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TREATMENT OF HYDROCARBON- CONTAM NATED AQUEQUS
SOLUTIONS Technical Field 5 The present invention
generally relates to the treatnent of aqueous
sol utions, such as wastewater, contamnated with

hy dreearseRe: @U@M@cﬁﬁhbﬁl—@bmrﬁm&ﬂ@m Eéﬁh@ﬁ@ UQQL&@IONS

Aqueous sol utions, such as water, are comonly used

in various chenical processi ng |ndustr|es such as the
petrol eumindustry. Inevitably in these chewica
processing industries, the water becones contam nated

with hydrocarbon contairathgieanpesada. For exanpl e,
process_ 15 water is used in the petrochenical industry
for variféus P& cat 1ovRNELeh agegeratayi ngedpsam to the

chesmaniess < aguchas ossebvothuin WSS M fissater,

oper at1 ons. OMesS con
ardnsehénapedr echeémhydlroceabbpasndsushchsapephenelim sludge.
benzene, tol uene, ethyl benzene, 20 xyl ene, ketones,

cycl ohexanes, al cohols and related petrochem ca
derivatives. This wastewatgci@idurte treated to

renmove the oil contami nants prior to discharge of the

wast ewAdgeors crdert itansoonpiyhwiatsh verhar,onaeat alommonly used

rggul@ég{gugeqﬁka QEHFS eéée ¥§nt|qgal Proces%es}fogs the

treati ng such con anm na et ?yp cal |
reqoirpéean i nindwdtphysi cal Insepasalyon ist eptheyeh asemical
chem cal Brecl pitation, sedinentation and dissol ved

aPFOFPEPARPoREBREF 1oFo B0V Loy diesCaHsorFontaninated with
CApHARLR2RLA ﬂ&%@ﬁfﬁiM@SE%W§B%BdSSUChﬁg}SSQQ&E?%gnprocess

systems require significant rnputs of energy
reatifrs im hbgH tireathenpetosichemnBicallogimdbstreatfoentvarious

diatjon" h sed f t
B BR8P BOR € ort S nAcect VRET BUAT off CBFbl og1 £l ho vessels

taﬁdtm@ﬂanablvéﬁﬂﬂﬁﬁiﬁﬁkldu§XQbH$|%@ékéﬂﬂ&ﬁﬁlCa@he water
treatnment process or a hybrid

becomes contaminated with o©il and other petrochemical
compounds such as phenol, benzene, toluene, ethylbenzene,
®ylene, ketones, cyclohexanes, alcohols and related
petrochemical derivatives. This wastewater must be
treated to remove the oil contaminants prior to discharge
of the wastewater in order to comply with environmental
regulatory requirements.

Conventional processes for treating such contaminated
wastewater typically require an initial physical
separation step, such as chemical  precipitation,
sedimentation and dissolved air flotation (DAF), to remove
hydrocarbon contaminants from the wastewater. Such
separation systems require significant inputs of energy
which results in high treatment costs.

Biological treatment or “bioremediation” has also
been used for - treating hydrocarbon contaminated

wastewater. Bioleogical treatment may comprise an
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chem cal / bi ol ogi cal treatnent process. Many of the

excl usively biological processes rely primarily on the

use of enzymes and bacteria that occur naturally in

the 5 wastewater to biologically attack the

hdiaEARROR,  GonPIUNAS, DY PFeakhdg: t her,do '8%0 a hybrid

non-t oxi c constituents. However, due to the often

ey cadvibrigdmeritcaln whicehtiiease nprooesgani Sfeny of  the
| at.i_o st, not _anl survive but flourish in

ger eliru%tlgegi FrEQIVE lgn%%essi%s bfor &Rttt Tony on the use

prioc essgmdiav endeepaditkfdicul tha@ susiairn aBdurally in the

i npl ement. Furthernore, such biorenmedi ati on processes

&P ISahfitat e ®the §RoWORicrlgat hogéhia€kor ghhesmshiyfdrocarbon
Bt to t r th ire neficial - ;

%g%F%%ggghisﬁgs %§9%%ﬂ$$I mag%gﬁgterg?ggatn%ﬁ%Q non-toxic

procdgsdesnten t Hewstieer, dand;o hiave ofbgnohathe environment

envi ronnental and cost drawbacks of _chem cal

freaf bt ProcessBECT ot YRR HBY e PHBL Urii%omust not only

exevisievebyitbi el ogh¢ah and hykidd tHLalgE®NkrPEREES8ES known
require extended retention tines in the wastewater 20

Plezemedi atden i pyosessehe hadst ekgear dbfbkcult to sustain

ont tahl e .l evel for. discharge
SR IR, PR AR " Wil S BFocesses
fraiyl use irknewe aghe' shpekitg",chepashbjecied dogdhdbms in
| oadi ngs. There is a need to provide a process for the
?gﬁtllté rent© of t8Gued¥eC¥bl ut i%ns, tR&ch s ikest eviareticial
peoRL-abRyAG: AKdr ocarbons, that overcomes or at | east
anel i orates, one or nore of the di sadvantages

descr Fpbdidabtatewiime tseatmest trgrasdads aosi rglee other

BO0FeCRS By B bR PR B o cgpenacis or
vhehewal ert eaitingd i Ngrobyesesar DORSrtAcPHIFRNLY not only do
exclusively bioclogical and hybrid treatment processes
require extended retention times in the wastewater
treatment facility for the wastewater to be decontaminated
to an acceptable level for discharge, such systems are
also known to be susceptible to - failure, known as
“shocking”, when subjected to high loadings. _

There 1is a need to provide a process for the
treatment of aqueous solutions, such as wastewater
containing hydrocarbons, that overcomes or at least
ameliorates, one or more of the disadvantages described
above.

There 1is a need to provide a simple and cost-
effective yet efficient and environmentally friendly
process for treatment of wastewater containing

hydrocarbons.
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The present invention relates to a novel

bi or enedi ati on- process for treatnent of aqueous

sol utions containi ng hydrocarbons, such as wast ewat er
generated from 5 petrochem cal plants and

petrochem cal storage faci Ié,g,j,,g;r%Accordi ng to an

aspect, there is provided a process for treating an
aqueouthgol upireseotnt aiimvegrthydr ocardiomisss t heopr o@ess novel

c risin he step of exposing said aqueous solutiaon .
(BREBTATE i ConBr PSPAG doh dHots HEPof SFnacpgovs So1utions
f obhosi Agn& BYAP6EARbEAB; Baech! bYS SR+ eMa®kO@HTd from
Aci net obact er sp. m croorgani sns and Brevibacillus s

nPe ¥ bR leiRi b, P1anks t pedt Pehrocheel edht 3 ¢ age sﬁa@ifities .

oo kBT FBHEL DR LY 0o

ofofStsabdiegpasi ngnsi@ps t goletuce tbeatadnuny dfydaidhrbons,
h%/.l}gr ocarbons i n sai.d .aqueous sol ution. Accordi n%at 0
a

% hBF OSEaC ORI 1% provPHER £ netPetrder Said aqueous

fosMingo o bl NbeORPLLST NGt d Bagt ANe1Qbstt hgne of the
foll owi ng mcroorgani sne: Bacillus sp. m croorganisns,
200 Ned Wit b aditcaroopgandisgrssor gabesadlaad Brevirbagiddngenisms,

Sp,.. nmicr nisms, i.n a treat.nent zone, .said et
CORTSTRY Te. stbps BT TPV i MDA ofs 5P
suppesdr gabisdnat esihn a  tyeattiit Z0AGhe 25¢cbBraining  said
seeding said plurality of support substrates wth

SHPUHS | SRR ofIHHeE f AUBRAHG I Sbsitgatiisdsly aerobic
Bagidd UsoriP- 140 S5 08T 92BLSIEL +ACI R QRACLES 3P least part of

m croorgani snms and Brevi baci ||l us sp. mcroorgani sns;
(B)idrowkpgssapd attdreastooneresfudene tbél owimgint30 of  said

%c‘? oocr ni sms; Bacil|lus sp. m croorgani sns,
St Chactdr 5P Mt GBI i%o(r:ﬂé" ftl Br evi baci | | us
Sp. Mpd@aidial SH%  aBthaikd phpeatitytRErsUPPOT throvided a

substrates; and (d) aerating said treatnment zone

AR aforedormgng df bdaifd 1xecdimyyr stig (b dithdaj @ne of
%H%Mfghf%ﬁ%hécaicroorganisms: Bacillus sp. microorganisms,
Acinetobacter sp. microorganisms and Brevibacillus sp.
microorganisms, in a treatment zone, said method
comprising the steps of:

(a) providing a plurality of support substrates in a
treatment zone;

(b) seeding said plurality of support substrates
with said at least one of the following microorganisms:
Bacillus sp. microorganisms, Acinetobacter sp.
microorganisms and Brevibacillus sp. microorganisms;

(c) growing said at least one of the following
microorganisms: Bacillus sp. microorganisms, Acinetobacter
sp. microorganisms and Brevibacillus sp. Inicroorganisms,
on said plurality of support substrates; and

(d) aerating said treatment zone during at least one

of said seeding step (b) and said growing step (c¢).

3
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3 According to yet another aspect, there is provided a

kit for use in treating an aqueous sol ution containing

hydr ocar bons, the kit conprising: (i) a solution

containing at | east one of the 5 follow ng

”‘Proﬁb%%&bﬁﬁé:t@ﬂ??éﬂu§n§9heﬂ1Qéggﬁgankﬁg§e_'s rovided a

Aci net obacter "sp. m croorgani sns and BreV|bacﬁ]IJ% sp.

Kidr obpyanissnsincadpasteirgf Bor maqueaudi sbilmmion containing

% Rart %%gstr%%ezi nd reduc&ng,the amount of said
FOCAFBoRS i M Cs&itd 5QTB6dS 88F ution, and 10 (ii)

i nstruyati oas fenusaes NGosdiad nSWRPOEE suksigrat @sne WidH  the

said sol ution under conditions to formsaid biofilm

dRd lPUdtge THETAMTGRNISMSSai Bagididtear Bdhs iMiGEP@rganisms,

Lutign. 15 Lnit The.fo i Ng
e naisty A8 oi i SRaPFopaoHRe, pafid Car QP PRCLRIES ap.
midiroatrgdnifhe, t erapdlchenical faxiidat | an Wen@idi on support

" ' en sed in.connection wi.th an agueou ,
SOPAEFahesr and CorbiRg G oM ot At oYtk ons in
peeseRlukButhgcagueeds sahution. The oxidi zabl e

mat eri al nay be an organic or an inorganic conpound.

The CODBLpajnbEreetépnrtnédrbyepaiingusanst Fotpoknowbstirates
e art,. £0 e 1.ng Aney.i.can _Saciety for, _. e
i PR, P R R SN Y rhosads Bipfiln

dhd tredoret taat @ewiht afd sgriaMBidreda banisantrs said aqueous
t hereof, when used in connection with an aqueous

§BEHFFBH' cont ai ni ng hydrocarbons, refers to at |east
partial degradation of the hydrocarbon conpounds

contai ned therein. For exanple, the treatnent nay

i nvol ve 30 degradation of Dedimjddoesrbons so as to at

| east artially neutralize toxic conpo nﬂs contain
there?%g f8220W§ngWQ§ ¢h e%ﬁﬁm%oﬂg?go eﬁ?lpeggﬁiq have
paethabhynfoindi@xt&d: safer for transport, anmenable

for recovery, ) ) )

The term “chemical oxidation demand” or “COD”, when
used in connection with an aqueous solution, refers to the
total oxidizable material present in the aqueous solution.
The oxidizable material may be an organic or an inorganic
compound. The COD may be determined by wvarious methods
known in the art, for example using American Socciety for
Testing and Materials (ASTM) Test Method D 1252-67.

The term “treatment”, and grammatical variants

thereof, when used in connection with an aqueous solution

containing hydrocarbons, refers to at 1least partial

- degradation of - the hydrocarbon compounds contained

therein. For example, the treatment may dinvolve

degradation of the hydrocarbons so as to at least

_partially neutralize toxic compounds contained therein,

and render such aqueous solution at least partially non-
toxic, safer for transport, amenable for recovery,

amenable for storage, or amenable for disposal.

4
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amenabl e for storage, or anmenable for disposal. 4 The
term"toxic" refers to a substance or material which
i s capabl e of causing danage to the environment or

causi ng damage to |iving organisms, severe illness or,
in  extLeng Gases, 4 h D ste ' . ar ,
absor bed 5eby theosﬁ?ﬂ_r S Fe?%?"%e?%?%ggﬁg%% off material

grhhviat icalcammtilantsf t henedhy deebees t® the environment or
i ntroducti,on of an oxi dant, such as air or SO
Sogglsl

th .
oRY BRI S OHERRRPN G Cgas. v AT (19N HififoUSSVSEF UL ORSFS OF/ in

bextremaé edagesi Ntx4the HheAt MRRkszere WAKE Ted 10oWhitorbed
treat ment of said aqueous sol ution takes place. The

teynthei xetncul ture” refers to a culture conposition
compr i $h09, 80K SAThipaLLonof 21 GHEOL 030 SIB -5 LR thereot,
cul ture nmedium € contdi nat1 on nmy be bl nary or

teeféns yroortheontrad rodaryt irmbef of iokdidendyal sispeca€sair or
or 15 stﬁains, or contain cells of divergent species.

TRE"Sor AEShbs CENERA | POrdGedimst el@fudelnto the aqueous

"SOTRE 842l Yo ©<0.t18 LAUPOSH! EARWRHEN ¢ Seatment zone within
"substantially free" fromY nay be conpletely free

fyvlohely, txgdieenhecle ssar Y, aqurow reb Ystuibwt ardied |n'agmy
be omfted from 20.the definition of the inyention.
Unleséh%%ecﬁ?F%d ot Hér Wi seS™ E%r?ernﬁekggﬁprﬂ§1nga culture

ansng GONpIdrs € comphd sghanTa@iy Cabmbahbanbs tHEr eQkrodkGanisms
i ntended to represent "open" or "inclusive" |anguage
stieh@ tFattehey nadiute FBei temeleaielts B@y abPgo binary or

PEL R {520 bAClkUsian nof di, L | gunr.ec :
el errenefrsﬁf2 As uge hePeian@dttéﬁ]?g]?mo'fagoﬁ%“fle&najt hebecres or
coimtasixts ,ofor comderitir atd lds «of dionporemntt sfcitdwe

fornul ations t.ypical ly means +/ -, 5% aqf the stated

val ue,  Hore t'§pfcal Iy ukgta %%ﬁfﬁhe sPRE&Ed vale, exclude

Mot o WISl Veth 390 Qondddei3Q ot afygdcMalue, »siBL@antially
typically, +/-2%of the stated value, even nore
t{ﬁﬁ%all O - Y oomeAY t hee st avell g lie, Bndcevénrom Y. Where

necessary, the word “substantially” may be omitted from
the definitionrof the invention.

Unless specified otherwise, the terms "comprising”
and "comprise", and grammatical variants thereof, are
intended to represent "open” or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited élements.

As used herein, the term "about", in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typically +/- 3% of the
stated value, more typically, +/- 2% of the stated wvalue,
even more typically +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may

be disclosed in a range format. It should be understood

5
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nore typically +/- 0.5%of the stated val ue.
Throughout this disclosure, certain enbodi nents may
be disclosed in a range format. It should be
understood 5 that the description in range format is

nes ety {198 &9@&%@{1&@ am bf&é(é[;éy apgyspoul d nfaér@f}f for

construed as an inflexible [Tmtation on the scope o
t¢ﬂﬁvﬂﬁiﬂmﬁﬁnhndahgeSltPceodchQMﬁd g descrompioredfas an

dered to h i fically.
phat el aII W%F %@%?g:%ﬁr g% ?aﬁaéé deﬁe Higs disclosed

IMQ/&ﬂuaAc@@ﬂ@Im@Bﬂ/ vah@leae%kmpalohh@tf rANG&gd-O0should be
exanpl e, description of a range such as from1l to 6

Gt ared o TR dSPec haiea becilisehossd albcrbsepossible
syfsr sych ﬂf§w1%n&9vgdu%i°%h 49 éﬂz¥gfdé§n%1thln
to 5, ron12to from fto b, rom fo etc.’, as

\Mﬁatasahgdivmmnﬂexamﬁ&ﬁs dethihpt hah kﬁhgﬁ,rﬁﬁge such as

and 6. .This a regardl ess
FRE bTdadt nobPiLRe hangensi8eprey Burevsr spectiically

itd e ENBAYL PBRALSs Exerpl afy, £PBA- 11 MLIiNg from 1 to 4,
enbodi ments of a novel process for biorenediation of

dra@yuect’ 8el GEPon 2 sflﬂbrﬂfasfr%sieﬁat ér, feom & Minge etc.,
W geanbons WiLh; peahe digglosed. ihere Lo provided, o

a process Ing an aqueous
Gosatri i, NQL hyZly ogar bpns, thel @.0CESS COFETisd Negdh®less of

p . of ex 05|n sai d aqueous solution to a biofilm
éﬁ% g@ﬁ3%W@@ﬁ the fol |l owi ng

nlcroorganlsns. Baci |l us sp. m croorganisns,
Aci net obacter sp. microorgani sms and Brevi bacillus
Sp. m croor gdmseEgsure apﬂa)ntieataierﬂrmma ai ni ng

sai d ueo sol ution 1le. . provi stantjally
aer obi #@Filonsn?% HPﬁtl? eafﬂgﬁgg' dur?% novel
Ipm'sfesrsarﬂoxoﬁoﬁﬂ@h@maldﬂg ot & atcglécﬁs:gm@ow@l@fnoua&ch as
of said hydrocarbons in said agqueous solution. 30 In

a’ﬁét@mﬁ&@rrremonttaﬁ@laauéael§0§émpnénWﬂélwap@r be disclosed.
There is provided a process for treating an aqueous

solution containing hydrocarbons, the process comprising
the step of exposing said aqueous solution to a biofilm
comprising at least one of the following microorganisms:
Bacillus sp. microorganisms, Acinetobacter sp.
micreorganisms and Brevibacillus sp. microorganisms, in a
treatment 2zone containing said aqueous solution whilé
providing  substantially aercbic conditions in said
treatment zone during at least part of said exposing step
to reduce the amount of said hydrocarbons in said agueous
sclution.

In one embodiment, the agqueous solution is water.

For example, the water may be domestic or industrial

~wastewater containing hydrocarbon compounds.

The process may be performed in a treatment =zone.

The treatment zone may be located in at least one vessel.

6.
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For exanple, the water may be donmestic or industrial

wast ewat er cont ai ni ng hydrocarbon conpounds. The

process may be performed in a treatnment zone. The

treatnment zone may be located in at | east one vessel.

6 e I C \ havi ng_a .
sﬁg§t§ﬁ§§§$1y n%gr%iégs aseggﬁgé%a %hg% 3qﬁ%ﬁﬁ§?ntlally
withhenganasf dpaseordnd| lviald. cemdi t eonsppietihi withe means for
trea%ne&ﬁ.zone durjng the prqocess. 5 The neans for _
cOREFOPI T AETt HEPTHH IS cHAdPERonse mdyr e atHentdeza@ne during
Contrgkbeeskor controlling at |east one of aeration,

pH, tenperature and nutrient supply of said aqueous

sol uti 6hewirehng £aird conggoddnngz die. Piffides st lveondiglivms, may
0 essel end on the treatnent [pad, it, 10
t%%léggfi¥y %ancg:goens %O%rabofa%r 166’I]Itirtoﬁé§ntgo El ou{’eal?%)odme of

| aéresiokpr AN dnpdhe dreataint nhoademmy begp@bputof said
250 litres, about 320 litres, about 410 litres, about
SABUEPYEr SOLUHGM BNt sedd aberAtmE: | EPREs orWhile the

abotim@30f khkr €%5ska %ﬁh’qyﬁﬁgﬂ@tSfighé E?Ea@ﬁgngnload, it
construction of the vessel y 1 nclude galvanize
steelcakiai Masest delom  &dbbet gl@ss, lipolewvi byl about 1,000

| oride, .plastics, including Tefl he like. Th
HeBUS S5PG EOES o Theal ca%hRynbe 1ePandior (46 aBgat 250

fIpnasyesayoiad r 3a0d Lotregdycesbdid 0 gtie yessek, Visbsut 510
first inlet pipe, optionally controlled by a first
i htleresvapPeutTypiGal iireshe appirtoca? boAd tirgssush about 930

qﬁﬂgﬁg§ sol utions may include conbi nati ons of both
alTphatics (C5- C36) and aromatics (C9-C22) . Exanples
of hydtwCaabbas nfadend 225 | Aosuchs@gueousosstuticohsn of the

i ncl ude pentachl orophenols (PCPs); polychlorinated
BNy | SHPCECLYRR y ooy i GRrbore SPARSE  Steel,
St @S E@QQBDal%Q@yv@%ﬁhr?Qﬁﬁﬁ@ri@&?naﬁiggﬂ§cs, including
acenapht hyl ene, and pyr éne; pol ynucl ear
Teflon or the like.

The aqueous solution to be treated may be transported
from a reservoir and introduced into the vessel via a
first inlet pipe, optionally controlled by a first inlet
valve. Typically, the hydrocarbons in such aqueous
solutions may include combinations of both aliphatics {(Cs-—
Csg) and aromatics (Cg-Cpz). Examples of hydrocarbons found
in such aqueous solutions include pentachlorophenols
(PCPs); polychlorinated byphenyls (PCBs); polyaromatic
hydrocarbons (PAHs) such as naphthalene, anthracene,
acenapthene, acenaphthylene, and pyrene; polynuclear
aromatics {PNAs) ; 2,4,6~trinitrotoluene {TNT) ;
nitrocellulose (NC) ; benzene, toluene, ethylbenzene,
Xxylene (BTEX); olefins; paraffins; isoparaffins; and other
xenobiotics. The initial <COD of the aqueocus solution
typically ranges from about 3,000 ppm to about 30,000 ppm.
More typically, the initial COD ranges from about 4,000

7
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aromatics (PNAs); 2,4,6-trinitrotoluene (TNT); 30
nitrocel lulose (NC); benzene, toluene, ethyl benzene,
xyl ene (BTEX); olefins; paraffins; isoparaffins; and
ot her xenobiotics. The initial COD of the aqueous

SehUtdPNapb YR a3l lan o apeRs JHPMakeuty 3,00 RPM £9om  about
about 30,000 ppm More typically, theinitial COD

P ahges rbromabsboul, 000 000 ppemt o dhvouted&MODO ppm anditial

t ically, from about , 000 ppm to_abo 10, 000
S0 retBee B ind [ RELRATE 250 BB oeS Ty BE0aBkly  about
3,250 ppm) about 5,250 ppm, abewt 13,250 ppm, abuit 16,250
9,250 ppm about 13,250 ppm about 16,250 5 ppm
RpBut 2RBL2 588 pHPY FPBbREL2RYUD5H? ppA? PRlone

enbodiﬂeehg1@M%daﬁﬂélgisgﬁgt5%ﬂggﬁ% %%ﬂﬂ%?ﬁ? may be pre-
conditioned prior to being Introduced 1nto the ve%sel.
Fredtohon¢d opimgit ypbcabding nvioltuesimdjdistiment ofie pHessel.

f the ueous sql ut,i on,, for ex | e usj ng suitable
PP TGP FEPIAG o R SRt il LPEOSFoF ora prONDEeHy OF PH of
ThOM Aqeéotde sbietibn) of £Ri-Cr e@LARNESMEsaRd eRNgnENe pH
bi odegradati on of the hydrocarbons. Typical™ opti mal
bif fevel stpornprativiialy Leveli IEmrgriowneEimg wTavheht kE the
bout t 9, F X l, th .
SEPORLRORE pipct BBt Mhq PenfiBhe P48 BuBuct apsien of
ke 6hpdrabavbopsl. 7T9piaboutoiHma IS, pabdete s £8:0 pr@fmoting

apout. pH 8.5. Once introduced into the vessel, the
%’q‘?,r‘gjcrﬂg PR ot eyt BbER f FREer@RBIenPrBaYk REnadspabeut pH

4 hako pr oyhdese SPARE obPhn@XPIS Y, Obe L BEBLSHPRAN G .5, about
substrates. Preferably, the 20 headspace may conpri se

ribout 0 5% a1kt 6 1590 abpotuheptolal, wbbumepdf 7t.he about pH

sel .. re preferably, the headspace nmay conprise
%ﬁ%uf”?oygﬂﬁéﬁgﬁﬁﬁ1 % of the total volune of the

vesseancdbobit fsRiesabl vt o t BReh@agdspage taenpiuses sakitut ion
9% to about 11% of the total volune of the vessel
ef b5 dddiiited t herfedls sackeadsreeapihed apravigdes space

ADOUL (26 51 GPOUE 8 AbYHo A0 @O d0 aBQUEHLYK y, th
aboutx%zgglabout ortre atk eke Yr ©
headspace may comprise about 5% to about 15% of the total

volume of the vessel. More preferably, the headspace may
comprise about 7% to about 13% of the total volume of the
vessel, Most preferably, the headspace comprises about 9%
to about 11% of the total wvolume of the vessel. For
example, the headspace may comprise about 6%, about 7%,
about 8%, about 9%, about 10%, about 11%, about 12%, about
13%, about 14% or about 15% of the total wvolume of the
vessel.

After filtering through the headspace, the aqueous
solution may be permitted to filter onto the biofilm
growing on the plurality of support substrates provided
within said treatment zone for growing said biofilm.

The support substrates are typically positioned

approximately in the central regions of the vessel.

8 .
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13% about 14% or about 15% of the total volunme of the
vessel. After filtering through the headspace, the
aqueous 30 solution may be permtted to filter onto
the biofilm growing on the plurality of support

spbsté bty Providedip Mt Busat fatLgabpRpl-12@Ne At 158 to
grow ng said biofilm The support substrates are
typpetl 130 posift | dhed tapphoxivohtmey ¢ tthee corsgsdl. More

region the vessel . .8 Preferably, the suppornt o
RSBy corb¥T SLemsn 555 Ch et oG B8Rl Fue 25% o
tabaht volagre oaf the vessal. Wolemepreferaidy,vddiesl. Most
support substrates conprise about 25%to about 45% of
tPEC Ot L X0l GRE STURFRE By eB3RFLIARRT SOPPERERaIRPUE hd0% to
SUDROE t 4 §LIDSET S ri oa t ut %,.Qf

the tot I}é?ovcéaltfu%@oft%?% \@ﬁ%%aﬁﬁggg't ﬁég eXample,
suppostpsubist Fabesrahyscoapr ickealicaet 209t abodf 2bémt 25%,

about. 30% about 35% about 409% about 45% or about o
2091 e Tt Tohundourt { RAY(egtdt ‘385 The SBlGr 508 of
Sthstiad L5 Ry e sUHON eyl growth of  the .

m croorganisms to forma biofilm Suitable materials

for us&@assEprYPpoftibstbsterat ®reidsi sfuHnaftor ek i growth of
[ t.ligted tq,. ceramc, .plastic, .
cﬁ% meg%%%ﬁﬁsg{?%l F!ai gto‘i:@r fs?jajlof:ﬁplo yme?Bnggé%g materials
stapt olistee, a%5 si | suppotel syt rses | Adre, bdlofililfa, formation
zeolite, glass, titani_ym.oxide, zirconium oxide, .

GG sty ih; 4ES aRat Hemiftiade Eophecetpttt BUBEELGL eCLOth,

prigfar,abl ye hap) &1 gUr f aggsanea thatyns suffigienthypioiite,

| arge to provide nmaximum surface for supporting

forlietd,on babdgpant h ekrtihaétbi of idlmmiTiee 20zpatite) e glass,
e aof the sybport substrate.td%pi cal.l.y. depend

.i nium .oxT sy . Fide

CHE B | 5T ved”  For DRnpra tosn e tEePm 1 R end  the
tlhekepar tired es gbgErtrayuls anger & 1o pdeath 1 Y. Bagmut guaaut area
2 cm_ and where plastic spheres are used, the

Fart cte SrEElchayttandergpofcasiny islec mapimppusupface for
Glpporting formation and growth of the biofilm. The
particle size of the support substrate typically depends
on the material used. For example, where ceramic is used,
the particle size may range from about 0.5 cm to about 2
cm, and where plastic spheres are used, the particle size
may range from about 3 ¢m to about 6 cm.

A single type of support substrate or several
different types of support substrates may be used.
Preferably, several different types of substrates are used
to enable adjustment of the size of. the inter-particle
pores to prevent blockage during passage of the aqueous
solution. The different types of support substrates used
may be of the same particle size, or they mayr be of
different particle sizes. Preferably, the different types

of support substrates are of different particle sizes.

The volumes taken up by each of the different types of

9



10

15

20

25

30

25 A single type of support substrate or several
different types of support substrates may be used.
Preferably, several different types of substrates are
used to enable adjustnent of the size of the

| I srRar Lipke raPekesn %@V%ra%] Bl ockage duy i ng, -
pasp?gge of thergqueous go sol ut gn. The g'i:}? erenty vary o
tnAtdosof tisappderesdbstt ates uscdr-paythelef pdresanmequired.

rticle size, pr _th may. of  different. particle
E?’zres‘?xﬁ% er aBB?,r St %é’odi¥¥€f%%?n§ ytLJEEeSof"fs@%ﬂrates are
suest,r aftes Sdeied #i{fpeeaboparti:ale xR 1:Me about 1:8,
vol unes_taken up by each of the different types of 9
ST t 1 shbsBRsés” ka§r belstital 1: or takéylnmi:@ar;ahqmt 1:3,
@S 1t.hat, depend qnqthe inter-particle pores
required. ﬁbr exanpl'e,” where two different types of
sgbst IT?ES$)laII@b 11y rs,el gqf tsh@grcatﬁ ;ma?ni;ar;tteesa?hgtt}i%lﬁessel may
out 1:9, abaqu :8,. 5 about. 1: 7, about 1.6, abou ,
5, Sgk%jﬁtq 1:W4Etthaboﬁftlcg: P ARART 1:2%r Abouthq: ’%Ollowmg
e rRloahlikhsef FHPonls DSt At fSokdak NenyeSALE nBBYbacter
be seeded with said at |east one of the follow ng _
FPer 0Bt GErPBhanliBagi Angs Bpevidesbdiganisps, microorganisms,

L net ter. 10 .sp. .m.cr.oqrgani s and Brevibacill us
g e e e e
suppertt 1substrates to form a biofilm The Bacillus

sp. m croor%ani snms, Aci netobacter sp. m croorgani sns
and BFE§i bASFE{ 485 spP i ELGEOgENesHS \Feef ACingEOPACERE SP-

REBEESSaNE shBOSG fﬁteﬁlfacq%gfy & 0f ﬂf&f@ﬁg{%gspms useful

hydr ocarbon conpounds. Prefera , ‘the Bac
Ancridor gpmcsrss Acismetbbaet ethap. arecrompgahe soE adelgrading

revibacillus sp. mcroorgani sns e capable of .

EX ﬁPﬁarbBPofi‘? OGS m ?FS%Féﬁﬁﬁé’ws n%e be RGddEs) oP-
andr30rganiehed frasiibeopabesrs 9 .Ut AAckBoRBanisms and
treated. Other mcroorganisns that may be useful and

BREVERABAL LHEL RRls TdSE@OrgaPicRsaser cttikdle of forming
BBk ahkon ar%d%ﬂl M!éf%gkégﬁﬁsms may be 1isolated and

enriched from the aqueous solution to be treated. Other
microorganisms that may be useful and enrichment methods
used to increase microbial population are well within the
ordinary skills of those knowledgeable in the art.

Advantageously, mixed cultures of the Bacillus sp.
microorganisms, Acinetobacter sp. microorganisms  and
Brevibacillus sp. microorganisms are used in order to
obtain a broad spectrum of biodegradability. More
advantageously, the microorganism species may be tailored
for treatment of different compositions of aqueous
solutions.

In one embodiment, the process comprises the step of
adding a solution comprising at least one of the following
microorganisms: Bacillus sp. microorganisms, Acinetobacter

sp. microorganisms and Brevibacillus sp. microorganisms.
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ordinary skills of those know edgeable in the art.

Advant ageously, m xed cultures of the Bacillus sp. 25

m croor gani sms, Aci netobacter sp. mcroorgani sns and

Brevi bacillus sp. mcroorgani sns are used in order to
obhai g a pé?@ﬁré@ecéﬁﬁﬁafme@%Odegaﬁﬁabﬁa&ffﬁugﬁw§b may be
advantageous y, the m croorgani smspecies nay be

t aglecedd foron r éhenentrowd chdrfsersﬁntng:orvﬁosmcnhs:mf lentus,

gueogz 30 sol utions. gp Oﬁ enbodi nt gﬁ% f

BE RIS B SREG YR SBIULIBR bt b1y diereus,

| Bast 10ne Ofsulthe ifiel,| omae 1 MLT 09pHAB) 8885, Baghhbl UBaciiius
m Cr oor ganl SNs, ACI net obact er Sp. m Ccroor ganl SNs

aEéCBﬁé%fﬁéfé#ﬂus% alerlod¥ gamreferrefy | gmpodiment,  the
d
se? ﬁé%gg?SEQP Egenﬁs §§igc§88'k&8ﬁ ?REaggllgs consisting of

cte rom-t group consrsting o I"entUs,
BacihktsbaeyaterhasmoBacidbss jndn |AsindBatiddtesr baumannii.

cereus I1us suybtilis, Bacillus sphaericus, and
SR VRhs 2BOr heroRFEORRFEY FROGHORRER « proferia ibatld lus sp.

eqrhodi-8Bnbact heus Asi-bet 9bacter sp. is selected from
the group consisting of Acinetobacter haenolyticus

and Aclfet@bactegbdsdmentni i thel nmyercansahesmpr ey r dibrm  a
eﬂngifﬁnt Hbe Br%ng?CI||US S%oq%uq; ?;gﬁgchéb§gyrganlsm

brevis. 10 In ibodi nent

f operbes bitidd mfo&nbﬂ oti | Blifya saputmhéy Oofhat enable the
m croorgani sm species that fornms _a sliny substance
tAEEremadtel ke R A Yanfrsifs IARhEP ahdsSadrecs-  The

téﬁﬁhﬁ%ﬁéécgf %B%mlﬁevgn&ﬁg%#q ffgn%HQtatHboﬁhcqbo§ganlsms

that the” m croorgani Sns be nore resistant to
thel 1 nkiebinteory eksdetaot ttwe theX|rnmﬂmpbmn¢seﬁmebhe of the

| uti rth
A St i St e e ol Tow ng

group TiseudoBsBnas Skay LI SiSfhér SPcomPEiBEODAHELr or more
sp., and 20 Alcallgenes_t £ In one enbodi nent, said
e

Uﬁ%ﬁ¥¢9ﬁqgﬁ&ﬁm%es selec from the following group
Pseudomonas sp., Listeria sp., Arthrobacter sp., and

Alcaligenes sp. In one embodiment, said biofilm comprises
one or more microorganisms selected from the following
group Pseudomonas aeruginosa, Pseudomonas stutzeri,
Listeria seeligeri, and Alcaligenes faecalis type I1.

The selected microorganisms may be combined with
other ingredients to form the microorganiém solution. The

microorganism content of said microorganism solution may

comprise about 30% (vol) to about 70% (vol)
microorganisms, about 40% (vol) to about 60% {vol)

microorganisms or about 45% (vol) to kabout 55% (vol)
microorganisms 1in a microorganism culture. The other
ingredients in  the microorganiém solution may comprise
additives and nutrients for the microorganisms that are
useful for promoting growth and stability of the

microorganisms and enhancing their attachment . to the

11
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15

one or nore mcroorgani sns selected fromthe foll ow ng
group Pseudonobnas aerugi nosa, Pseudonobnas stutzeri,
Listeria seeligeri, and Alcaligenes faecalis type II.

The sel ected m croorgani sns may be combined with 25

o ljeho - NOr QB SNt S 4O FafdBdle TEELRQHIAN $MeSOLYEi @Ay  and
The ~ microorgani smcontent of said m croorgani sm

sof Ut ¢oenemy of cdisr i seoddordB0261 vpkpcesesabouthg 0sslditives
(vol) . mcr,oorgani sns, .about 40% (vol o0 _about 60%
Y ) o BB g Y Vakte (GUFh e abbHebkgs and
(W JoBPy PR LI QN JaBuSHBrkN AsHREr @QY UpRLSPhELEt WifEfer) and
The other ingredients in the m croorgani smsolution .
ML gt s ek i vas aRErhbEfnent BOLpBorhates, sorbitan
M. Lr 0L 9anks . us ' ]

and stabilit g%ggﬁgggﬁicrog%égﬁﬁgﬁngﬂggg% aﬁggﬁg%pplcally
thetkudad achmentthe t mdcrbbrowppent sabdtutades tther ebyhance

enhancing the efficacy . and effjciency, of_ the

B ee0y it PER R ogBgs Eifie il v ey fpcFageonydrates
bi Al &g £l gLt by St Brih StEHe ASMOXYLENASEScABFe, and starch);
monooxygenases), buffers (such as phosphate buffer)

ST s HFRITaNtSPYESIEEh d$Ushr bigsanmapoiysér basesbitol and

rhitan. e I of .

PR EUbR Y RRCATAl ey S TREE S o gmpagym salts,
sotitd oactidsentancsudd cpabicalngl, owdn @ihd extract, peptone,
bi ode rﬁgéiion i ncl ude carpohydrates (such as . ,
éFH%%gb, ¥ {RﬁﬁﬁﬁﬁeﬁﬂépF%s%%c%u%?%%e?x%ﬁﬁc%%bic%?? jporganic
UMY FR{PONHOH! CES (BUER AP TBOM F Qe , SURIM  BAbsphate,

gl yCerol); nitrogen sources (such as urea, ammobnium

St siwmipie adiats orsatiute prbreids, gebsturexthheride and
R Egﬂgmlrﬁg§%h%!hydrolysates and rice bran extracts);

an |norgan|§‘ c&ﬁpounds (such as nmagnesi um sul f at e,

sodi um phgspRat e ckoRelas sl Bophesphatey $edibtise :
chloride, calciumchloride and amoniumnitrate). A

typi cal m croorgani smsolution may conprise: Relative

proportron Relative proportion

(%)

Microorganisms

Bacillus lentus A 5019 ST
Bacillus megaterium B 5013
Bacillus megaterium C 6019
Bacillus pumilus C 5011 ST
Bacillus cereus C 5014
Bacillus cereus C 603

Bacillus cereus C 6011
Bacillus cereus Z 508

Bacillus subtilis C 601/1
Bacillus subtilis C 601/2
Bacillus sphaericus C 605
Bacillus licheniformis 7 507 ST
Brevibacillus brevis Z 6030 PT

RN DN DN NN DD NDNNN
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(%9 Mcroorganisnms Bacillus I entus A 5019 ST 2

Baci |l us negateriumB 5013 2 Bacillus negateriumC
6019 2 Bacillus pumilus C 5011 ST 2 Bacillus cereus
C 5014 2 Bacillus cereus C 603 2 Bacillus cereus C

6} | dCTTTUS SUDUTTT SAC
e%ﬁ%ma%i%iéfﬁé&%‘g#ﬁfsé%5601/ 2 2 Bdcillus 2
sl onpersa £ 05 22r BaEid0Us 3T chenifornis Z 507 ST 2
evi baci | | us. br evij SBé(g]gﬁo PT 2 12 Pseudonpnas
ot & K BHF 2 ononas stutzerdi B 5012 S¥ 2
Lbsd@lidmorieel dgerie B F o pPseudononag stutzeri B
509 PT 2 Pseudonpnas stutzeri B 6013 2| Aci netobacter

HaerrsIameas Swoen B et obact er baumannii Z 6021 4

' i ; : Al cal i f lis
(O IR I B, 2o S 80
Atidirta twese Rtvas et rouf f e 1M 1 Nut i ents Yeast

extract 15.7 odiumch|loride 15.7 dugose 15.7 1In
Sife- EHRA ThATR PaiiaR i Lrodtbahi sm sol ufi on may be?

Alcaligenes faecalis type II %4 6020 ST 2
Arthrobacter sp. C 505 PT 2
Additives

Phosphate buffer (1 M) 1
Nutrients

Yeast extract 15.7
Sodium chloride 15.7
Glucose 15.7

In one embodiment, said microorganism solution may be
provided in a kit together with instructions for seeding
said support substrates with said microorganism solution
under conditions to form said biofilm and reduce the
amount of said hydrocarbons in the aqueous solution to be
treated. The kit may optionally comprise one or more pH
buffers that are capable of maintaining the pH of said
aqueous solution within a range of about pH 5 to about pH
9 to enhance formation of said biofilm as described above.
For example, the pH may be maintained at about pH 5.5,
about pH 6.0, about pH 6.5,'about pH 7.0, about pH 7.5,
about pH 8.0, or about pH 8.5. Examples of suitable pH
buffers include, but are not limited to, sodium carbonate,
potassium carbonaté, sodium bicarbonate, potassium
bicarbonate, sodium or potassium diacetate, sodium or
potassium phosphate, sodium or potassium hydrogen

phosphate, sodium or -~potassium dihydrogen phosphate,
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provided in a kit together with instructions for.
seeding said support substrates with said

m croorgani smsolution 5 under conditions to form
said biofilmand reduce the anount of said

mﬂHﬁﬁﬁrQQ%%ﬁéWtrB%&ﬁ&WOQﬁ'S@dﬂddﬂ&ﬁOcﬁ%céﬂﬁﬁgedsulfamlc
The kit may optlonally conpri se one or nore pH

R Hbr @I‘tdwéth%rlel}tfapabl e of maintaining the pH of sal d
aqueo oI [ n a.r e of .about t
oh 10 5% oPhkaneEeharla TR oroRaitd obbrPrhraty WEBE coon

dﬁ’ﬁ:[é’:n‘ bedfr abgyeatibar u@t&[[mjalsﬂ heepblraa)apkgﬂlcatlon to the
mai nt ai ned at about pH 5.5, about pH 6.0, about pH
WP A outs W trat e sabdit ﬁltle7 yessgdout pF[IhQ omigroorganism

aboule iR Buay Exanple ?;I_Héds taplllg S}é‘ss@iﬁ S a pe%lod of

i ncl ude, but are not |n1te ium car onate
mhqnﬁniﬁnmxm@baatEQ ebdhun8@|mmﬂunﬁﬂexopeeadssamﬁ support
ssium di acetate, so

b t ;
B S A A 308 T L BES R B ROIRRTOR may be

prasahaie, 115 08hd Mvis sRAt assk UAbELAY drogemRasPhay eminutes,
13 sodi um borate, sodi um or amoni um di acet at e,

@‘Hofuém eo déjr@lt%ﬁd {@ROUY k&0 THENWEeFporafarilem70 minutes,
# |%% Q&bl d ep%5p9?5u¥%ﬂper refrigeration
unt|

ust e ore application 5 support
substmmkes ithet haupessel . sﬁbetmaceeorgaE|seeedbdtl@mth the

may be retained in the vessel for_a r|od of . abo
3 SHOREEES S8 a%%ﬁ‘f E507 i eSS aid ?&E‘powe vessel

%H@ﬁﬁ&§t§§ntPB§i§&a®dﬂ ﬁ&ﬁhﬁ%f&&oégéﬂ'%m&%ﬂ&%éOBoHBthons
be” retained in the vessel for about 35 m nutes, 40

Rngut @ int@igesut &ﬂ)rﬁnun@gtmmwmutr@@unrﬁ@tegqrabeuhaHClng
tes, ut__ 8 tes e about 85 ninutes.
é%c@ lia?[ row%% stbrlang leo&l'ed -?hC?ﬂ%lélonS to be

he S pport 51

Moti@erganiisaiaaalt i pot the Qﬁﬂﬁl LianSeW tthi,n ddeation, pH,
vessel may be controlled and nonitored such that the
CERBPEROHE S5 AR maPHEARRBE atSHRPBPt i num Fwdui r egnditions

f%%gleehqg}c'deeen@ %gtun% L gnd, PipPegs8AgLh PBns in the

condi'tions to
microorganism solution.

The agueous solution may  be aerated, either
continuously or periodically, with air during the process.
Advantageously, the air promotes formation and maintenance
of the biofilm. In one embodiment, the air may be
injected into the aqueocus solution by an air pump via a
pipe which may be controlled by a valve. The source of the
air may be air compressors.

A suitable temperature within the vessel typically
ranges from about 25°C to about 40°C, about 20°C to about
30°C, from about 30°C to about 40°C or from about 35°C to

about 40°C; while a suitable pH typically ranges from about
5 to about 9, from about 6 to about 8 or from about 6.5 to
about 7.5. The pH may be adjusted by addition of an
appropriate pH buffer(s), as described above, to maintain
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noni tored include, but are not limted to, aeration,
pH, tenperature, and nutrient supply. Such conditions
typi cally depend on the selection of microorganisnms in
the 20 m croorgani smsol ution. The aqueous sol ution

¥ BA agrat 0 Y i adi cal ,
\?\Aﬁt hBal r dur ?%Sl?ﬁ?gagg%sgd %%gntf%%%@%rﬁ% ]%a(%/rrmatlOlrl
pndnogeswitdr natfi ontlend o fit Bnaneed ofthehleblyi ofdrlbmnden the

ne e di ment, the a be_25 injected into the
gaaﬁaabg 8Pu?% ﬁhﬁyhgﬂrgF?xﬁﬁﬁﬁ via a pipe which nay

be comhr ehlkedrbBmeditye. tndhe, SOtk £€ @meb@se@'%h@a%tep of
be air conpressors. A Suitabl e tenperature within t

desiag t%@cdﬁplcyfllcranget@fw@ncp@bou ezsmu@oabomoh@@on is

FoRss e s o el st A et "o PR asousry,

phbtﬁps&ablxmkamggg'MHxnﬁﬁnaﬁceEbethbouhogllmr@Mrlng the
about 6 to about 8 or fromabout 6.5 to about 7.5.
FRBOPL HajtBR- adj usted by additi on of an appropriate

pH bufﬁe5ﬁ§)emﬁgdgﬁ§ﬁf'b§g16b9$§1nbomE§'%%mdﬁdék{éﬂgi in a
pH in a desired range Suitable for profnoting fornation

dndigy owteifing hecbinpf Lbimand aprenslng enhbhace miroorganism

egr datlon f t he hydro ar hon n one e dj nent .
SRR BEBh e S aigPeb s SR8 lop 575" s gt hAS | Following
i 6F bbMyah Oswbt CBabﬂQlaQUQQUS nﬁ@ﬁadr@ramssmsexrz@ﬁﬁfbtoba cter
W th a m croorgani smsol ution. Advantageously, the

ﬂ@SIﬁ@ﬁﬁQ9ﬁﬁﬁ§§ﬁﬁﬁr@%ﬁaﬁ@@%ﬁbQQ#ikﬂﬁﬁﬁPﬂ1@w@ﬁﬂ?RQﬁ?lsmsr
uﬁggg%g gébﬁgtagﬂygega€ggoghngﬂg v%%%gld%%%@9 URGT days

osi ng regime conprising-app
tde aficcrtoofgani smntdwed .Ut | dfoicorkampileg sabel altosllea@stmay be

N A N CRETE TINGS R CH L N
Rhevhbachbbus 0. méﬁﬂt@orggauﬁr@, tn%ﬂﬂl?s SUPPOat 3 months
substrates in the vessel every about days

or about 3.5 months.

The dosing regime undertaken may be determined based
on such factors as the treatment 1load, the type of
hydrocarbons in the agqueous solution to be treated, the
concentration of hydrocarbons in said agueous solution,
the time period within which treatment is to be completed
and the concentration of the microorganisms in - the
sélution.

The aqueous solution may be retained within the
vessel for a period of time to enable sufficient exposure
and contact between the biofilm of microorganisms and the
aqueous solution such that the biofilm of microorganisms
is able to assimilate the hydrocarbons from the aqueous
solution and thus remove at least part of said
hydrocarbons from the aquecus solution. The aqueous
solution may be retained in the wvessel and the process

allowed to proceed for a period of time until the level of
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15 to about four nonths. For exanple, the dosing may

be undertaken every about 2 weeks, about 1 nonth,

about 1.5 nonths, about 2 nonths, about 2.5 nonths,

about 3 nmonths or about 3.5 nonths. The dosing regine

u rt be_d ughf

e PouTR PP oa Photry it foaris, B RS con
thevehueoﬁgeﬁﬂnﬂhky)tth@eagueahsdsdﬂutlannmzynbatm@malned

dro rbons in sai d agueous,_solution, the t
o PR oERR Y T oot e et T2 Rt et ety TR hours .
tt@@réor]@%ﬁéﬁbl% oftHche afliebaar 938 §iBohN hde 12D retalned
sol ution. The aqueous sol ution may be retained wthi

thethissbe wvessglpdidrtorlotuti ke te akabite Js%ﬁfh@méw Most
SXPOPUL 81 ”dt%%”t %e@@é"‘%%‘iutt'l% b'rﬁi | 00f i ed, within
%1%%&% he

croorga aqueous " so Bnsuc
bilod i vezofl nf@zf oajﬁcgamljs;rrst@%b@uiabd@ Henmwssim | ate the

hydrocar bons. from t he aqueous solution and thus

r emovel W FRLEYr pdhte of ATHEF  AYHr ot &Y Bbnst ¥ r G t RECeptable

agyﬁgysdﬁééyfi@@ b;h@négﬂgﬁﬂént§9l9&@9@a€§¥nge Preferably,
retained in the vessel and the proceSs allowed to

pi'rhe%e@be@V@l pezy ode of ediipeduhpi Leshethavehbofit 15000 ppm.

e co 0 be bi gr aded reaches_the r
Ieve re? erda ’y,&f%eé)@g %%ﬁ%fs%?ﬁt P‘Snr Vcﬁg 9 less than
r@:‘o@medoovaﬂsmn t heoyessle feafaAlgut tA8 oWy S186el may be
about 168 hours. More preferably, the aqueous

SHMTHh Tyl 3 rdtal ey wthigPthe vessel for about

12 to aphout Q\ré%}tﬂsth le herably. hae A b

sol ution naj%%% r alne%b%|fﬁgﬁ% e vesseF or outmay ©

]ékpxﬁsﬂﬁﬂnba&bﬁounsth@ypanﬁdm¢ dﬂmxéduqﬁﬂodIIhlé@éllevel
an acceptable_ |ev %pe0| fied by enV|ronnentaI

| RTENEE pr8fer SBEAYCTION { REYCODT eV TREY RS by the

rﬁgmmaugﬁg)ﬁdgﬁhﬁdman about 1,000 ppm More preferably,
the COD | evel may be reduced to | ess than about 700

ppm Most preferably, the COD | evel may be
{Initial COD Level - Final COD Level) x 100%

Initial COD Level

Preferably, the COD level may be reduced by about 50%
to about 75%, more preferably by about 75% to about 85%,
and most preferably by about 85% to about 100% according
to the time that the aqﬁeous solution is exposed to the
biofilm.

After the toxic compounds in the agueocus solution
have been degraded to said acceptable target level, the
treated aqueous solutionrmay be discharged from the vessel
via an outlet pipe using an outlet pump. Alternatively,
the treated agueous solution that is not discharged from
the vessel may be recycled into the vessel via a second
outlet pipe using a second outlet pump and re-introduced

into the vessel wvia a second inlet pipe controlled by a
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reduced to | ess than about 500 ppm Alternatively, the
efficiency of the process may be 15 expressed based

on the percent of reduction in COD |level. The percent

of reduction may be determ ned by the follow ng

fraaf idldy tyal v OO kgxelrorybhBal @V aldiut ;0 %ay be
20 Initial COD Level Preferably, the l evel may be
resdicied hyv dbbuths0u quecwboab L RsYpnnoimenpr ther ddlnsthyinlet

t 75%to-.ahout 85%, and nost preferably by_abou
gggl%:ét 0% (goutf oeacgcoé’rharionu C1125 tis%e t Hée#sl‘%aél%atf?]ﬁe further

FHPRGUS S Qlnid ih e texpiasedHe Bheri b of f |4 cAhdefahiNens on
t oxi ¢ conpounds .in the aqueous sol ution have been

d'é’@r aaéﬁp%tsé”d)%ﬁtsab% tiargdien evepucehehe r egragt of
{ PR 150N JrRY é%ﬁ%ﬂgg§ﬁ¥iJﬂ?NﬂHJN%ﬁ$%§Eﬂe3@§pe of

vila an outl et pipe usihg an outlet punp.

Alurgr nady véley, usede tfoeat ethmolepousnsdiit tgpet hatmp smay be
not di scharged from the vessel may be recycled into

t17%€“Vessel via a second outlet pipe using a second

out | etrnpunms iafd rgnd nth@aeed oknt gekBe1¥ESERly Vi @ varied

second inlet pipe controlled by a 16 second inl et

P&IopE LiTe toedyel dareadiedts wicut i Sfvivesp ey, combi freeptment

A, oo, SBh o8y L {OPLDE LR LTl Eo0 P Pres o

expesusse anfluchahact Wdde t hgddiceflillyin othe treatment load
m croorgani snms _on 5 the su,pgort substrates tao further

FERGEE thECamRR tof Oy droicEibohs i PP e aqudlusliitres of
SQudblLan. A3t abhe sty P& Qfi cAURP W%%éxaﬂﬁﬁﬂkméﬁﬁ load

exanple, an M2 type punp nay be wused. The size an
manbes dframesskedst ndy 00 vhrtiezs 10 adwoertdi nglP0® tlhéres of
the treatnent, |pad_ran

PR 58 oY B B LbBut B0 1 Peshr Ctngtiats 20
Sakutsot Mdgedypi sal hyiohhe roreaim@idld,0a8l vessel with a
volume of about 220 litres is typically used. Hence, for
higher treatment loads, a plurality of vessels with said
volumetric dimension may bé used. For example, for a
treatment load of about 240 litres of aquecus solution,
two vessels with a volume of about 220 litres each may be
used.

In one embodiment, the treatment zone may be located
in a plurality of vessels in series fluid flow‘with each
other. By this it is meant that the agueous solution to be
treated is introduced into one vessel and is passed on to
the other subsequent vessels sequentially.

In another embodiment, the treatment zone may be
located in a plurality of vessels in parallel fluid flow
with each other. When in use, the plurality of vessels in
parallel fluid flow permits passage of two or more streams
of agueous solutions, derived from a single streém,

through an egual number of separate vessels, with each of
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ranges from about 500 litres to about 2,500 litres of
aqueous solution. Mist typically, the treatnent |oad

15 ranges from about 1,000 litres to about 2,000

litres of aqueous solution For a treatnent |oad of

apRUt 120 ch?tﬁ%& fseg QB s gl % &Pl O SXATRY £ ?assing
vessel with a volune o out 22 |tres I's typically
uBbdouﬁbn@edlffwrGMtgh@$8$leatnent | oads, a plurality

of vessels with said 20 volunetric dinension may be

used. For exanple, for a treatnent |oad of about 240
litres of aqueousridd Wdsdkiptidh 35 PaSvitidd) a vol une

of about 220 litres each may be wused. In one

enbodi Fedit | 2¢penpRieEi Rent di@'ﬂén%y bélpatapkd 25 dasglosed
P ' f S n ri d.fLo

PSOALO! JRPORLELT 25T I BRI IHLONM AN ERED ot che
tdﬁ$mﬂo$e@a&a®adaMaM1odmce@srnm»ohe uﬁ&&msﬁﬂuﬂlshowever,

: pg ssed gn to the . other subsequent vesse

fentid9 y. dFﬁ“&H@Fheraéﬁbod?ﬁ%hgne?he:?F%atﬁ%ﬁPoses of

ZONe, SBYa thfon 3eni pcaked idhid R ubaldeley rQf (WeSSSt Sthd 1imits
parallel fluid flow wth each other. Wen in use, the

PplurtEe tinwntdewsel s in parallel fluid flow pernits
passage of two or nore streans of aqueous sol utions,
derivéﬂh}roﬁnaisinglesshemanic tdwmngﬁseﬂtinnﬁﬂ mummerof a

f_separate vessels each 17 the t or

SR CulSEo AT phB8: Ay ot bugaTa t1eating an
dddenant sasselon Brdgft 3es6ld p%@@&o@%r@@ﬂ@ ng$ SadBBrdance
acconpanying drawings illustrate a disclosed

etiddui afshte qeente dieabqsical matsdprinci pl es of the
di scl osed enbodinent. It is to be understood, however,
t hat tRﬁgdramﬁh@saarerdesSgneﬁhﬂord@agpasesshmwing a first

B L R N W R ST LS

dﬂﬁﬁ& sectlonal vi ew of a

Fig. 3 is a process flow diagram showing a pair of
trains disclosed in Fig. 2 above, which are in parallel

fluid flow.

Fig. 4 is a process flow diagram showing a train of

three treatment units of Fig. 1 in series fluid flow.

Fig. 5 shows a graphical representation of the pH,
temperature and COD profile of the treatment unit of Fig.
1 treating an aqueous solution containing hydrocarbons

over a period of about 96 hours (Batch 1).

Fig. 6 shows a graphical representation of the pH,
temperature and COD profile of the treatment, unit of Fig.
1 treating an aqueous solution containing hydrocarbons

over a periocd of about 135 hours (Batch 2).

Detailed Disclosure of Embodiments
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treatment unit inplenmenting the process for treating
an aqueous sol ution containing hydrocarbons in
accordance wth one enbodi nent disclosed herein. 15
Fig. 2 is a process flom1diagran1shomﬁng a first

tr a! nRg%FLEXSEt gte@g%ﬁ-g‘[ u‘l“ tscl‘?ér%:l 95 shgwgar al lvggsel 101

fluid a pfocess ow di ag Fam shéw
dopatedofwittiriai ns direcitosed |zorke 9102 ahnyetrmhtmanaref an
[ arallel. 20 fluid flow S a process flow

in
GHHEPH% shoWrhyCR t ?%PFaIBfnaFﬁgeeW%F]éat RERF ORI PR B The

Fkgsel inpgeries fEEjhgp&lEQW Wit Sashoweratgraphiealy, pn
representation of the ,  tenperature and COD proflle
gpntheliesat néh@Blmlt tcﬁmp%r@tu% 1 congapildgran (105}  and

solutlon nta| in dr ocar bons
BEPREER S S SRR (D SFRER Gre "R Gad zgd auring
ghaphk@atméﬁprpseaéggLon of the pH, tenperature and
COD profile of the treatnment,unit of Fig. 1 treating
an aqﬁlé%ust%iaht .V&ah%f@nt 8tni kgehywoeat bdds 36 o¥pll 220

pm@gi Qf rabout - r%@g} %gatmé??é al&%&’ of  about 120

Di scl osure of E odlne ts erring to
theresi of shgwacasvessetidfl | ocat ed mnthln a

t t t e 100 for  treatpent of an eou
sol Ut Ten CHRISHIhated WeR hyar dtar st Sthet sy dgggjsported

10dmi & emiPPesi W kRdan mefahied 134to Ried €O84&DI hen via
(103), tenperature controller (105) and fi nutrient

E]G*%plfylr@@ndwletlw)pami@ﬁ al@tl}tqllllez:bdbﬁlurﬁhfg fijet inlet
roc t,al lu he
|s a%“e{szgo eLl%tSe The yakal -1 ofpi rea ner]ﬁoollutlon

res with a capacrty for a
loatodlicabolhtd 20he 10eks&1 e50Df 1 aquieous Sp000i . The
aqueous gggukﬁloéfﬁéﬁ%trggéegqh%o%gmg%¥ggfgk may be pre-
conditioned prior to being introduced into the wvessel 101.
As discussed above, pre-conditioning typically involves
adjustment of pH of the aqueous solution to the optimal
level of about pH 7 for promoting growth of the biofilm of
microorganisms and enhancing biodegradation of the
hydrocarbons.

Once introduced into the vessel 101, the aqueous
solution is filtered through a headspace 106 that provides
space for expansion of the support substrates (128, 130).
Preferably, the headspace 106 comprises about 10% of the
total volume of the vessel 101. _ ‘

After filtering through the Theadspace 106, the

agueous solution is permitted to filter onto the biofilm

growing on the plurality of support substrates (128, 130)

‘provided within said vessel 101 for growing said biofilm.

The support substrates (128, 130) are positioned
approximately 1in the central regions (108, 110) of the
vessel 101. The support substrates (128, 130) comprise -
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froma reservoir and introduced into the vessel 101
via the first inlet pipe 104 controlled by the first
inlet valve 102. The initial COD of the aqueous
solution 15 introduced into the vessel 101 is about

5290Q+ PRMBs | B rone, gmqdi ent, o 1Lhe agye Sqlg%ieqn Y. The

be pre- conditioned prior to being 1ntroduced into the
vegsedriQl subAsrdiscussew abmmymipr e- tHHdi ehdni pdastic 130

typically_inypl dj ustyent of pH of t
Rt Pohteo ERe Sheriet 3675 Gl Biaabeat oA Porercles used
P& oDl NG ArrFetdenel bhecbbobi lmads ML BREGaRLSE alfitable

enhanci ng bi odegradati on of the hydrocarbons. Once

i FEFoHURRECIAtD thRrYessite 10ANd t HerglebuPreasesns | dockage
[ flLer ugh h pa t haf _proyides :
s%%%%ﬁ orﬁgﬁ%é?3|onogf t he su%%gégggubs ?g?géb 12é¥ﬁ§érg01ng
1863 atiert er abl Thet he lheeds padesrl 06 conpthsegezhait: 128 and
10% of . th total, volune of the vesse| 101. After

(RIS gl PAr oG iR e FRERpREeAI08t the aqueous

sol utiprei speffiid t @dgt oahdl t8ra OO Hhe bhatthme30 in the
growi ng on the plurality of support substrates (128,
1@8@190\%0&‘3@10\“ sieedsal dwiels sdlaclifl t=or sgr owiimy csgighnisms,
bj 0f | The support substrates (128, 1 are .
p‘%é)ﬁ%g}ﬁ%%cpgﬁpr o3l mat el lycriono THE it al %%eg‘floz?%cﬁ%ﬁ °p-

W} redrddei swesset Q& okhanstppethesuhstiabegahldfs which
130) conprjse 19 about 40% of the total volune of the

VESSR| OB 0 R TRET 28GR Sk tRbresiar b3 @ePantéciog to form
and E}!i%%ti'l‘fn.13OAspar&i§éLg%seJhea%%rv%m c %gé anlgacil sp.

plastic 130 particles us are of di'fferent partlc%%s
giresenyprivngde wesuil ablre BHent erquards climqiorde siBeerillus

ST S BN L SRAR0 QUCLNG, PRSeags O L0 o110
tokesuslp bpathe 1eer andgprd2s and mlagtig 138848k Bud, and
rati o of about 1:3. The cerami c 128 and plastic 130
pEttieles in dpeheniformis; the Acinetobacter sSp.-
microorganisms include Acinetobacter haemolyticus and
Acinetobacter  baumannii; and the Brevibacillus sp.
microorganisms include Brevibacillus brevis. The one or
more other microorganisms include Pseudomonas aeruginosa,
Pseudomonas stutzeri, Listeria seeligeri, and Alcaligenes
faecalls type II.

The microorganism solution is retained in the vessel
101 for a period of about 60 minutes to seed the ceramic
128 and plastic 130 particles. Once the ceramic 128 and
plastic 130 particles are seeded with the microorganism
solution, the conditions within the vessel 101 are

controlled and monitored such that the conditions are

maintained at an optimum pH of about 7 and at an optimum

temperature of about 30°C required for enhancing microbial

growth and biodegradation. The aqueous solution is

aerated to promote formation and maintenance of the
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10 vessel 101 are seeded with Bacillus sp.

m croor gani sns, Aci netobacter sp. m croorgani sns,
Brevi bacillus sp. mcroorgani sns and one or nore
ot her m croorgani sns which grow on the ceramic 128

%%%f&fﬁn'Clﬂsgh@aéﬁEG&fﬁeﬁ@ foIm s2oRI QhT LM éémﬁgessor is

di scussed above, the Bacillus sp. 15 nicroorganis
usefadtdd théopﬁﬁﬁesquﬁouad@d&ﬂﬁﬂdnmby|@mﬂﬁﬁeration pump

ceredégfégggﬁﬁggl?ggi|%f|ll%%%ﬁ%? ‘édﬁﬁgﬁll e afdve 134.

Baci | ITtge | hghesukordasic idie Agi NS ObBCET wSPhin the vessel
m croorgani sms i ncl ude Aci net obact er haenvol yti cus and

20 IacFABt GhaRAErODafra@MAUt ahtl hRETBr d baeilblessyflicient
'BﬁﬁégHﬁg”H céﬂ%ﬁé&“&é%ﬁﬂé@afhé'ng?;fﬁ'éf Eggrgggganlsms

nore ot m croorgani Sns I nclu seudonobnas
aﬂnhgtM©sague@seu&@ﬁmmwsmnaudmrthatlateﬂbas&eqkngerof said

nd AIcaI| enes faecalis type |ll. 25 The
s o1 KehoRe s EFBRaithed AGPaes veaustiongand the

ft(HrgféthIOEQQéiifelaQﬁUtl% M @Bt seedot %np%rsa@c@ueved
128 and plastic 130 particles. Once the ceram c

and et ctheo pawid clcevsf,nmdsseeded Wie h atqn@ous solutlon

00 i'sS n iLtions mnthln tq%
véﬁ%%lﬁggﬁ gﬁ%ﬁ(xn1rol r%% gﬁ%ﬁ% ofed qﬁﬁ$% at target

tlheredgnditie caguases gauﬁtabnedsatdlmrmtgelwmm Ofhe vessel
ﬁéPUt 7 and at an optinum tenperature of about 30C

ui Y& 6 éﬂ%&ﬁﬁnﬁlmﬁn%%ﬁaPSlQ&m&hﬁaﬁHtlet pump 116.
redegradatd an.c TheRaHRAUS; $OLAL | é’(?uéﬁjs a§5f’% o8 Onave not

pronote formation and nal nt enance ilm
h@ﬁﬂuﬁ&gﬂ&ﬁﬁdnﬂﬂ said d¢¢ﬁptﬂbb&rt@m@©¢€ke@¢l;Sthe aqueous

t.ed into_the eous so tlon eratio
SIS, Bt arbRE-TRHe % ohbtn Y Ben Fof T 8oy hesecond
\baﬂt\l%t]-%ﬂipe-rhﬁ2@qugﬂbl§ &QJeUtééEbﬂ@ setatpedubt Mo they re-
vessel 5 101 for a period of about 72 hours to enable

difmogiuend iposthe ERgsedntldct bhrweba sikedbidofinirt pipe
q&sﬂleeﬁ% 9anis aﬂsbgagghghesaauﬁauslﬁﬁget'991§g0h1599t The

| east part of
recycled agueous solution is combined with the aqueous

solution from the first inlet pipe 104 and filtered
through the headspace 106 for further exposure and contact
with the biofilm of microorganisms on the ceramic 128 and
plastic 130 particles to further reduce the amount of
hydrocarbons in the aqueocus soclution.

There is shown in Fig. 2, a treatment =zone 200
comprising five wvessels (201, 20la, 201b, 20lc and 201d).
The treatment zone 200 and vessels (201, 20la, 201b, 20lc
and 201d) are similar to that in Fig. 1 except that the
reference numerals for the same features are denoted by
numbers by an additional 100, 100', a, b, ¢, or d. The
treatment zone 200 is used to treat about 600 litres of
aqueous solution containing hydrocarbons in parallel fluid

flow. The vessels (201, 20la, 201lb, 20lc and 201d) are
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hydr ocarbons is renoved fromthe aqueous sol ution and
the target COD |l evel of |less than about 1,000 ppmis
achi eved. 10 Where the toxic conpounds in the aqueous
sol ution have been degraded to a predeterm ned

Q&ﬁ%ﬁﬁﬁgieWHQEQQ£eaﬁ§VQhH:tE%n@%BQQEﬁﬁsoégf.@foﬁs (234), pH

di scharged fromthe vessel 101 via the outlet pipe
1B Usi HY532a he268b) e 0unpntl & 03dherteentdherdtoxye (205, 205a,

ou in t eous,sol ution_have not be
egrddggﬁ?%E?&F%“%%%Ep?%%l%“?ﬁ%%%? F%@%f? {%§7aq2§8ﬁs 207b,
sid | @Adi 207egY Gf Bthimt @nkhe neasRIntl0doné a 2ol during the
second outlet pipe 120 using the second outlet pu

R AP e PIAGTduc s ol e Yessaeh 101 Vhe vassel (201,
d i t pi qgg{ ol l,ed e 0 .ol et .
\S/ré?lzl\% 1%9@8%22(}2)%: réégcl e Cﬁa)qué%us‘lr{)éslcc))lﬁﬁt izc?ﬁ)ci ggtk&' biith a
cofEaidd wifblr thae @ageeousnt sdlostd onff rapothe 40 stlitres of

inlet pipe.104 and filtere t hrough the headspace 106
fa_oc%uerod% ﬁéilugiﬁé‘sl?reé g{ﬁo%sgﬂm act with the biofilm of
i croan@gank§litoQy thercersu %12§ear19re£d@e§t2 gﬁ‘s 180ansported

particles to further reduce the anmount of
Hyiocar bseehveittheaadueousr ablagd oAntThetlee | yesisads (201,

I4h+Ei g. a t 200 resing f.ive .
R0 2ot 2880 008, 18 0P o01 67 P iBe pive 200
twheafhmendparene 20hendf vessel $s¢2Qh1 e20 ks, pa2D 120 £201C204" a,

2ﬁd'201dé are simlar to that in Fig. 1 except that _
&850 réPdrenchurdald f6PntKReldsfe Prattites fdpst inlet

deneieb dy. nopber s -Rmhaddi fional 100,109 f\zmb, 201a,
c, or d. The treatnent zone 200 is used to trea
avdi, 6001¢i tames BPldaguedus sghebiien soht@ionngs filtered

hydrocarbons n_parall el id l.ow. T ve s

PR e, hsBRhEe S, P a7 Dhfe et BEGa A 12069
Raks phrofricentsialdd b aerafdryi 2 it siEdSrt 28038strates
203b, 203c and 203d), tenperature (205, 205a, 205b

1858 arkP Foacy2ERd RAGG et SappPyO¢ 208 007430007 30c and
Faey 1 RIS LS ToLbScE BT 098 200 Al 00
v@%¢e| dAirises about 10% of the volume of each of the
vessels (201, 201a, 201b, 201c and 201d).

The agqueous solution then filters onto the biofilm
growing on support substrates (228, 228a, 228b, 228c,
228d, 230, 230a, 230b, 230c and 230d) that are positioned
approximately in the central ‘regions {208, 208a, 208b,
208¢, 208d, 210, 210a, 210b, 210c¢ and 210d)} of the vessels
(201, 20la, 201b, 201lc and 2014). During the treatment
process, air from an air compressor may be injected into
the aqueous solution within the treatment zone 200 by the
aeration pump 232 via the pipe 236 which is controlled by
the valve 234.

After retention of the agueous solution within the

vessels (201, 20la, 201b, 20lc and 201d) for 72 hours, the

toxic compounds in the aqueous solution have been degraded
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201a, 201b, 201c and 201d) is about 220 litres with a
capacity for a treatnent | oad of about 120 litres of
aqueous sol ution per vessel. The aqueous solution to
be treated is transported 10 froma reservoir and

it r oducedqgintedt hecressabl e( 2@hrged0la,eZ01lb, 204C aqueous
and 201d) via the first inlet pipe 204 whi ch

sEpatates it dirchargedstrpnl éﬁleplwe(lzf{M(ZO]Qfoﬁ%Ta, 201b,
2 4 d 4' I AT "l et b
A2 98 ol AR e AR BLaL LR Shud ot one

200, c 15n@02bh§’ lecwhmth@ié)comb&n&@ueﬂu3>Sﬂl&ﬁmgHEISutlet
filter t hrqugh the headspaces (206, 206a,_ 206b,
%g 8 p0BE It Hte pPob %E PHEPe §0r0)expalibesR dihe toxic

td}ﬁnpsﬁﬁmar SUBSE! alRS 8 8
230, 230a, l2soE b aftol Z%Dslc)%t)zﬁ%lzagﬁggf ¢S bedi? Hegraded

Héhd%@h@e§CGQQSab2©6$angﬁﬁ)l@@ﬁb ahU82@q2@©@F solution is

SO 5 A 00l e BT BT et 1 S e 00

salauttiten stehﬁjndid\,t’ﬁrét amteed hezdizof i210” gy 02\2@'93,0|’1220’c and
S ?I bstrates (228 228a, 228b, 228c, 228d, 230,
27%879 3%)& Het arel (ks t7efeed 2utlet pipe

Jt
o el n e e S 08
LB AR S SR e
u@ﬁnﬂﬁhe(W§H§62@1920201501201203hd 201d) abdr i2j d)hevia the
treat nent ocess, froman air c ressor be
T a1 B R 2 E o e PehrGr R i To¥e"%second
tlma@ttrrerrslpz@e 2096by thee3@ aergatdan, pum?62§2 ViR thevgr q)

pi pe 236 which is controlled by the val ve 234. After
COrEACildfdof PY het Bguetr@ond| dtilet wivehive t R84 véesel Burther

(20hengfla. 20Lby2016,and.2044) TOF TR HOULS UNE i tne

toxi ¢ conpounds 1 n the aqueous sol U ave een

degeaded s@Putiom n&qureddoado&pﬁah&& t aeget rk@velgeceptable
he aqueous. solution is discharged fromthe vessels

%?69? 28?391201b, 201c and 201d) via the outlet pipes

(218" rhdi8 ais218hbwn in Fig. 3, a treatment zone 500
comprising two units (300, 400) df the treatment zone of
Fig. 2. The treatment zone 500 is similar to that in Fig.
2 except that the reference numerals for the same features
are numbers by an additional 100, 100’, a, b, c, or d ({for
treatment zone 300) and an additional 200, 200", a, b, c,
or d (for treatment zone 400). The treatment zone SOC is
used to treat about 1,200 litres of agueous solution
containing hydrocarbons in parallel fluid flow.

Referring to Fig. 4, there is shown a treatment zone
900 located in three vessels_(GOl, 701, 801) operating in
series fluid flow. The treatment zone 900 is similar to
that in Fig. 1 except that the reference numerals for the
same features are numbers by an additional 500, 500’, a,
b, ¢, or d (for vessel 601), an additional 600, 600, a,
b, ¢, or d (for vessel 701) and an additional 700, 700’,
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218' ¢ and 218'd), which are conbined into a single
outlet 5 pipe 218, using the outlet punp (216). Were
the toxic conpounds in the aqueous sol ution have not
been degraded to said acceptable target |evel, the

ue@us sol utiony i e i t hg,ue ( ,
FHI50T0, Sha% LRaohoh e MR DEeaetls, (L acucous
piples: (@P0exiRPY ath220ilbst22@scedndb0I0 220" the whitthet pipe

conhined [nto a si gle econd outle%. i pe 220
Pl EAE LecBHATGut TRT TR 990 SRS ofi AT odliiatP! o 2
gt dtherviasse! a2l 201@imdQ1lbi s2Qa ands2Rddyedi dut is

the second inlet pipe 226 which separates into five
Jepmadl wpiey pipes qlfzeinteoehq, segend, vEEGed affhk via the
26" d) n Il eq,;hy 4t eqangd | a 4 far...
%%gt erégifgaﬁgght gggﬁﬁﬁgﬁﬁﬁe annu%?ﬁ%éu%y%¥§%§f %n§§1t1ng
ithe heecaglienesssDbl U1 oni 4 sSthedoaetlet opipe Tef§ui aftder being

acceptable. target level. There is shown in Fig.,h 3, .a ,

tl?eéap er&,ngag§056§enéoﬁf§_,sis ?‘ng&tw uRF?@eF%g‘G%n%‘éOPerlOd

Qff themé | eamalit ZanscRhrgEl9bud. iIdephiBaEMmRal ngONfmp 716

500 is simlar to that in"Fig. 2 except that the

rigfter efibe ntherdl svéerel hdGlanwikeatoles wrkvaurfldsr.s  The
an . additional 100, .100., a, b or..d (for .

BB AU MR 38 Aind B fap St desey go1 for

Gba2fE 0150 (bofkstreat nené zerendOCjessdie voeatm@ntabout 150
zone 500 is wused to treat about 1,200 litres of
AQreSuS bl i dihivinss§ thpdrlo Catbh e Utn 1p8r Rovars -
fluid flow Referring to Fig. 4, there is shown a
treatment zone 900 located in three vessels (601,

701, 801) operating in 30 §g5:§% fluid flow The
treatnment zone 900 is siniFar o that in Fig. 1 except

that the reference nunerals for the sane features are
nunbers by an addj tional, 500, 500', a, _b, r .
(H5Porhest Sotpduzitiay Mrotarases, teosaragieloripid Flow
or d (for vessel 701) and an additional 700, 700", 23

a, b, ¢, or d (for vessel 801) and that the aqueous
Aqueous solution to be treated

The aqueous solution to be treated in Batch 1 was
industrial wastewater contaminated with aromatic
compounds, esters, ketones, alcohols, and benzene,
toluene, ethylbenzene and xylene (BTEX) and having a pH of’
about 6.5 to 7.1. The original <COD value of the
contaminated wastewater was approximately 17,600 ppm. The
targeted result was to reduce the COD level to less than
1,000 ppm in less than 100 hours.

The aqueous solution to be treated in Batch 2 was
industrial wastewater contaminated with cyclohexane and
related compounds having a pH of about 5 to 8. The
original COD value of the contaminated wastewater was
approximately 34,400 ppmnm. The targeted result was to
reduce the COD level to less than 1,000 ppm in less than
140 hours. -
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solution exiting the first vessel 601 via the outlet
pi pe 618, after being retained in said first vesse
for a predeterm ned period of tine, is not discharged
but is 5 punped using punp 616 into the second vesse

701 Viget heynd M8tz e V& aE2waSidh |§égyapfgﬁbéﬁﬁﬁ¥&6hed by
solution exiting the second vessel 701 via the outl et

pilpes7i8y &heerpthetmgbetoeeainnad! i h $ai Phedonddvasismiulated
for a predeterm_ned period i me,. .S, not, di sghar
HRfofel e F it ¢ ©280) 1BS (g TR a TAskaRS was

Sdrvéda bt edbn vahyie 892ch TBEFfoAgULRHISa SDE UL t PBatBent .

retained in the first vessel 601 for about 150 hours,
in the second vessel 701 for about 150 hours and in

é&‘?sﬁpﬁégié!ﬁs?flm§@t}1£9rvé‘£’§’éi 150 hours. 15 Exanple

Treatnent of | ndustrial Wastewater in Parallel Fluid
FI ow Thgueoes teehntt | tond 0206 tdeatetb@d Thevaquesusused to

sol uti to be treated in Batch 1 s.. jndustria
attee ST T Cho s oL st Bt din g Baten 2.
es¢er arukel ongsn Bhoohg! &, vandmeenzengoutt BAteNE,tres, were

et hyl benzene and x¥%ene (BTEX) and having a pH of
t 26. Sheo vegseTheior iikal CoD Vglapdmsmt heops 200 was

i, nat wast t appr oxi el 0
CR Ao TR Tes R TRNIRE [RE°Stabd) #8510
lesses hagY 1200@wepmr.n ITees whanell@BehoufsomThe reservoir

aqueous solution to be treated in Batch 2 was .
FHARYT | bR hadr 2waTBPSdoh AR REBed 1RSth VEPSEIhdEn&n inlet

Ande 30 +gl Jred conpouRds  having fa PEL @ &POYEsS ah0fed to
The original COD val ue of the contam nated wast ewat er

faktempphoguant ebpud4 200 idpras The haadepader estbt ahgut 20
r educ he CgD l.evel | ess, than 1

HSERET PioRoru®0, SRR ahinati hast ual Br7os Of
pBss il e- sk 11 onedThy wadiksbing hie tpd tathettwaeraplkdd at
é%éobggkgmag% %géﬁﬂéggggl was recycled to the inlet at a
rate of 1 litre/hour for 96 hours {in Batch 1) and 135
hours (in Batch 2) before being channeled to a post-
treatment holding tank where the wastewater was further
treated prior to discharge.

The bioceramics and plastic bioballs were prepared by
placing dry ceramic and plastic particles in each of said
five vessels. A microorganism solution comprising the
Bacillus sp. microorganisms Bacillus Ientus A 5019 5T (2%
vol) , Bacillus megaterium B 5013 (2% wol),Bacillus
megaterium C 6019 (2% wvol), Bacillus pumilus C 5011 ST (2%
vol), Bacillus cereus C 5014 (2% wvol), Bacillus cereus C
603 (2% vol), Bacillus cereus C 6011 (2% vol), Bacillus
cereus Z 508 (2% vol), Bacillus subtilis C 601/1 (2% wvol),
Bacillus subtilis C 601/2 (2% wvol), Bacillus sphaericus C
605 (2% vol), and Bacillus licheniformis Z 507 3T (2%

vol), and Brevibacillus brevis Z 6030 PT (2% vol),
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t hrough the treatnent zone (200) of Fig. 2. Testing
was carried out on each batch before and after
treatment. 5 Construction of nodul ar vessel The
treatment zone 200 descri bed above was used to treat

tp§eﬁ@9ﬂ§ﬁ£éala@@§g§ﬁ@59r Qf %ﬁfﬁ'la out g%zh 2.pseudomonas

Fi ve druns, each ving a vol une of tres,
wetet10rised>as2t HE Wé%sebi uanhmehlaheeEde@EaanB 5011 (2%
ocat e

oL nPapRRenaBss Brirde g Batidvil ef28 kel | © pseudononas

veshexnei B f 6008 a(28SQRYDI I AcSherast chark haemolyHIeds ¢ 602
into the first vessel via an inlet at the toglof t he

vetsel VoThe wlsiagiedackes alllddmadnid 1% fi 69 (4% vol),
t 20 f ea ce,qQpto ut
E&gfg@b@&% o%er%‘%]%‘gsﬁ? ?I oa/ed §E§ bég 68%?9t’r eéﬁq‘allgeﬂes
pfasctabldslt)jqadaISI Theokassewaber vat ) t hedoltritetrdbaeated sp. C

th f each vessel was recycled to. the
a%‘?%t fxt ?g gwafs #PRdes) ﬁ&rtffeor%ﬁs FeGRrEiE] gnd plastic
%@éﬁt’hé])eéinﬁné3§lggwgauﬁc% (e Balchy 2) 4 bef or &s b@bﬂgﬁbout 30

channel ed to a post- treatnment hol ding tank where
VB SRR er tRas Feputher 60t r gaimet s i obetforgi schihtgering the

%S@évp rlarghcrsOu rhd plastic bioballs were prepared by
aci ng ry ceram ¢ and plastic particles in each of

said 25 five vessels. A mcroorgani smsol ution
conpri si ng t he Baci | lus sp. mcroorgani sns Bacill us
%‘:H' wAst9ewakes | | us megateri um B 5013

(ﬁ%@v§ﬁ§pf?c'#hu% ndMBgaLerim.G 6019, ( dﬁ¥?#iled throughout

Baci |l us pumtus C 5011 ST (2% vo acl [ [us cereus
Cis014xp2%imoh)y, Badiild usaas:erseup@l@eab 36@3a(2%1mg[t)3 M2 pump

'l | X
B SoRiory S BaIERED St e s2abire Chaelol ) Potassium

%Mhéﬁhétéﬂﬁﬁfféﬁ Crhf 112 nfpl%ea@lr)k, d%ﬁé'&@ﬁtrolled between
thaerl cus 605 (2% vol ;‘ and Bacillus licheniforms

&5F7 (S1tq 23/% %@)lnaﬁats evi Fadl Rafganrevd®’ T 0389PFC in
P, 25

Analysis of COD by colorimetry

COD analysis was carried out using the closed-reflux
micro method of and commercial COD reagents from HACH.
The reagents were supplied in 16-mm vials that fit
directly into the Hach Colorimeter. 2 mL of a sample was
added to a vial, after which the vial was capped and
placed in a reactor for digestion at 150°C for two hours.
After cooling the vial, the COD was read directly on the
colorimeter.

If the colorimetric reading exceeded 1,500 mg/L for a
sample being pumped into the first vessel or exceeded 150
mg/L for a sample being pumped out of the fifth vessel,

the mixture in the vial turned green. In such instances,
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Pseudononas aerugi nosa A 6017 (2% vol ), Pseudonobnas
stutzeri B 5012 ST (2% vol), Listeria seeligeri B 5011
(2% vol), Pseudononas stutzeri B 509 PT (2% vol),
Pseudononas stutzeri B 6013 (2% vol), Acinetobacter

Lcus G. .5 (4% , I;net ohact et maryy. |
%S§g§%¥%§§§voﬁyﬁggﬂg¥%%to%%%%erﬁ%ggnaﬁ%?i ?Egg%g (%&?%ngth
vehyenBscabrgenesd, f ardaths anypeydls ZvHO20=daf 286 vol )
and Arthrobacter sp. C 505 PT (2% vol )was applied to
the dry ceramc and plastic particles and allowed to
fR8Ereai d particles for about 30 10 m nutes to about
60 mnutes before filtering the wastewater through.

Bi o- t Féat nenshoWst ibewdseanaeart Aesud@pplhpr BEtahd 1. Under

nperature te _coniral l.ed throyghou 5 the
LB e RAAT I SRac b GuP! ot by -4 oTiigl & et BiRpratures of
whit ecpH28aS “adj asd ed obyg “the wddi toon 1efveQ. lwdd reduced by
pot assi um phosphate buffer. The tenperature were
eBRArFolA%8d Petheen SPBEBENYovadusC 9t BRPER 1L ArkP0 PPm to

%BE&€6@48 ﬁoaﬁgfgcbénhog?éCgfztrggt ysis of COD
ry

y col or| anal ysis was carried out using the
cl oseHigef bugshowsctbenttrkadmehtame sodinsefoiralBaGdd 2. Under

reagents fr.om HACH 5 The reagents were supplied in
B6ERRI PareSERar A Sivect| S i EREDRGERUEES OF Hetween
£otor iapet €19 2 a1l ehed BVTP SrdBSwadddethi@@ Wy akbout 98%
after which the vial was capped and placed in a

fromt or startdngeseion af aboCtf 8¢ AR6 FoOr o alfaudr 780 ppm

Lin pal, .t s read directly on the 30
%g?%¥i%%§2$?g#$ ?ﬁegg%%%ﬁ%%gtric readi ng exceeded

1, 500atgéhti@ecasl ganpke daei g psepedinntfidg.hes f andt Fig. 6
vessel or exceeded 150 npg/L for a saq$le beingéfqued

BoF ofeneP$TIeR vEEERI O Tt Xt Ur €89 nef Qi grours,  COD

Lugned: gheahs | el dins@nGss, 5 268 value of about 7.
Although the initial COD values of the industrial
wastewater in both Batch 1 and Batch 2 were high (above
15,000 ppm), the final COD levels after treatment were
less than the targeted 1,000 ppmn.

Applications

It will be appreciated that the process disclosed
herein is a simple and cost-effective yet efficient and
environmentally friendly process for treatment of agqueous
solutions containing hydrocarbons, such as wastewater.

Advantageously, the process is capable of reducing
high levels of COD by more than about 95% in about 4 to 6
days of treatment depending on the starting COD levels.
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R appropriate dilutions were nade or

hi gher strength reagents were used, and the analysis
was repeated. RESULTS 5 Fig. 5 shows the treatnent
results for Batch 1. Under the pH condition of 6.5 to

the 2:%? eve &ﬁgégiggﬁiegébyq'aboutl%§$§$ ope Z%OEGEHtlonal

stheniogl vateetoénaboubcds€60 Dhﬁ1p®ocabGUﬁl@éQOBBﬂ]hereln
after 96 hours of treatnent. 10 Fig. 6 shows the

t 183F Ment TR Ats 1f‘&?l"lC’Ba‘f}?:eﬂnlzcaUh‘der the pH condition

of 5 tAyR Abud ef @t Up BScOf s bl ¥eePsed6Ke@Bn does not

29.5C, the | evel was reduced by about 98% from a

ste@uirg aayu@r@f-da@@mlm Sﬁmpfpp‘m)t pravemt 780ippre of the
135 [ f vantageously, as

aé}g%%m%%%n é%ﬁ)d&% *éh %%ﬁ the period from

0 hour1t OwilDDube4%pﬁt@lil’eSmt mt regitd ®Novhsr modifications

exponential at a pH value of about 7.__Although the

i 74 | afareR-varaesfofthhel PYRIGHPH al i \lvaﬁeev@?@r‘?rﬁt to the

bﬁéf‘scﬁ?t Cs'?cl:hl%@ Bat chhe were hi-gh.(aboyg; 20 ltﬁ']é)ogorego;mg
, the final COD levels after treatnment were

tdhwﬂlmnar@etleduu @epappimyg 25 rapplthecatsmirsi t Iandm Bbope of

be appr.eci ated that the ,process disclo reinis a
Il B IERERCOSR o Rl VS yets of AribesE Gnachat " 4517 such
atyd 1 NIt d Yardd | £l Ya 1 §e£SSoh®TwitBah NERE 8kope of the
aqueous sol utions containing hydrocarbons, such as ,
waRevRgerclagigsadvant ageousl y, the process is capable
of reducing high levels of COD by nore than about 95%
in about 4 to 6 days of treatnment depending on the
starting COD | evel s. 27 Advantageously, and in

contrast to conventional chem cal treatnent

processes, the process disclosed herein does not use
any toxic chem cal s.
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Advant ageously, the process disclosed herein does not

5 require any pre-dilution steps to prevent failure of
the treatnent systemdue to high loadings. It will be
apparent that various other nodifications and
adaptations of the invention,will be apparent to the
person skilled in the art after reading the foregoing
1D. di sl opureenst hdolr depagdtiing f ram t heuspiusi t sridition
scope of _the inventjon and it is_intended that all, |,
such  SROUAHEH ofd ERF-AFHCat | DRE JORECHE hi P 5100

scope fe t Beeparaﬁer@%ﬁ@f MEa1d8 LRl JoldL PEPCESsS a
for treating an aqueous sol ution containing _
hydr odariongy ¢emeptdtRGsatomsEssi e t fé shep fofllowing
exposi ' - S S ] 0 5 bi_of | .
conpr i@%n%@da%%gl}gﬁ{oneo%#é%%% ol %(FV\Z ng H?ldllggrganlsms’
m cr oA@ard tsoisd ctBacidg UsnisrodBmiomgard el s revibacillus
Aci net obact er sp. m croorgani sns and Brevi bacillus B
sp. mTHodtgaf NSy thedt fefte ZEHE GG Satg i ing

sai d aguepus shuts@e Whi Lg1proxhdi ng1Q 1gubst gtd-ald g
aerobic conditions in said treatnent zone during at

| east Sprstaoftisadily exqpusiing el ttieons dduca itchd: rerdusmt
of sahg)QyQéggarbo s .,Jn said aQHﬁ%yS olutian. 1 2.to
A prod®¥E SN fid 15T HFRT Wi PR PR dUEsUS
sol ut irehice Waher . arfburfs PHECESSi @S hldaioredtonsCl ah Mshid
wherein said Bacillus sp. is selected fromthe group
consi SKIURPIDF PB4 | us | entus, Bacillus

nmegaterium Bacillus pum lus, Bacillus cereus,

Baci | lus subtilis, Bacillus sphaericus, and Bacillus
I4.chefi f procsss 4as Aciredoesls &8 ctlaimed lin ehetreind, said

wherei n said 25 Ag}netobact%r sp. is selected fromthe
groupaqueous solution 1s water.

3. A process as claimed in c¢laim 1, wherein said
Bacillus sp. 1s selected from the group consisting
of Bacillus lentus, Bacillus megatérium, Bacillus
pumilus, Bacillus cereus, Bacillus subtilis,

Bacillus sphaericus, and Bacillus licheniformis.

4. A process as claimed in claim 1, wherein said
Acinetobacter sp. is selected from the group
consisting of Acinetobacter  haemolyticus and

Acinetobacter baumannii.

5. A process as claimed in claim 1, wherein said

Brevibacillus sp. is Brevibacillus brevis.
6. A process as claimed in claim 1, wherein said

biofilm further comprises one or more

microorganisms selected from the group consisting
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consi sting of Acinetobacter haenolyticus and

Aci net obacter baumannii. 5. A process as clained in
claim1, wherein said 30 Brevibacillus sp. is
Brevibacillus brevis. 6. A process as claimed in claim

L vheri n ;83 ool | GL1UrtROLLCOMY i 58S ONE Al dipifer

n1croorgan|sns sel'ected fromthe group nsi st ng

of Psewgonorast go.calbigeters apsp., Arthrobacter sp.
and Al caligenes sp. 7. A process as clained in claim
6, wherein said 5 biofilmconprises one or nore

N/Cr 00Mgapk8ABssSe £CLAG ife@M §He ArPUP GQNSHSd+&th Ofsaid
Pseudononas aer ugl nosa, Pseudononas st ut zerl

Li st er Pdofgddl i gemiprifaRe Al ea¢i gelies Hwoac@calrfi@nw@amsms
10 8. AAL g:%%%s ?éﬁ'@%%ﬁ&r{;ﬁ% S{%'ﬂ@l%?:lﬁ?]n%“ H AN, Jomonas

bef ore "sai d exposi ng ep o oviding a

pl ur al iateyruafi reigapor t 9ubaubabﬁammtrmﬂusﬂ$ﬂl tredtimmaria
zone for grow ng said hiofilmthereon. 15 9. A process
as cl ai Lg% Idir a8 -N%%%%9QQ@ﬁMQ§eQ?J&ﬁoFﬁpe .
substrates are selected fromthe group consisting of
ceramc, plastic, cloth, fiber, mnmetalloid, crystal,
pél-ymed, @lr@;cesgep'aal i tbaimsd| i ta, ¢b¢:’dspallr,, SOMpPEiitse iy,
al umn eal i te, Iass titani i_rconium
oxi de, %ngrgoﬁgl cg én n&ﬁﬁ%ﬂmﬁ%ﬁlg: fﬁi?@gﬁldﬁgg a
A processiras iekai nee | Bupbairm 8, sy eitesal ditBupporshid
substrates conprise 15%to 55% vol une of 25 said

t r eat MERCAEHREL E PneAfﬁFoéé§§l§§ élraicnPdoifd Ley &hareon-
wherein said exposing step is perfornmed for a period

of 12 hours to 168 hours. 30
9. A process as claimed in c¢laim 8, wherein said

support substrates are selected from the group
consisting of ceramic, plastic, cloth, fiber,
metalloid, c¢rystal, polymer, clay, sepiolite,
silica, feldspar, sericite, alumina, zeolite,
glass, titanium oxide, =zirconium oxide, silicone

carblde and combinations thereof.

10. A process as claimed in c¢laim 8, wherein said
support substrates comprise 15% to 55% volume of

said treatment zone.
11. A process as claimed in claim 1, wherein said
exposing step is performed for a period of 12

hours to 168 hours.

12. A process ‘as claimed in claim 1, wherein said

treatment zone is leocated in at least one vessel.
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12. A process as clained in claim1, wherein said
treatnment zone is located in at |east one vessel. 30
13. A process as clainmed in claim1l1, wherein said
treatnment zone is located in a plurality of vessels

i?ﬁeriie%ufo'déis% FLow. B, fl g AR OE@S§$mas, Cl %@?}gih” said
claim 1, "wherein Sai dtreat ment zone is 1ocated in a
pl ural itgatofientvessals |iis patatdetdflimd &1 opluddliy of

process as clajmed in claiml, _conprising, after 10
sai d %Py et gt%b& of19%cycl i ng said
aqueous solution into said treatnent zone for further

eﬁgosi ng said aqueous solution to said biofilmto .
ther ey fomodess reducelaieedingunt cbgimsgid wherein said

hydr oc [,h sai.d aqueou e} 1 od
for fd?%?%gé%ﬁgicé%q%wggﬁprf%éﬁgg%t ?%as% 1%%%€%?F%£e of
fol | owagsal <riongard Sl Bacid | fowp.

m croofr gani sms, Aci netobacter sp. mcroorgani sns and
Brevi bacillus sp. mcroorgani snms, in a 20 treatnent

ZpNe, B3 eh B N0L COMPIhSh NGO L8 8 EPS cOhpr{fing, after

providing a plurality of support substrates 1n a

t reat nentd zemposiby seeedng e dspepr abf t yeofycdapgor said
substrates 25 wi.th .said.at |east one_of thetfol | ow ng
mi cr odtYarT Eirs S BAGHH Us H5C mséﬁgorgﬁﬁ%%? zone  ror
Aci netobagisf SRpoRiieno0sgani sapusdits Breavithasi | kys said
sp. m croorganisns; (c) growing said at | east one of

the fdtidiiy t80 ticgredr ghnrsher meduqausthp. amount of

s AR e 1o S B ARG o

16. A method for forming a biofilm comprising at least
one of the following microorganisms: Bacillus sp.
microorganisms, Acinetobacter sp. microorganisms

and Brevibacillus sp. microorganisms, in a

treatment zone, said method comprising the steps

of:

(a) providing a plurality of support substrates
in a treatment zone;

{b) seeding said plurality of support substrates
with said at least one of the following
microorganisms: Bacillus sp. microorganisms,
Acinetobacter sp. microorganisms and
Brevibacillus sp. microorganisms;

(c} growing said at least one of the following
microorganisms: Bacillus sp. micfoorganisms,
Acinetobacter sp. microbrganisms and
Brevibacillus sp. microorganisms, on said

plurality of support substrates; and
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plurality of support substrates; and 31 (d) aerating
said treatnent zone during at |east one of said

seeding step (b) and said growing step (c). 5 17. A
method as clained in claim16, wherein said seeding

step (B)y)Compnl:$6% LXROH NG SR “£é‘£étéiur9flgs%mp‘¥etast

substrates to a sol'ution containing said at ast one
of the foll enieng fimsaridorsgauiisns stEp Badi lanus ssp.d growing
m cr oor gani sis, Qcinetobacter sp. mcroorgani sns and

Br evi baci | | §¢8p.(% i croor gani sms. 18. A nmethod as
clainmed in claim 16, wherein said 15 growing step (c)

is perforned for at |east 30 mnutes to 90 m nutes.

19.7 A npthedhes i 6BEimRaC! 8hMcGirf Ulheryherein said
conprising the step of: 20 (e) adjusting the pH of .
sai d t regdiagt steive (bdudomprdtsdsegsosiadofsagal gplurality

di t ' i t \
Formt o Sr88ty MRS SN Ract el (Rord © RRIE A n
range ehipHal tleapt the 25 Zhe Agmidid@asiclraiorechnisms:

claim 16, further conprising the step of: (f) dosin
sai d biP§AHAAR t KPa sBRGEOE 930S IS K G PP SFastsP -

one of ke Lokkowispg 30 mhgyoor gankspsipfacihys sp. sp.
mi croor gani sn8, Aci net obacter sp. m croorgani sns and

Br evi badiclrloeg ggpismiser oor gani snms, to increase the
m croorgani sm popul ation of said biofilm 32
18. A method as claimed in c<claim 16, wherein said

growing step {(c) 1s performed for at Ileast 30

minutes to 90 minutes.

19. A method as claimed in claim 16, further
comprising the step of:

(e} adjusting the pH of said treatment zone
during at least one of said seeding step (b)
and said growing step (c) to enhance
formation of said biofilm, wherein said pH is

in the range of pH 3 to pH 10.

20. A method as claimed in claim 16, further
comprising the step of:

(f) dosing said biofilm with a solution
containing said at least one of the following
microorganisms: Bacillus sp. microorganisms,
Acinetobacter sp. microorganisms and
Brevibacillus sp. microorganisms, to increase

the microorganism population of said biofilm.
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21. A nethod as clained in claim20, wherein said
dosing is undertaken in a dosing regine conprising
appl ying said solution containing said at | east one
of the follow ng m croorganisns: Bacillus sp. 5

MLl 00k OqRitsIRy AS! NeLLRACK €N nSPc1 A1 & 0 9aRhele i nanghid
Brevi baci |1 Us sp. microorganisns, to said support

substr@@&%ﬁ%rﬂ$fﬂﬁd@ﬂ@ﬁk@m eweadeSdagsr$@ﬂm¢oummprising
nont hs

2.
Thor o 4PRby 9 pRelfl (Ronitifh ot aihia Bt atect aet

fromthee @roupeCERINBIAinG Qﬁlcﬁ&%ﬂdéﬁén@'}ttﬁaC1llus sp.
Bacillus negaterium Bacjllus pum|us, Bacillus

cereu§“10¥ERﬁQQQ&§@ﬁﬂn|AQ%ﬁquﬁﬁCﬂﬁué §phadhigERorganisms
Baci | | th of

23 A B ol S o e TRl o e e e SR gy g satd
Aci net Dozt et subsusamﬁéemmeUhérnmmgaeogr$m¢my 7 days to
consig%h%g of Aci netobacter haenol yticus and 20

Aci net OBHC & Biimannii . 24. A nethod as clained in
claim 16, wherein said Brevibacillus sp. is

Brevibacillus brevis. 25 25. A nethod as clainmed in
ctai mAemehedei as sdilh indf ilhm ¢Lainerl @onphpsedn said
mcro l e u IS f
T SCEBRILAE 35! SRLEd LGNS BLOLE SONNIS I A0,R ene
Al cal igengs S@nsnﬁtndag:ordmf n%a@ﬁlﬁ@erﬁ@ﬁtu§p 28acAllus

nmethod as clainmed in claim?25, wherein said._biofilm
conprr@ﬁ%??ﬁ%#%ﬁ'rnﬁ%?%ﬁ%#%oﬂ@@ﬁ%%%%f s et - f roRFuS .

the grgup; LONST shbRg 19k PSJ%@PI‘PIE‘QS sphae38IHg! N0B&x1 1 1us
Pseudononas stutzeri, Listeria seellgeri, an

Al cal i eresn faeual 3 5 atrgcbecdmblmlommtthefrmomse in
treati ng an aqueous sol ution

23. A method as c¢laimed in c¢laim 16, wherein said
Acinetobacter sp. 1s selected from the group
consisting of Acinetobacter haemolyticus and

Acinetobacter baumannii.

24, A method as claimed in c¢laim 16, wherein said

Brevibacillus sp. is Brevibacillus brevis.

25. A method as ciaimed in c¢laim 16, wherein .said
biofilm further comprises microorganisms selected
from the group consisting of Pseudomonas sp.,
Listeria sp., Arthrobacter sp., Alcaligenes sp.,

and combinations thereof.
26. A method as claimed in claim 25, wherein said

biofilm comprises one or more microorganisms

selected from the group consisting of Pseudomonas
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5 cont ai ni ng hydrocarbons, the kit conprising: (i) a
sol ution containing at | east one of the follow ng
m croorgani sms: Bacillus sp. mcroorgani sns,

Aci net obacter sp. mcroorgani snms and Brevi bacill us

sp. 10 JB,6/093aN1 STSpscalahbea0f f oG & biof ifliMeria
on support “substrates and reduci ng the anount of said
hydr oc aegdrigeini , sand ddwedigenss| daieonliandypei Y 1.
instructions for seeding said support 15 substrates
with said solution under conditions to form said

bizaf.i | @ apdt r exbiceuskhei @amauts tafgsakd ey beds uitAon
said aqueous solution. 20 28. A kit as clainmed in
cl ai m ZPntpdpiRer hygrprrsPRgSa tE6| kit ofCBBRLALREAg

M Cr 001 g3Ni ST SALEELET JhRminiAg JLOUR LARST SHLNG AT the
Pseudononas sp., Listeria sp., t hr obacter sp.
Al cal i genes fsplpwand comisnmatigans drtser eof Ba25128s A sp.

kit as clained in claim?27, furth r,congéisin one or

nore additi VeST8PTARPEPBRrs, wher ECR2EAPHACERE or nor P

addi tives opjpubbirgRh$sAke capabl e ol -eRRaRGIINGst he sp.
grow h and biofil mformation of said 30

m cr oor gani 84S reargandsesl ucepadle3®@t Axining el pipddln

inclaim27,_further c LiSi n [ te pH
buf fers to SAnSHCECFS: Aabrsacor® Sa0qZBibPiia oy apount
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substrates with said solution under
conditions to form said biefilm and reduce
the amount of said hydrocarbons in said

aqueous solution.

28. A kit as claimed in claim 27, further comprising a
solution containing microorganisms selected from
the group consisting of Pseudomonas sp., Listeria
sp., Arthrobacter sp., Alcaligenes sp., and

combinations thereof.

29. A kit as claimed in claim 27, further comprising
one or more additives or nutrients, wherein said
one or more additives or nutrients are capable of

- enhancing the growth and biocfilm formation of said

microorganisms in said sclutions.
30. A kit as claimed in claim 27, further comprising
one or more pH buffers to enhance formation of

said biofilm.
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31.

A kit as claimed in claim 30, wherein said one or
more pH buffers are capable of maintaining the pH
of said agueocus solution within a range of pH 5 to

pH 9.

35



