R ¢ RighPYSRpunt ed
on housing 102. In one enbodi ment, bioreactor punp 108 is a relatively |ess
power f (d pOF0T the 39BIOP AYEE: of about 60Wthat 10 supplies air to the in
situ bioreactor container 200. Bioreactor hose 140 that connects bioreactor
200 al so transfers air from bioreactor punp 108 to the bioreactor 200 for
the biocarrier nedia therein. Air and nutrients are supplied to the

m Trobi al pdpahegnbedimghi. Stsrearea hoeket edcomimerdinlytahalabledeiaiser gids hddthai can n one
enbodi ment, bioreactor 200 is secured at the bottom of housing 102 and
under néwtifvodiofatadse thedlopuis H@eacton syteovl e domrdsent mysntion- Bostief thdghihadely of
beneficial mcrobes directly wthin an 15environnent to be treated thereby
per m t tresegbepthanhag dcbnniiselxal in 2t Ha@nt 196. Svid$11 64, isiqidSepembtred, E98 weMiitclas
acclimation of the mcrobes to such waste. FIG 1B is a representative

gr aph showddig FRAGIONIPaRE ANDIVPTheDWEeN ABIHOdNME Oxygaris ihcapsited hdrah by [ SOTR]
and various Total D ssolved Solids [TDS] values of the liquid medi um of

bot h 2Geforoa®yia iitabntidet) fQigar tgrcbmmet30madds & nach-Tibenadiffaer gldsoOnda\thece | i ke
paddl e wheel. As best shown in FIG 1B, diffuser grids 130 performs better
t h@n pasdl gpohas kirddir g Rwkiré ey high §& f@hantPend Eraetity oo diaRiy: eXdmBh el y
35,0000 ng/ L. This denonstrates that using diffuser grids 130 is an

ef f ect i adaptIIRSH BBscTBIRAE 1f3QRVhi%ﬁ,rtﬁ1toiu€xﬂa I ghemba@IdRlof (2Bl and fav S @
|

representative graph showi ng the relati onship between Standard Aeration

Ef fici %éﬁaﬁ,%ﬁgﬂes ﬁiﬂger&%rnili%%o_ 9}194 thgugl%ﬁlt fﬁ@@e_n | JrdlSse [sg-éaﬂlts\igﬁ.bﬁﬁse()f the

i quid nmedium of both commercial diffuser grids 130 and traditional

aerati qﬁcggp\&e% q:;J‘ Lljée?[e Bﬁa}dg!‘ lﬁlbmg gAd’ heﬁtse Igglsshrﬁ&%%, \ifvﬁlich allows the efficient

transfer of air into the water. In one embodiment, diffuser grids 130 are made up of hose segments
15 132. Preferably, hose segments 132 are made from thermoset polymer particles in a matrix of
thermoplastic binder material, which may be made according to a method described in the '164

patent.

In one embodiment, the specifications of hose segments 132 are in the approximate range as
20 follows: Outside Diameter, 1.00 inch (2.54 cm); Inside Diameter, 0.500 inch (1.27 cm); Wall
Thickness, 0.250 inch (0.635 cm); Weight, 0.220 lbs per foot (0.327 kg per meter); Roll Length, 200

ft. (60.98 meters); Roll Weight, 44 lbs. (19.9 kg); Burst Pressure, 80 PSI (5.5 bar).

Due to the number of pores created during the manufacturing process, there is little resistance
25 created when pushing air through hose segments 132. Resistance equals energy demand hence
diffuser grids 130 uses significantly less horsepower when compared with traditional methods of

aeration such as bubblers, paddlewheels, aspirators, less efficient tubing, etc. Moreover, diffuser
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WD 2012/ 091787PCT/ US2011/ 058139 FIG 1C, diffuser grids 130 perforns better
t han paddl e wheel throughout the range of TDS from O to approxi mately

35, 0000 myoOL012AvOTSIi Ng t hat using diffuser grids 130 i sPaTmsed11/088189 cost
efficient nethod for aeration [hi gher SAE]. 5FIG 1D is a representative

graph show n e rel ationship n S andar Aera ion Efficiepcy [ SAE]
and varaﬂéﬁ?‘%ﬁretﬂwaee*ﬂﬁr th?ﬁea rhpla A éét“a? %ﬂﬁtﬁs ORI BE oSt
comon aer ati on net hods |nclud|ng Aer o- TubeTm FIG. is a representative

gr aph s3oRabls thremprs cHicicgHy Hiey e fafiasigesinihbaeiaSmalt 'altb%ﬁ algg k¢lopgfE e [ SAE]
and various Salt Concentration [TDS] values of the liquid nmediumfor nost
cormmmon TEePaaeiteRy aheintietised RO A Ny o e s g et fiamsier Pehbias drcan ot rang

recogni zed engi neering firmconducted performance tests on the aeration

t ube i viBohhwiterapd aangh Sigher rola pEexyeenransfamBhi catingsignifecgpthy wiaflebubbledy, t hey
conpared an airlift aerator utilizing Aero-TubeTm technol ogy wth an equal
hot sepowee cifiaduile dithiew|gridntPOrasble tpdddicehigheséds oferygeniransfenddOJR ek nost
popul ar aeration technol ogi es on the market today. 15Aero-TubeTm perforned
ext r enehgrgyelficicngy [AAE].ar eas, including its ability to transfer oxygen to
water, expressed in terns of a standard oxygen rate [SOIR], and its
efficiency in terns of pounds of oxygen per kilowatt-hour [the standard
aerator efficiency or SAE Wre, rate]. In the fresh water
testing, theasAdown 6T darraicor pexe tsdeasd meurfpaidal reuiheH2' & caaer gy
20efficiency [ SAE Wre] by up to 2.6 tinmes. Aero-TubeTm aeration tubing

per f or reatbo@men:, bietch@br gumpt10® issathtivif IBgs po&sitful phsp ilt@e eapsSbitapo@fcothBatwat er ' s
salt content increased [from5,000ny to 35,000 ng], the oxygen advant age of

the Aerspplbal® By alkeMbdtaasi doftalnes0. Blored@oORRe Wthat Nedakets bda8BELDY
efficiency of Aero-TubeTm 25aerator was as nuch as 4.2 tines the efficiency

of the paddlg.vheebm bW}éa!c%r P&hb PISTE MeDiRbacl baHREMe ok SfiedRQi MY cMakYy anmong
di fferent brands and nodels, in WD 2012/091787PCT/ US2011/ 058139

and nutrients are supplied to the microbial population which are located within the biocarrier media.
In one embodiment, bioreactor 200 is secured at the bottom of housing 102 and underneath diffuser
grids 130 to provide continuous in-situ addition of beneficial microbes directly within an

15 environment to be treated thereby permitting optimized mineralization of waste being treated as well

as acclimation of the microbes to such waste.

FIG. 1B is a representative graph showing the relationship between Standard Oxygen
Transfer Rate [SOTR] and various Total Dissolved Solids [TDS] values of the liquid medium of both
20 commercial diffuser grids 130 and traditional aeration device like paddle wheel. As best shown in
FIG. 1B, diffuser grids 130 performs better than paddle wheel throughout the range of TDS from 0 to
approximately 35,0000 mg/L. This demonstrates that using diffuser grids 130 is an effective,

improved method for aeration [higher SOTR].

25 FIG. 1C is a representative graph showing the relationship between Standard Aeration
Efficiency [SAE] and various Total Dissolved Solids [TDS] values of the liquid medium of both

commercial diffuser grids 130 and traditional aeration device like paddle wheel. As best shown in
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general diffuser grids 130 are considered one of the nost effective and
cost efficient aeration devices because nearly all of the energy used to
del i ver tweaiwootsat goes through hoses 140 and hose se@CEMIS01183813DeS
directly into the water/liquid medium A paddl e wheel, wastes energy by
throwing water/liquid nediuminto the ajr to pick up oxygen, 5 FI G
isar eﬁﬁeg%m &F?&@%H&éﬁﬂrffwﬁmﬁé@ﬁé@ﬂh? el Pesientl R e 81 T3S BPBodct or
tube or container 200 of floating bioreactor.sYsLen1100 of theipresent

i nvent i BHOXINS FPP) mefln Peqofipe hipigisigdifbiser &ida 13 i 2 puge meie cpyictsd i t h an
aeration device such as a m crobubbl e generator. The purpose of the

m cr obubshad feeaseitign BrghcsSABI gener at e hi ghl y oxygenat ed wat er which infuses
m crobes 10with the nutrients required to achieve very high | evel s of
process and treatnent effectiveness and efficiency. The accel erated
regeneration of mcrobes accelerates the natural mneralization process,
reduci ng tr d@ndnis agymésentaliveesaphnbowing the adldtipnslip britweeniStagdaod garstion

contam nant |levels. As best shown in FIG 2, in one enbodinent, in situ

bi or eadiffeictioyheAElomtl spmers SAOCodvagraginn (B velnesal! e lop idedbdpinpr siostuct ure 220
whi ch has | ots of inner bores 220. Wthin each inner bore 220, enough

m cr obicamnme dératichifetisdie ilcthdime Aconthed™. IFiG.0fas & ndpaedémeint grapiheeingshaer at i on
t ubi ng 230 enbedded within the slotted pipe structure 220. One end of

aer at i adlatianbhip@et23éh $tsndamineaioad: fideddy (RAAHahdvarfoos gallld@candticu®sSguent |y to
bi oreactor punp 108. When the bioreactor punp 108 is on, it supplies air

t hr oughraaes éttholiguidiaedign 263 Ghostdoinohiatiitiéd methadd lcaglinmgriereTamiedin Al r bubbl es
diffuse 20 fromthe internal to the external surfaces of bioreactor 200 and
ul¢ i matigkdnatling PEFeS@nizad EddeheSiiiy fti@dhn@todpt@srhlah@Uésth ONREH 46Rativh BibB HBIIOUS

i nner bores 220 where mcrobial nedia 210 are contained. The air bubbl es

suppl y Rek Mdoxy gafr afehoitbidotd. 81 &nlroll st ot @arldQifaRei@ ieRtinal | y
di sperse theminto the surrounding water/liquid medium 25FIG 3 is a

I epr es e Atrh ey WeRYI SHh WMhRE obiREndRpbRE RlidaRRbd ot dran paliait Reed Aeabi ng
bi oreactor system 100 of the present invention. As shown in FIG 3,

f1 oati ngoR AF BRGLRPuISYRLEM LOhoRick BEHRhes@Moddyavention is installed and
imrersed in the treated Iiquid nedium 310. The ‘waste 320 is WO

2012/ 091787PCT/ US2011/ 058139 received via inlet pipe 312 and is discharged
out through the outlet 314 after treatnent. In one enbodi nent, housing 102

i $5 suspende%@&q*uﬁe:%@&#gm&#e%@ﬁg%%e@ﬁé Lﬂ@mf?wmamg hpﬁﬁﬁz 120,08, Hath, §i de.

As best shown in F oating bioreactor system 100°i’s turned

on, bi %a‘?&c&?éegs%ggbt%%%%ﬁda?a &Iy@%ﬁ%ﬁﬁ%@@%&&‘im@fﬁci&{c&91t@x%ls'o‘fp&ﬂa'aé g ned in

its inner bo he tiny al u

oxygen per kilowatt-hour [the standard aerator efficiency or SAE Wire, rate].

In the fresh water testing, the Aero-Tube™ aerator exceeded the paddle wheel’s energy

20 efficiency [SAE Wire] by up to 2.6 times.

Aero-Tube™ aeration tubing performed even better in the salt water test. As the density of
the water’s salt content increased [from 5,000mg to 35,000 mg], the oxygen advantage of the
Aero-Tube™ gystem steadily rose. At 35,000 mg/L NaCl, the energy efficiency of Aero-Tube™

25 aerator was as much as 4.2 times the efficiency of the paddle wheel.

While performance of diffuser grids 130 may vary among different brands and models, in
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5generated from aeration tubing 230 will further disperse m crobes 360 out
of the system while continuously supplying oxygen and nutrients to the

m cr obes 8OQ129eTsrual | y, the m crobes 360 di spersed fr @ecThiSorieassiegy 200

wi |l establish thensel ves as the dom nant speci es within the liquid nedium
310 being treated e at the s ny air bubbles 350 are
generatgéger@&#ﬁs &5&9%?%}' FF BHPEPTS 0% ﬂ&rl}ﬂ&fgefiﬂgbve ot pIe: FrHEBBFASS 350
are nore readily absorbed into water per volune of air conpared to coarse
ai r bublisfwse needhalbefuBhencygy vssdyp defivebihe ainthal gochibEtreh Aere kiland hesespnaiseat ed
| iquid nmedi um 310. Moreover, the | ow head-1oss of diffuser grids 130

conbi neld2@pestiinggtlyrieta dheoratertiguidaeedinm. & raddp yheadfasieaenergydy thrwing cr obi al
popul ation to the liquid nedium being treated. 15 As shown in FIG 3,
m cr obivedterpigpidinzedivonin®ale distogickpeosyadnf r om bi or eact or 200 and nove
vertically away fromthe bioreactor 200 towards diffuser grids 130. Air
bubbl es 350 rel eased not only support the life of the m crobes 360 but al so
hel p evenly di spense m crobes 360 out to the liquid mediumfor treatnent
310. As bestFl§hbisn remesEht@Giveippdr fienigerdpeatiat view o6fin wisfth bisesactgrtiublsorl30 and
20bi oreactor 200 and nore inportantly their relative orientation in

f | oat i ngntiner WA ot AvatBy bloadartdOg o 100 ef he peent invenviemntlh ammdredt kiyu enhances
the efficiency and effectiveness in treating liquid nedi um 310. It

W 1 bevisredder staa06l rdaiat pat @& 0h hidgerand devniccsutidgea hiafehbbhgzeh@aidi. Tagent s ar e
elimnated in the present invention. The biosolids are eaten up and
consungfirdoye éhe MicFobOBRSgentiatés is@b bdHenatHigily 6438enald wagedhfcalinfodeuggieotrnd

bi osol i ds handling equi prent, disposal, etc. I'n addition, having the

M@ r obesitHife hildBerddibaed t@chlchEvarRhigh 1h OIS bERERSs Jnh%eﬁﬁqfeﬁt%ﬂ@aﬁvyne@i arfdXygen
transfer in the floating bioreactor system 100. WO

2012/ 0%ﬁ&&%ﬁh@@&%ﬂe&&i@%&aﬁﬁnﬁé@&égl&eler%sﬁe HaBRAMAE AV aridRQRbRS&ONS Land
Corporation; Analysis No.: WA-10-217 Model : Bi oC eaner TM 1200 nB system [ 16

HP] reducmg%%&tm'a?ttc?cle §§1Erspzin% Vlrtughf Q%Batllng 10r%91%gontﬁﬂﬁ51¥$évéls Cct ober 18-23,
2010 5Sanpl e Sourcei STP-Ma Quantrtative Water Anal ysis

As best shown in FIG. 2, in one embodiment, in situ bioreactor tube container 200 has an

15 external slotted pipe structure 220 which has lots of inner bores 220. Within each inner bore 220,
enough microbial media 210 should be loaded. In one embodiment, there is aeration tubing 230
embedded within the slotted pipe structure 220. One end of aeration tubing 230 is connected to
bioreactor hose 140 and subsequently to bioreactor pump 108. When the bioreactor pump 108 is on,
it supplies air through aeration tubing 230 which tiny air bubbles are created. Air bubbles diffuse

20 from the internal to the external surfaces of bioreactor 200 and ultimately disperse to the surrounding
watet/liquid medium via numerous inner bores 220 where microbial media 210 are contained. The air
bubbles supply both oxygen and nutrients to microbial media 210 and eventually disperse them into

the surrounding water/liquid medium.

25 FIG. 3 is a representative view showing the method of application of the floating bioreactor
system 100 of the present invention. As shown in FIG. 3, floating bioreactor system 100 of the

present invention is installed and immersed in the treated liquid medium 310. The waste 320 is
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Sanpl e Identification Influent Effluent DENR Effluent Method of (Lab.
Sanpl e Nos.) (S10-WA- 506) (510-WA-506) Standard for Analysis I nl and
Wat er WO 2012/091787 PCT/US2011/058139

received via inlet pipe 312 and is discharged out through the outlet 314 after treatment. In one
embodiment, housing 102 is suspended and floating with the assistance of floats 120 on both side. As
best shown in FIG. 3, when the floating bioreactor system 100 is turned on, bioreactor 200 disperses
microbes 360 which are originally contained in its inner bores 220. The tiny air bubbles 350

5 generated from aeration tubing 230 will further disperse microbes 360 out of the system while
continuously supplying oxygen and nutrients to the microbes 360. Eventually, the microbes 360
dispersed from bioreactor 200 will establish themselves as the dominant species within the liquid

medium 310 being treated.

10 While at the same time, tiny air bubbles 350 are generated continuously from diffuser grids
130. The fine air bubbles 350 are more readily absorbed into water per volume of air compared to
coarse air bubbles. Consequently, oxygen content is much increased in the treated liquid medium
310. Moreover, the low head-loss of diffuser grids 130 combined with bioreactor 200 leads to a high
efficacy for the microbial population to the liquid medium being treated.

15

As shown in FIG. 3, microbial population 360 is dispersed from bioreactor 200 and move
vertically away from the bioreactor 200 towards diffuser grids 130. Air bubbles 350 released not only
support the life of the microbes 360 but also help evenly dispense microbes 360 out to the liquid
medium for treatment 310. As best shown in FIG. 3, the combination of diffuser grids 130 and

20 bioreactor 200 and more importantly their relative orientation in floating bioreactor system 100 of the

present invention greatly enhances the efficiency and effectiveness in treating liquid medium 310.

It will be understood that biosolids and/or sludge handling requirements are eliminated in the
present invention. The biosolids are eaten up and consumed by the microbes, thus eliminating the
25 need for sludge and biosolids handling equipment, disposal, etc. In addition, having the microbes on
the surface of the water increases the efficiency of oxygen transfer in the floating bioreactor system

100.
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Class C- "NPI" pH, as received 6.41 7.26 6.5-9.0 d ass El ectrode Method
Tenperature, C 27.6 28.3 Mercury-Filled Thernoneter Chem cal Oxygen Denand
(COD), nowh 268Mm94B725. 68 PCT/US2011/058139

TEST RESULTS:

Test Laboratory: Robinsons Land Corporation; Analysis No.: WA-10-217
Model: BioCleaner™ 1200 m3 system [16 HP]

Test Date: Sample - October 18, 2010; Analysis - October 18-23, 2010

5 Sample Source: STP-Main Mall
Quantitative Water Analysis
Sample Identification Influent Effluent DENR Effluent Method of
(Lab. Sample Nos.) (S10-WA- (S10-WA-506) Standard for Analysis
506) Inland Water
Class C - “NPI”
pH, as received 6.41 7.26 6.5-9.0 Glass Electrode
Method
10 Temperature, °C 27.6 28.3 Mercury-Filled
Thermometer
Chemical Oxygen 780.49 25.68 100 maximum Dichromate
Demand (COD), Reflux Method
mg/L
Biochemical Oxygen | 721.26 <1 50 maximum Azide
15 Demand (5-days Modification
BOD), mg/L (Dilution
Technique)
Settleable Solids, n/a 0.1 0.5 maximum Volumetric
ml/L (Imhoff Cone)
Method
Dissolved Oxygen, n/a 6.58 Azide
20 mg/L Modification
(Winkler Method)

15



100 maxi mum Di chromat e Refl ux Met hod Bi ochem cal Oxygen Demand (5-days
BOD), ng/L 721.26 <1 50 nmaxi mum Azi de Modification (D lution Techni que)
Sett| eablw0S012/¥$787m /L n/a 0.1 0.5 nmaxi num Vol unetri c @Cwuské11088189 Met hod
Di ssol ved Oxygen, ng/L n/a

Total Coliform, n/a <2 <10,000 Multiple Tube
MPN/100ml maximum Fermentation
Technique

As shown in the above Test Result, which the experiment and analysis was carried out by an

5 independent laboratory, after treatment by one of the models of floating bioreactor system 100 of the
present invention, the overall quality of waste water improved significantly. Most notable results
included the BOD reduction from over 700mg/L in the influent sample to a mere <1 mg/L in the
effluent sample. The value of Total Coliform [E. coli] was also reduced to <2 MPN/100ml. Both

values are way lower than the DENR Effluent Standard for Inland Water Class C - “NPI, making the

10 effluent sample Class AA water, better or equivalent to drinking water quality in those respects. The
waste water was treated only by floating bioreactor system 100 of the present invention with no

chlorination, no filters, no sludge handling and no chemicals, pre or post treatment.

FIG. 4A is a representative view showing one method of adaption of an alternative

15 embodiment, viz. aquarium bioreactor and aerator system 400. As shown in FIG. 4A, floating
bioreactor system 100 of the present invention can be adapted to be used in an aquarium. In one
embodiment, aquarium bioreactor and aerator system 400 consists of air pump 414, air hose 413 and
bioreactor and aerator combo 401. In one embodiment, air pump is a low wattage pump,
approximately 2-3 watts, supplying air to in situ bioreactor and aerator combo 401 via air hose 413.

20 In one embodiment, bioreactor and aerator combo 401 is completely submerged in the water 412.
Preferably, approximately 150 grams by weight of bioreactor and aerator combo 401 should be used
for an aquarium of 81 to 160 liters by volume. For smaller tanks with volume below 80 liters,

100grams by weight of bioreactor and aerator combo 401 should be used.

25 To sufficiently aerate a 100 gallon tank, air pump 414 should be around 5 watts of power or

approximately 0.07 watts of power per gallon of water. In one embodiment, regularly clean filter and
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6.58 Azide Modification (Wnkler Method) WO 2012/091787PCT/ US2011/ 058139
Total Coliform MPN 100nl n/a <2 10, 000 maxi num Mul ti pl e Tube Fernentation
Techni quewoAs12¢leo%n i n t he above Test Result, which thePexpseémmwsti3and
anal ysis was carried out by an 5i ndependent |aboratory, after treatnent by
one of the nodels of floating_ bioreactor system 100 of the present,

i nvent i BHIMEHE |0 &E A0k 'QRI&Y 90t {prpine @?@%ﬁ@ﬁyqt%ﬁ%@ﬂkg?e@h@w@aﬁlﬁm. Mbst
not abl e results included the BOD reduction fromover 700mg/L in the

i nf | uerttithskgephos flter 409nere <1 my/L in the effluent sanple. The val ue of
Total Coliform[E. cold] was al so reduced to <2 MPN 100ml. Both val ues are
way | ower than the DENR Effluent Standard for Inland Water Class C - "NPI,
maki ng the 10effluent sanple C ass AA water, better or equivalent to

dri nki ng watée adupatagesyolnging dygeumn bigpsagiorsand Tretor system 400 include no odor, no

5 sedimentation, controlled water pH value, various set microbes for controlling nitrogen cycle, water
and energy conservation, fishes that are more resistant to diseases, no need for mechanical filter and

no chemicals needed.

FIG. 4B is a representative side view of bioreactor and aerator combo 401 of aquarium
10 bioreactor and acrator system 400. FIG. 4C is a representative side partially exposed view of
bioreactor and aerator combo 401 of aquarium bioreactor and aerator system 400. The main purpose
of bioreactor and aerator combo 401 is to both generate tiny air bubbles for aeration and disperse
microbes to clean up waste in aquariums. As shown in FIG. 4B, the exterior of bioreactor and aerator
combo 401 is made of perforated stainless steel plate wherein numerous holes 420 are present. In one
15 embodiment, bioreactor and aerator combo 401 is cylindrical in shape with approximate dimensions
in the range of four inches by two and a half inches in diameter. As best shown in FIG. 4C, air
generated from air pump 414 enters bioreactor and aerator combo 401 via hose 413 subsequently
rubber hose 408 inside bioreactor and aerator combo 401. Air will then reach air diffuser 407 and
tiny air bubbles 415 are generated. Air bubbles 415 will then reach surrounding microbial media 406
20 where appropriate types and amount of microbial is contained. Air bubbles 415 will provide oxygen
and nutrients for the microbial population to thrive and also disperse them out of bioreactor and
acrator combo 401 via holes 420. The microbes produced by bioreactor and aerator combo 401 will
feed on the fish waste and other contaminant in the aquarium making the water 412 clearer and
odorless.
25
FIG. 5A is a representative view showing one method of adaption of an alternative

embodiment, viz. home septic bioreactor and aerator system 500. Home septic bioreactor and aerator
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waste water was treated only by floating bioreactor system 100 of the
present invention with no chlorination, no filters, no sludge handling and
no chem caiD2W1209¢780r post treatnent. FIG 4A is a reprePEmUsinossBewW

showi ng one net hod of adaption of an alternative 15enbodi nent, viz,
aquarium bi oreactor and aerator system 400. As shown in F| G 4A, f|oating
bi or eact ™ §9/‘§1?r8}‘f8ﬁ5@6n%1?°dtaﬁg WPELSHPT SORVBRES B U AHCBRIZ e HGHE used in
an aquarium |n one enbodi ment, aquarium bi oreactor and aerator system 400
consi stt&kaH2ahyshpvipdn HP45A djome Fepsie bipreactanndisrighos axstedt SMsansitT @taralbdtbo

401. In one enbodinent, air punp is a |ow wattage punp, approximtely 2-3
wat t s, homgsenyicngit 8% air guinpangd airhopgs Sl bde pesrenzhedimgat a9rae scedhivut Wdis api a ai r
hose 413. 20l n one enbodi ment, bioreactor and aerator conbo 401 is

conpl etimmgrsslhretagedwhinh tlhesonets ey a Hig-2cactor. dfomreabitic, und Sk ©xnmmeatsal ip k50 gr ans
by wei ght of bioreactor and aerator conbo 401 should be used for an

aquar i umsefwagid 58@cchfletly tietis sdoyred of thevottoroaf sgmialtdn& 1512 arfkaingiS0hby ol une bel ow
80 liters, 100granms by wei ght of bioreactor and aerator conbo 401 shoul d be
used. 2Afctbarsdl kg dAbhyenat@dteat, Aorh®&pdalidiod0tiaso attatHed pudipled 31 Shoul d be
around 5 watts of power or approximately 0.07 watts of power per gallon of
wat er. stppodeh@ITRVHARENE04 MU ArdidpubipeRbatdd dobeys thaftgtié gk srener wal | of the
tank to prevent formng of biofilms. The system 400 works best in
conjunction with a carbon filter 409. The advantages of using aquarium

bi oreactor and aerator system 400 include no odor, no 5 sedinentation,

control l ed vwagesp RE MM HRatiLAd IS o?“%m@%éiafi@@ﬁﬁsﬁl%rf hGROLD AL bibRGctf dafi 09N

cycle, water and energy conservation, fishes that are nore resistant to
di§eas &89 NELSho! PG, SEENARNERlild SR paARly BHCRERLCH BRegHEdni: 541Gy 4B 1
a represent ative side view o i'Oreact of and aerator conbo of aquarium
10bi or %%[e%g tl%‘ %r%@t’b?‘ ;[mr rsao%tses ern4 'AtllloG'hﬁoCmisSe t?‘c lll’nr%gﬂ?sengealt iar\ll enu%bgre
partial 'y exposed view o | Of eact of ‘and-aer at of conbo 401 of guarium

bi oreact.qr..and aerator system 4Q0. The nmi urpose of bioreactor and

per ot o ARt s Tefte s TRt eAmar Bl Tyl mht 55 Shett B R g

di sperse m crobes to clean up waste in_aquari ums. . hown in FIG 4B, the
ext or | GPBROHRSNEANbHE S A2 SIOIGR TG B P & W&?ﬁl 1S afap 505 it gy

stai nl ess steel plate wherein nunerous holes 420 are present. I n one
15enbodiUHEs injst g?%@@@% thg Reftoapengroytlet Qg %8 negréhecigp Fﬁ%mfiﬂaﬁaﬂtruptﬁreswape with
aﬁgroxi mat e di mensions in the range of four inches by two and a half inches
i b di arfdt epbodagerpaditenidigmeisepticiugt SAkcyia iy hosg SAepngh diduser inss 219 Apelipyndn 4
enters bioreactor and aerator conbo 401 via hose 413 subsequentl|y rubber
hose 408Gi ¥sihdwme bipoe ericdlmigmebiabeediz H17 i srbwe dotistoraprd mpduce thaancrplssclh ai r
di ffuser 407 and tiny air bubbles 415 are generated. Air bubbles 415 w |

t hen r eae hmb(nﬂimcm,rmﬂifﬁg;emm’triﬂb iisglaciee ali the H@®m of home septic unit 501, which is

powered by air pump. Diffuser unit 508 generates tiny air bubbles that provide oxygen and nutrients
to microbial that is contained in microbial media 507 and simultaneously creates vacuum that sucks
20 in waste water 530 from inlet holes 503 at the bottom. Waste water 530 travels upward inside home
septic unit 501 and is then released at the top via outlet opening 520. During the journey upward,
waste water makes contact with the microbial media 507 in the process and carries with it microbial

when it is released back to open water.

25 By continuous adding a desired microbial population directly into waste water 530 to be
treated, the present invention 500 allows for demand growth and microbial acclimation based on the

waste content within the said environment. The microbial agents generated by the present invention
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20where appropriate types and anmount of mcrobial is contained. Ar bubbles
415 w Il provide oxygen and nutrients for the mcrobial population to
thrive amdoabpatisgper se t hem out of bioreactor and aer &Coruscamiossd9l vi a
hol es 420. The m crobes produced by bioreactor and aerator comnmbo 401 will
feed on the fish wa te and ot her contam n in the ri um nmaki ng the

wat er B8 TRIREGH A COHOFPESuDPlyS Py esn B o] gu%@%%ﬁ@@% 4§38 YFlew showi ng
one nethod of adaption of an alternative enbodi nent, viz, hone septic

bi or eadbigiobiahegenie FayBYre SiFesixFy BU i asta WD an BvEPURRY 510 being t%?éﬁﬂét@ﬁ VO
2012/ 091787PCT/ US2011/ 058139 system 500 provi des a nethod and apparatus for
cont i nuresent ipventadnt Q0 wiresped fieplly snaksesithescatic tarleS13@bhpuses iaiole sSBRP sewige shown i n
FI G 5A, hone septic bioreactor and aerator system 500 consists essentially
of hondregepni anirdter B@E, thainrsitp omqyotagi dddifion rogdsl W hbme septio hewrantoodidnent |

home septic unit 501 is an imrersible container which al so serves as a

bi D- r eaetaor syskon# 03¢ gteipcesemiitvei@h shal makepraste dvaion S3thie abospisble disattaege 1580
conpletely and is secured at the bottom of septic tank 512 at footing 503
by mechani cal neans. In one enbodi nent, honme septic unit 501 is al so
attached to cables 510 for support at handl e brackets 504 and has an air
punp | ocat edi1@b@V & atrby@cssepiives/idvaghis wmtdne fkBod SBdhRiod of @pilesatitat i ve si de

vi ew of hone septic unit 501 of hone septic bioreactor and 10aerator system
500. FldmbolifachtSvia. dfpiy8Seid hatdr bRrétideandatiioaklsient00 OSI6doN isewegitsch@afie septi c
unit 501 of hone septic bioreactor and aerator system 500. Although hone

septi ¢ dRiviewohe®andic ke BYachiVRShicRfixd bl QE8NindweRAldr Giicat 600N/,onk N ONe
enbodi ment, hone septic unit 501 is a roughly cylindrical hollow container

hayi ng e%qbt)&)iﬁltehtr‘ fkro Qy%ramﬁ%n&gq}%}edcfbr %ﬂl(ﬁlera%@’syﬂmﬂ(ﬁ@ 2} h&at%ﬂ'd%wéeoajdaﬁ@@toa cap
505 on top, nunmerous inlet holes 502 at the bottom and outlet opening 520

near t rb% ugéglplré gqtldgorgflwfolﬂ emtsG MG a%%[k%s egld@l @Oﬂgsh%wﬂ(?rgi:? g]ﬁs aeﬂi iyn%ﬂ%c%&erhoma

septic unit Vi a alr ose 5 user hose hown 1 n FlG

5C, ho q‘?li)eﬁﬁglﬁg £hd 1n ac?a%gedna %rff%Q v@l(lgmgr%g |haul§ 917 d]?lﬁlu S()e %uc%c%ﬂa? tl%g(g} 1?0%& re and

pr oduce Ccro n one e ment, rouni S pl aced at

t he bott om of hone s 01, mh
e P R e A pl%eo%.ﬁ S bedhoRt P ¢
507 and .sinult

m crobi al that ontained in mcr ne
Cr oat esye%&‘ﬂfﬁ?*?f?ﬁ%‘f Vgl wpnlyevésaf@’ Pt e gt Parde st BTBEIY | ne
b% t Omthe sur ace t ee (I;f t gglrgsra%\s/oer‘é)ed into rvgatelrnéllnc ecarllges the water to become less dense

ai.r D f fuser

and rise towards the surface. The rising of the water causes circulation 608, which distributes the

acrated water and brings additional water toward the device for aeration.

Water 609 is aerated in an airlift device by use of a diffuser. When the diffuser is submerged
20 in water 609, the movement of gas through the device causes bubbles to emerge from the pores and
into the water 609. In one embodiment, the aero dynamic mixer bioreactor and aerator system 600

uses a patented porous rubber houses as a diffuser.

The present invention 600 is comprised of a series of porous diffusers called Aerogrids™

25 arranged in a way that they are in a straight line. These aeration diffusers are positioned in fiberglass

frames that are supported by floaters 603.
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septic unit 501 and is then released at the top via outlet opening 520.
During the journey upward, waste water nakes contact wth the m crobi al
medi a 50wonotmimrocess and carries with it mcrobial wao@EUSze1tiossisel eased
back to open water. 25By continuous adding a desired m crobial population
directly into waste water 530 to be treated, the present |nvention 500

al l ows for d“e%mm%@%wFﬁGa% ahvE ST il st § R MBS S o e Bhast o
content within the said environment. The m crobi al agents generated by the
pr esentdiififgsnt pler 006 pEYiag B Pnericas dermrding an bsdenthalotis msdippi et aesgen
and/or nutrients by diffuser unit 508, such mcrobial agents can nore

ef f ect ithedayicaoPbingh¢hrewaydthas opgrings §0honle phihe top AhottsmO Apaja gperies68ds The
present invention 500 can specifically makes the septic tank 512 of houses
i nt o a asmbliced enagesida @daremice pdlanst belowehe suifpee; Thivevill nersé asi mauelr ©bvagdr
addition provided by hone septic bioreactor and 5aerator system 500 of the
pr&sent60b nyreng barvralvdlbly thrakerwasliod thvahelprSa0 itventdmadp tisabined oh. Sbbhargmat | evel
FIG 6A is a representative view showi ng one nmethod of adaption of an

al t er nahvevigore6B0adiapEI of dravzing aet060duAd raceulitgit ibh 0¢rg ot @rmaand. adoatior
system 600. FIG 6B is a representative side view of aero dynam c m xer of
aer o dynadvile detidahat RhrDESRCEN: tRNEbaBRIFREAE fiBWSInE Mchidd.to hivtipae 10enbodi nent,
aero dynam c m xer bioreactor and aerator system 600 is an aeration device
adapted to be used in outdoor environment such as | akes and ponds. As shown
in FIG 6A, aero dynamc mxer is basically a housing adapted to to fl oat

within the |Aigdhgh BBMHEHREORrSMERL bdh@ldelsRBd HaPhRehld el @RS 8bAYe
surface of the water/liquid nmedium 609. The airlift device has been known

f of MaYinYipRE #n glic%ﬁ&%r@)tf itlf%'pkééet@%@ﬁ§o%§. Tﬁlyreﬁ)ﬁ"@ﬂlié'ﬁﬂagrs@)io& t@%eﬁﬁsi _nt 0 the
water at a predeterm ned depth bel ow 15the surface. Sonme of this air is

absor begh i fHQords Ay We hilie 1o\l i‘ﬁﬁktxﬁﬁ{r&s&éoogi%n&%@{hmt I GRo@IRatl RS Raglgnse and

rise towards the Surface. The rising of the water causes circulation 608,

whi ch ddfe%géd \Qﬂ}oﬁtsdehﬂﬁr\}gtﬁ%?t&% gﬁ@%ﬁ& m&%@&m&m&%{ 1sonal g\y?tt&rclmmr d the

device for aeratio I's aerated 1n an airlift ce by use of a
diffusq%fdﬁﬁﬁﬁ the diffuser is subnmerged 20 in water 609, the novenent of
gas through the device causes bubbles to emerge fromthe pores and into the
wat er 609. In one enbodi nent, the aero dynam c m xer bioreactor and aerator
system 600 uses a patented porous rubber houses as a diffuser. The present

i ention 6q§§is ri.sed of,a.,series of rous diffusers call ed
AT ogr i dsTMILET PSR ainetse WL Cerpia] A BIZASIR uifd e irs BF e e

gg r ? ][ ::)g{l]eggllélfg %%%%ﬁon?; uendgrgt%!)é {))9 g]neeq)f Iorrgiirfa{’ybs {Hgiln ?hsesartft{) \aVIEE:?l t}'%ehp%ser(f}rir?vegtlij npOI‘ ted

belongs. Although any methods and materials similar or equivalent to those described can be used in
the practice or testing of the present invention, the preferred methods and materials are now
described. All publications and patent documents referenced in the present invention are incorporated

20 herein by reference.

While the principles of the invention have been made clear in illustrative embodiments, there
will be immediately obvious to those skilled in the art many modifications of structure, arrangement,
proportions, the elements, materials, and components used in the practice of the invention, and

25 otherwise, which are particularly adapted to specific environments and operative requirements
without departing from those principles. The appended claims are intended to cover and embrace any

and all such modifications, with the limits only of the true purview, spirit and scope of the invention.
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WO 2012/ 091787PCT/ US2011/ 058139 As best shown in FIG 6B, above the
surface are blowers 650 situated to give air to the diffusers. A skirt 606
varyi ng iwodnreaesisens, dependi ng on the depth of the nedcwmS2emaps3ar ound
the device 600 in such a way it has openings 607 only at the top and
bottom A SIT8, | opening 660 is also noticed on one side of the device 600
just bel ow t'f8"8urface. This will serve as a nouth to water 5 609 com ng
out created by the vacuun1mhen t he sald present invention 600 is turned on.
The present i nverft PYRPEOLAIES pesiopeRd @fcrw%aﬁf@r WECBOEURINRE AWYAE MU at i ng
it in a very potent manner. Also it is a nobile device that can easily

hoi st tlb® 2r459RNERETIREN B PIGHHBHEONBESHS on to anot her . Al t hough t he

inventions herein is to be understood that these are nereﬁirillustrative of
the 10pri ncidgied sepicPPappd staklc lopEnpfamaavise dsefide VHlPand p bk walthehdfdre, it
i s understood that nunerous nodifications may be nade to the illustrative

enbodi risheighia g hoysang femedyrthep Bavingeanljraliy ohuphent gspbers dttaghedwuts silepscki ng
fromthe scope and functions of the inventions as defined by the clains to
be f ol |t topl Buminedf shedwhsimeiarnt temping sféoat whdn it is ehimiceged imsebagewvamtdf i ¢ terns
used herein have the sane nmeaning as commonly understood by one of ordinary
ski || ivariewalessity; t o whi ch the present invention bel ongs. Although any

nmet hods and materials simlar or equivalent to those described can be used
i n the practaneeragen ubsystangluotherttaeingn bent atiaphed mieclomjcall handpitedgortegolimet hods
and materials are now described. Al publications and patent docunents

r ef er enbeltbuking trivee, priesemdtion gy é dévi@rx@anding ncoopaiyatceds B0 beirewiltiyndr ef er ence.
While the principles of the invention have been nmade clear in illustrative
endodi menthsd in theb®@towd Hal f olf exid howeia &bk, ythaodayition grid devidaGsehesddntpgriegh al N t he art
many nodifications of structure, arrangenent, proportions, the el enents,

mat er i gPlgalitRBHpEORPORENIifeshaaits b Pastpb@ndabladiail @Ethedmokdl @olymee i ticdsd an@nd

250t herwi se, which are particularly adapted to specific environnments and

oper at itN@mbglektic beiaeith 8§ nihdr ARint GRRMY bbkEng s RIPolyRRE parfdlbsn@l Ple@Sng aThe
appended claims are intended to cover and enbrace any and all such

nodi fi Gabde@ngily Wifohn b&}ssdyltm)ﬁg% tBhiYe VA1 albleg thé KKBatR YT Wk Bife, stiipbickitand scope
of the invention. | claim 1. A portable, floatlng aeration and

M cr obiRbyid 3G a Plurflis bEAkfoPbreCh:R #3ial gy S VRN NR b LIboul IR 13608 Lt GO6h
m crobial reactor system conprising:

15 inch along the length of said pipe for diffusion of gas therethrough and transfer to a medium, said
thermoset polymer particles having a mesh size of about 60 to about 140 mesh, a plurality of air
hoses connecting said blower to said aeration grid device;

a microbial reactor sub-system further having an air pump attached mechanically and sitting
on top of the housing frame, an elongated, tubular and externally perforated microbial reactor portion

20 extending essentially horizontally across the entire width of said housing frame and underneath said
acration grid device, the microbial reactor portion further comprises an inner aeration tube powered
by said air pump, an perforated outside tube further having a plurality of slots, microbial media
containing live bacteria imbedded within said slots, an air hose connecting said air pump to said
microbial reactor portion.

25

2. A portable, floating acration and microbial reactor system for cleaning sewage water,

the aeration and microbial reactor system comprising:
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arigid, sem -open and stable housing frane having two side walls and a
back wall to half of 5its height, the housing frane further having a

pl ural i t ywof20toymnt nmenbers attached on its sides suchPChatS2athe5816D
portion of the housing frame renmains afloat when it is subnerged in sewage

wat er of various density; an aeration sub-system further having a

bl over at t ac&H. AREFEAT Fapledivasiag FPHy B W%ﬁd%\wswad ﬁﬁ%%m& e palfel 2
flat aeratjion grid device extending horizontally across the entire width
and 10'&fachEqorsneHacditico Avig FPurlx 41 jronyli S1SRGeT péracd His skles S on
grid device further conprises a plurality of porous plastic pipes having a
gas perthé&isiheusizg franerrempiat pseehandl iy setmepger i epvase wHer o HETND ISR ¢ bi nder
in a mnor amount thereby bonding said polyner particles and creating a
subst ant i al |3 EEfiToVsEETBETHY hekng g §lewehdlaphed acglanjcaly BMgittingeon tehet h of
the pipe, said porosity provided by a plurality of mcropores having an
aver agehghapipg Epmefa fabepgation 200 gleWIWGPstetlfgn&W@meﬂmzpss_t@ie aethe #idshepdt he | engt h
of said pipe for diffusion of gas therethrough and transfer to a nedi um
sai d t lnghod st thpeitpmeraliivhpaid bdusing framp.niye araties brid dovece dirthabheoumprie® at o about
140 nmesh, a plurality of air hoses connecting said blower to said aeration
gri d dephirglgy of porous péastid, szid bérasitymeadded by s phraysefenrioperthisvingar byegegan ai r
punp attached nechanically and sitting on top of the housing frame, an

el ongatdeaetdr wbadoar 0.@(Hdnaxtd ebava .Y pehr dlargabedngth of @il mpe foedttoon @ars i on
20extendi ng essentially horizontally across the entire wdth of said

housi nghdretarvegland tunderto e atctivsmair pluabtyat§ hohogs tahnetemz e8d blblver thrs@id adyatain
reactor portion further conprises an inner aeration tube powered by said
ailo purmid davicger f or at ed outsi de tube further having a plurality of slots,
m crobial media containing live bacteria inbedded within said slots, an air
hose connectadmigrosal @adddsupysent Rrtbaihavifig &1 Dbpvalp dteaet akecHanichllyand siting

2. A portable, floating aeration and mcrobial reactor systemfor cleaning
sewage gNabesf,thd NiRsiaefrahd, QR cldfghtddl GHAR Al ckie@eHyOferBiSddein ©BRPEAEdr Pgition WO
2012/ 091787PCT/ US2011/ 058139 arigid, sem -open and stabl e housing
frame hawhdge taentaildioritahhisy RAMs @e BRGK wivith bf bR Hodide ©fmd 4n8 uh@i@hth.saitihe

housi ng frane further having a plurality of buoyant nmenbers attached on its

si des sy@hod Bt dbvlRe thoMREdBeh fh@b®y ot @ImBLMRr 8ShRRlngWH 8fhed derdtiSn SBPPBLGEH 1N
sewage water of various density; an aeration sub-systemfurther having a

bl ower t@tsﬁiﬁ%ﬂ%gmﬂ}’a%@@ff&ﬁéh bittsiBORbS hilthbMEviaR a bRAIS ofARE miPsbII RGdfar ame,  a
flat aefration grid device extending horizontally ‘across the entire width
and containing live bacteria imbedded within said slots, an air hose connecting said air pump to said

microbial reactor portion.

3. A portable, floating acration and microbial reactor system for decontaminating water,
20 the aeration and microbial reactor system comprising:
a rigid frame having an upper portion and a lower portion;
a plurality of buoyant members attached to the upper portion of the rigid frame such that the
reactor system remains afloat when submerged in contaminated water;
an aeration sub-system coupled to the rigid frame, the aeration system comprising a blower
25 attached mechanically to and sitting on the upper portion of the rigid frame, a flat horizontally-
oriented aeration grid coupled to the rigid frame intermediate the upper portion and the lower portion

thereof, the aeration grid further comprising microporous tubing having a plurality of micropores
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attached in the bottomhalf of said housing frane, the aeration grid device
further conprises a plurality of porous plastic, said porosity provided by
a plural iwg20f2/a91870por es havi ng an average di anet er of palbasko10/08€139 i nch to
about 0.004 inch along the length of said pipe for diffusion of gas

t her et hrqugh and transfer to a ium a plurality of aifr hoses_connecting
said bl R lﬂn%%rba&“ieslhabfbgﬂreﬁ%d TP about 0.004 the lon b PR PLSAEE or
sub-system further having an air punp attached nechanically and sitting on
top of MIREPPELKFRES foF dHRSion A @b JisEritraeh apd s B HRE R ESrA 38 f or at ed

m crobial reactor portion extending essentially horizontally across the

ent i r e SAHEH FTEFT QFIPHSIAS 8 BIVFG L ¢ A Oten QOIRTIRE s NV 4 1§e asstionizsift 4eli d

device, the mcrobial reactor portion further conprising an inner aeration
t ube power ed MigWbiglreagprFumpysteIUIRYINg 4R 2% By Msthepicdlytcoirled todlisarpeior iR
having a plurality of slots, mcrobial nmedia containing |ive bacteria

i fhedded theirtgh fanae the nyigrebigl reagipr gilr-syeBduElpn perenrisiy a8 glodgaidds tupuaiando sai d

m crobial reactor portion. 3.A portable, floating aeration and m crobi al

r eact orextpystle perfasrtedintsntiah reagiat porigpneated to 218t Ihecraertwniodhe aigy framsraodi al
reactor systemconprising: a rigid franme having an upper portion and a

| ower potehdiopgssentially haizptaityadni iydeofeathuioymritiomand ¢resmiatobattsedortportione  upper
portion of the rigid frame such that the reactor systemrenains afl oat when
subner gethpiisinconh@mradratii@dulwatopered ap theairgptinpm subragyistsinh cdaphedz 4 0 t he
rigid frame, the aeration system conprising a bl ower 25attached

mec haniptahlity of Yotaerdemsligtthanghrong!t, the migpkinl rp@rdripomion furthbrecompgsidg ficastinl a f | at
hori zontal ly- oriented aeration grid coupled to the rigid frame

i h@ er mankdad @ntatién gUfyp Biict@arimbaldcdwihih ked klowethe patdhia feattoesudalsterh Rethaer at i on
grid further conprising mcroporous tubing having a plurality of m cropores
VO 201 Ha0i9d 48 KRCTHIS L M OHE L3 H twiHemiabbiamescdgpodioanet er bet ween about

0. 001 inch and about 0.004 inch along the Iength of said m croporous tubing
for diffusion of gas therethrough and transfer to a nedium the aeration
subsystem further conprising a plurality of air hoses connecting the bl ower
to the aerat4g on gmegbnﬁmj f18atifl GE@RInd hE@6Hi A reR bR syl MR BIiRehIddNindal  PUNMP
mechani cal ly coupled to the upper portion 50of the rigid franme, the

m cr obi gldobe@ehiRr sub-system further conprising an el ongated, tubular and
externally perforated m crobial reactor portion coupled to the | ower
pestion of the rigid frame and extending essentially horizontally and
underneath the aeration grid, the mcrobial reactor portion conprising an

in n_er aer at iSQ n t ulkh% leQM @lgatpi)é a&@@oﬁa&jnﬁ U0l rEacRE E)ts%'i‘r%f%ga_iﬂlﬂtir%!teﬁjl@d ﬁH\lﬂe
having a plurality of slots extending therethrough, the mcrobial reactor

portioqmﬁggg&ﬁﬁ_conprising m cr obi a

6. The portable, floating aeration and microbial reactor system of claim 3 installed in an

20 settling pond.

7. The portable, floating aeration and microbial reactor system of claim 3 installed in a

fish aquarium.

25 8. The portable, floating aeration and microbial reactor system of claim 3 installed from

a residential septic system.
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10nedi a containing live bacteria inbedded within said slots, the m crobial
reactor sub-system further having air hose connecting the air punp to the
m cr obi alwoeacti7sporti on. 4. The portable, floating aer aCirams2@andssmer obi al
reactor systemof claim3 installed in an outdoor stream 15 5. The

portable, floating aeratigon and m.crohial reactor systemof c¢laim3
installed i M an 6‘81?@816%5%%%%“% aeraﬂonanﬁ}nwrﬂl&alamoa@rs }mrf%fl?ﬁ@ aeration and

m crobi al reactor systemof claim3 ipnstalled in an 20settling pond.

7. The BEFPLIP &thpp BEIREMICARiXng SYFcahigr dreepteBinaing esetsicsyst em of ¢l aim 3
installed in a fish aquarium 258. The portable, floating aeration and

m crobial reactor systemof claim3 installed froma residential septic
system WD 2012/091787PCT/ US2011/ 058139 9. The portable, floating aeration
and ni dfobi al reactor systemof claim3 in conjunction with an aerodynanic
niging system for decontam nating waste water. ///
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