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TREATMENT OF HYDROCARBON-CONTAMINATED AQUEOUS
SOLUTIONS Technical Field 5 The present invention generally relates to
the treatment of aqueous solutions, such as wastewater, contaminated

Wi By RSO QNS SHBRGSRGIIE R Siud@ e Bask iIhb e ASHEBYS oNS

solutions, such as water, are commonly used in various chemical
processing industries, such as the petroleum industry. Inevitably in these
chemical processing industries, the water becomes contaminated with
hydrocarbon containing compounds. For example, process 15 water is

used in the petrochemical indtREYFSPIridlis®aPplications such as

generq_htg}g steams gleaning yessels-and ag.a splventin vatiosdnit o the
operations. The water becomes contaminated with oil and other

etrdeRemtical Compdinas stich 38 pREAGT BenzeMeCtbludtie, Wastewater,
&thylbanzene: 20xviene, ketonasrsyslehexanes, alsopelsand-ratated udqge .

petrochemical derivatives. This wastewater must be treated to remove

the oil contaminants prior to discharge of the wastewater in order to

comply with environmental regulséeiykgeguiraments. 25 Conventional
processes for treating such contaminated wastewater typicall rr%%uir an

initial &%&%?Sseﬁﬁi%ﬁ%‘%ép, stidfris @I’?’em‘f@éclep?écié?a |or¥O only used
sedimertation anthdissalved air flatation {PAF)ntoremaves hydsacatbons the

contaminants from the wastewater. Such 30 separation systems require .
%?g%‘ﬁ??a%‘t%put%rb?\é%?gy‘ which resiilfe %naf?lg% treajltrrlnenf% tgoes?s? Ctlemical

Riclagicalitieatinent or *hieremediation thas atso-deen usedifemtreatingl with
}E%grocarb%n contamugated‘ Wastewaterugg%o“glcal ggfatment m

nﬁ%%%%ﬁa COnTaining  Ccompo example, process
water 1is used in the petrochemical industry for wvarious
applications such as generating steam, cleaning vessels
and as a solvent in various unit operations, The water
becomes contaminated with oill and other petrochemical
compounds such as phenol, benzene, toluene, ethylbenzene,
Xylene, ketones, cyclohexanes, aicohols and reiated
petrochemical derivatives. This wastewater must be
treated to remove the o©il 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 dissclved 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 “bhioremediation” has also
baen used for treating hydrocarbon contaminated

wastewater. Biological treatment may comprise an
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exclusively biological treatment process or a hybrid chemical/biological
treatment process. Many of the exclusively biological processes rely

primarily on the use of enzymes and bacteria that occur naturally in the 5
wastewater to biologically attack the hydrocarbon compounds by

breaking thehy dowhdatogicrfoxict constiteerits. Woweversdueto the hybrid

8?%8&1‘85%“/%9‘@% jent, in which.these micrqorganisms pogggq;pns TSt the

not only survive flourish in order to be effective, known 1

biorémedietibyi procdssesraleibeendiffiedlt tordustain lamd implementhe use
Furthermorg. such bipremediation.processes may, stimuylate the growthiof o

pathogenic organisms in addition to the growth of the desired benéficial

Wirodgdigms. 15 Hybpitlwasgéwatet freatriéhttbcessdss on the ditsegarbon

banpd havesmany of the,environmental gndcost @@\Wp_aCksi Rﬁ&h?”}j&ﬁlwtoxic
treatment processes. Furthermore, not only do exclusively biological and

RBIid ireffét-prolesEese fequiti extehdel Fet@AliGR tilREHH g1 v i ronment

wastawater 2Q treatment facility forthenvastewaterde bedecantaminated on1y
to an acceptable level for discharge, such systems are also known to be

Stsceptible Wiailufe; Kiowit as “ShoBGiHGE wieh sibSjectebtBHigy s, known

loagingsedhete isa neesdeprevidera processdar thg 25itreatmemtof sustain
ous solutions, such as wastewater containing hydrocarbaons, that

aque ‘
‘89§rc&r%% P e least Ahieliotates fone ™t toré of i GidadVaritige’” °°e55es
describedi above.cThergds aqeed o pravide psimplgandcosb@nisms  in

e et it g o el e, Progess L4 Pl s
microorganisms.

Hybrid wastewater treatment processes, on the other
hand, have many of the environmental and cost drawbacks of
chemical treatment processes. Furthermore, not only do
exclusively bioclogical and hybrid treatment  processes
require extended retention times in the wastewaterxr
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 subiected to high loadings.

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

There is 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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2 Summay i The presentinvention relates to a n_oyel bioremediation
process for treatment of aqueous solutions containing hydrocarbons,
such as wastewater generated from 5 petrochemical plants and .
petrochemical storage facilities. According to an aspect, there is provided
a process for treating an aqueous Sffteontaining hydrocarbons, the

procesBheomprisirgstherstep Qh@@)p@i%gfﬁsﬁlid agLIeQus ssolutle&:n ts a, novel
jQfilm comprising at least two of the 10 following microorganisms: _
%e%%%ges%?f ﬁ%?&rfa%?ﬁ%? S ASiREtoBcRE SpeRficradrgameamumdsolut ions

Bretibavillug spymjommrgamisms,gtéaﬁregg;r@gg%gﬁé;@%%it%%% %’?'qug% d from
AU lution while providing substantially aerobic condi aid
treatr%%%tg %’r%ea guﬁn& At eadlPak B GG BXF6ding sRPErrefacd et ies.

amourt@fsnitt iydrocarbonszigrsadst aqu@?%s:%olqgg)npé%gp%lgg@ Q process
t there is provided a_method for forming a biofilm
%%Qﬁgi(%%%% [gas%?wc? é)%l the Tollown fc?@or&é’rﬁgﬁéﬂBa&lld?sY% ocarbons,
YhRropEqRifSAS, CRMATInEtolgactaresp. miegmotganﬁmd g(egg)gt%llllé%ueou s
icroorganisms, Ip & treatment zone, said method comprising the

i?épl)‘? gfé%a)%?ro%i&%& @ala&lrﬂraﬁfff/n Bf Slppott Edbsifas ir?‘éic_’tr%atrﬁ fit

TRNECYS B) seéding et pllsaiity of su mrortisuhsirate With saicbal gast; sms,
ing mjcro i . _Bacillus sp. microorganisms,

Aﬁ:?nﬁé[g%%(%%% n%%r‘oo%%%}s}%gga a'BraliBacifith sp%ﬁfﬁ?&&‘@ﬁﬁé&@ Sp.

TEF GRAFAGRARTEleastiwo af thé fes wirgn30 micsaergarisms: Bagys said

aiﬁaé@ﬁ@orgéﬁiﬁ@:?oﬁ‘dQﬁrxq_qaé:terproviding substantially aerobic
conditions in said treatment zone during at least part of
said exposing step to reduce the amount of said
hydrocarbons in said agueocus solution.

According to another aspect, there is provided a
method for forming a biofilm comprising at least two of
the following microorganisms: Bacillus Sp. microorganisns,
Acinetobacter sp. microorganisms and Brevibacillus Sp.
microorganisms, in & treatment zone, said method
comprising the steps of:

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

(b} seeding said plurality of support substrates

with said at least two of the following microorganisms:

Bacillus sp. "microorganisms, Acinetobacter Sp.

microorganisms and Brevibacillus Sp. microorganisms;:

(c) growing said at least two of the following
microo:ganisms: Bacillus sp. microorganisms,kAcinetobacter
Sp. microorganisms and Brevibacillus sp. microorganisms,
on said plurality of support substrates; and

(d) aerating said treatment zone during at least ocne

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

3
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sp. microorganisms and Brevibacillus sp. microorganisms, 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

Accorgding to yet anpther aspect, h§re is provided a JE(t for use in treatin
an anggé%sr %%fb%or? %om%%inagn t%/ r%%ar%gﬁ)s??ﬁé ki %Sﬁ]%riéiﬁg:gtﬁoa”%ed a
kdglutibnrcomtamingrat leasetviongf therb fellpuingmicrosrgariisms: Bactkisning
hg%rngl&rl%%rggg|’_sn]CsheA(I:{|Jr_|\eE;[oé)g?g%eI[ Sp! rltlja:c;c:rporganlsms and Brevibacillus
p. microorganisms, capable of forming a biofilm on support substrates
and reduciagsheameunteirsaid hydmpcarbdnsint saidcaguiedusssolution,

Q (i instructions for, ing said, suppost substrates with said :
f%olil%éonl %)ﬁdeyEl gﬁ%ﬁ%ﬁ%at%q%?ér% said%%fﬁlr%qgﬁsd redice ti%lgrlf]%aﬁggfusm'
Ashigeydivratisohs BosaidBioeoas Satutions15 BednitiBns vEie tolldwig  sp.

wards Hg}ﬁé]ﬁsegg gqglighag@av? . meaning.indicated: The term
m"chemci>ca oxidation dem‘%n‘d" or "COD",?N%\Wﬁse% inbé(?n%nie%ﬂonevr\}ithsélr? port
saqucotstsHlutiod refedpithe 20 fotaxrididablieimataridl pretentarthens in

aqueaussolutions Theoxidizablg material may be an organic or an

inorganic compound. The cob may be determined by various methods
known(initheldie F6ekanple Ushig AReAcArISsHdt) feluesting angstrates

Wiaierigls(ASIM) fest Methoeb b 123481 .45 A he iggm siegiment's and =45

grammatical variants thereof, when used in connection with an aqueous
agluticpAeBRtaiiifig AP@isEartnss feléts hy areastpatial degrmiadonabeous
dbehydrcarbon compounds contained

Definitions

The following words and terms used herein shall have
the meaning indicated:

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 various methods
known in the art, for example using 2Zmerican Society for
Testing and Materials (ASTM) Test Method D 1252-67.

The térm “treatment”, and grammatical variants
therecf, when used in connection with an agueous solution
containing hydrocarbons, refers to at least partial
degradation of the hydrocarbon compounds contained
therein. - For example, the treatment may involve
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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therein. For example, the treatment may involve 30 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
amenablezfortdisposat. @<The’ term Ctoxic” rtefers: to asulistance osmateriadrial

whichis gapable of.Gausing darmiagep e environment or, Causing. o o
amage to livin organisms, severe iIihess or,1n extreme cases, dea
@henlingested:dnlalad, of absorbedr§byitheskin sEive termiaerate’s and, in

gtammatical yariants thereqf, refers to the introduction of an,oxidant, such , . ,

as air or some other oxygen containing gas, into the aqueous solution to
b# tldated 8 ito the treatment zone within 10 which treatment of said

aqueous,solytion.fakes place ~ The,tesm ;mixgd quitug” refers 19, a cultyre, . o ¢

composition comprising any combination of microorganisms in a culture

. Tie ddifbinatigrPRiay becbinary on terfigilentontaincdnyas air or
Bumber ofiipdividuglspeaies i, AbStraing, or ?r;oékt?in cefls of divergent, . qous

species. The word "substantially" does not exclude "completely” e.g. a

E6mposition Whichss stiBidfiaRy fré&tront Yemay Be EBRiplet@lyTifeewithin
ey, Wihese reacessarys theiwerh csubstantally imay beomitted from

20 the definition of the invention. Unless specified otherwise, the terms

"comprisifig” &t TtompfisEehnd Giamiical vafaRtetherbsf, are culture
tended toirepresents epenher "melusivenlanguage such rthatitheY o rganisms
include recited elements but also permit 25 inclusjon of additional,
ﬁ&eéﬁe&@&*ﬁﬁﬁsfﬁe lum. The combination may be binary or
tertiary, or contain any number of individual species or
strains, or contain cells of divergent species.

The word “substantially” does not exclude
“completely” e.g. a compositien which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.

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

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

Throughout this diéclosure, certain embodiments may

be disclosed in a range format. It should be understood

5
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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 30 stated value,, more typically, +/- 2% of the stated value, even more
typiehlly $he19 deferdtatedovalué randeéveare more typitallyle/- 0B% oty for
the stated value. Throughayt this diselosyre, eertain embodiments WAy, as an
be disclosed in a range format. It should be understood 5 thatthe
deseliption frangéMeéimatistnerely fok féonverieRte afd bréviy arff sclosed
showdd:Bot he-eonstruegias, an: iaflexible imiation, on the;scepe i the cuid be
disclosed ranges. Accordingly, the description of a range should be 5

HHRTETEd T5ihave Speicaly didciosetldll Réioseiie stiblrahies agssible

welhas ndivddual sumenigal ¥aluaswithing that ranges Forgxampleues within
description of a range such as from 1 to 6 should be considered to have
Spefficdif dfcloSEd sUBFAHYES 'sudt 85 Front 138 3ot 1 F8RIF0 FYRD 28
Iftoch, from 240 4 freme2i10:6, from &:ie<A tereas well asdndivigyalcifically
nymbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies
BERISAT! (R BT RIRE 18 ahad A5 ieiloshret 8t Optondion. L~ to 4,
Embadiments Exeniplary, Aon-dimitingfarabodiments©f amovel pracess etc.,
for biorerIl diation Ofna}{]i%qlﬁ%%ﬂs scr)llgti n,rsSuch astg/vaste\é/ﬁlt r,
c%%taiﬁl%g yc?r%carlbons Wilt how be disciosed. ‘Theré is prov"f1 ed
pracegslfer tréatiriy arBaqueous, 2@sdlution Tontainipg hydrocarpnsithess of
pr ce%sr%%rg;gﬂsig% t ﬁest%rqugxposing said aqueous solution to a

biofiim comprising at least one”of the following microorganisms: Bacillus

sp. microorganisms, Acinetobacter sp. '

gange, for

Disclosure of Cptional Embodiments

Exemplary, non-limiting embodiments o¢f a novel
process for bioremediation of an aqueous solution, such as
wastewater, containing hydrocarbons will now be disclosed.

There is provided a process for treating an aqueous
solution containing hydreocarbons, the process comprising
the step of exposing said agueous solution to a biofilm
comprising at least one of the following microorganisms:
Bacillus 5p. microorganisms, Acinetobacter sp.
microorganisms and Brevibacillus sp. microorganisms, in a
treatment zone containing said aqueous soluticn while
providing substantially aerobic conditions in  said
treatment zone during at least part of said exposing step
to reduce the amount of said hydrocarbons in said agqueous
solution.

In one embodiment, the agqueous solution is watern.
For example, the water may be demestic 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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microorganisms and Brevibacillus sp. microorganisms, in a 25 treatment
zone containing said aqueous solution while providing substantially
aerobic conditions in said treatment zone during at least part of said
exposing step to reduce the amount of said hydrocarbons in said

agdeatss selutian. 3008 one embediment sthe AQUeAUSHSOIUtionis Wadert 1ally
For example, th§ water ma??{1 be domestic or industrial wastewater c
%glﬁt%ﬁi"fﬁé) Bydr&tAibon CBMpolinds. TAEDroSeis'may De perfdtm&firs  or
treatmentizong. Thedreatrment zene may betecateddn atdeast ongne during
vgssel. 6 The vessel may be a closed vessel having a substantially

the procaess. . . .
|mpe|§)/|ousebase and wall and equipped with means for controlling

conditidhe withimrthe freatmenttzonelduringt the process: 5 Theumigansfer, may

conTllg te plogess cppditions, may. lnclude 3 egntroller for contfolligg, ¢
at'least one of aeration, pH, temperature and nutrient supply of sali
agquedusselutioh withinsailtedatment zotde. Whileithe tvolameodfithecf  said

yerpel may depend gn tﬁ%"éﬁ%‘rﬁ“‘?é‘&@@“‘%&%‘%%‘?&?ﬂ“y [ANAes fofy 316 the

about 100 litres to about 1,000 litres. For example, the treatment loa
ffal B atsdut P80 litkess abouted20dities dbout 4104itres sabaas101load, it

liges, abpyt, 630 iies. abeul, £50 ligss or ahoyt 930, lites. 15, Suliable. 1 go0
materials for use in"construction of the vessel may include galvanized
$tblel tainlEss steERTibE? glaSsepdhyanyehridé ogidstiesyinsladiagout 250

Tetlon or the like,The agueous salitionio e treated mayhe.anspeyted 510
20 from a reservoir and introduced into the vessel via a

ilitres, about 630 litres, about 750 litres or about 930
litres.

Suitablile materials for use in construction of the
vessel may include galvanized steel, stainless steel,
fiber glass, ©polyvinyl c¢hloride, plastics, including
Teflon or the like.

The aqueocus solution to be treated may be transported
from a reserveir 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-
Ci¢; and aromatics {(Cg~Csyz). Examples of hydrocarbons found

in suchk agueous soluticns include pentachlorophenols

(PCPs); polychlorinated byphenyls (PCBs); polyaromatic

hydrocarbons (PAHSs) such as naphthalene, anthracene,
acenapthens, acenaphthylene, and pyrene; polynuclear
aromatics (PNAs)Y; 2,4,6-trinitrotoluene {TNTY ;
nitrocellulose (NC) ; benzene, toluene, ethylbenzene,

xylene (BTEX); olefins; paraffins; iscparaffins; and other
encbiotics. The iInitial CCD of the aquecus 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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first inlet pipe, optionally controlled by a first inlet valve. Typically, the

hydrocarbons in such aqueous solutions may include combinations of

both aliphatics (C5- C36) and aromatics (C9-C22). Examples of

hydrocarbons found 25 in such agueous solutions include
pppentachlerophénols (PCPs)ppolyciiaiinated thyphanmdsa(PGBs);from  about

5 P&J}/{?rom%ﬁ%Q-‘/dafB%?P:?ﬁ'}so(Pms) Sueh as naphthalene, anthracene, ;. ; .y
'acena tﬁene, acenaphthylene, and Bﬁene; polynuclear aromatics

CEPNAs) @4, Batinibretoliens (TNT), 30 nittocellibse INC); befizensp, about

7 seng.elvibeneane, sdene (BT B0, Slefing payalfing. ropatafiins: #8d2s0
other xenobiotics. The'initial COD of the aqueous solution typically

PrangePhein difout 3000 ppmMto About 30 008 PhrirpMore typically, the

initial GOR rangasfromAbout 4,08Q 7-ppm 46, 2balt 1500, PRM ANdle. 1 re-
most typically, from about 5,(500_ppm to"about 10,000 ppm. For example

comelinitismed DR aRGE mdybelubbist 3,250 BeriuaBeut 51950 pie aborssel -
P 723080y 8BAYHS, 250, R about £3,250Ppm, Aoyt 16230 5 PPMpn  of

about 18,250 ppm or about 19,250 ppm. In one embodiment, the aqueous
LG |utiBATREY Be pfé-dtntitioned ribr t¢BEME WrodiiteBdntotHe vakddl. PH

piPrecenditioning typisadly involves agdjustment of pHAf 1 the aguepus of the
solution, for example using suitable pH 10 buffers, to an optimal level for

b hpdhotinggrotitis 6Pfhed Bl of MictosrgRARME Shderitimerfiation of

« idodegradationinthe hydrocashonspTypieal aptimakpl levelsor promoting
bﬁ%omoting biofilm growth are within the range agg)ut pH 5 to about pH 9.

FoxBmBRe e optimal ot My BE aboat i s AbbuF s pHE02R58t PH
9 pHrG: B, abouityot:7.0¢ BboutgH hb] abautpr, 8:2, ciiebaut piH 8:8. ®Onetbout

pﬂ“%&@?eggyggh%Me%¥%}hgggwgogﬁS?WH?“about pH 7.5, about pH
8.0, or about pH B.5.

Once introduced into the vessel, the aguecus solution
may be filtered through a headspace that provides space
for expansion of the support subsirates. Preferakly, the
headspace may comprise about 5% to about 15% of the total
volume of the wvessel,. 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 volume of the vessel. For
exampie, 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 volume 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 1in the central regions of the vessel.

g
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may be filtered through a headspace that provides space for expansion of

the support substrates. Preferably, the 20 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

e fasgbll Most prefesalplpcthe heatispacetcomprises abeut b ctotabalits to

%, 0f the.total volume of the vessel, For 25 example,.the headspace
grr11g‘<'§1{/u({?omhé??@e a%lgut AE)E, abtou% 7§/o, ggg&tné%m, gg‘out%&%, about’ Yo, More

aboleTd®wl aboutl2%: @sza@rus%mab@mﬁw/s ocabgutilsds eftheitotdlss to
yolyme of the vessel. After fijtering thrgygh the he d%%%ce_%%g% ee.ous Most

30 solution may be permitted to filter onto the biofilm growing on
P&ty 07 suppdrt substrasProviddd Witiie Said treptmient zohetfdr 30% to

Qruing sgid byefily, Ihe suppor sybgirates-arefypicallypasitioned o a6,
approximately in the central regions of the vessel. 8 Preferably, the
‘SuBpSTEBHRstFates BSHPASE AbBIt 15961 absat 55% of theltotal #bleate 25%,

abthe vessel. Mere, preferably, the,suppest substiatescomprise.ahout sos of
25% to about 45% of the total volume of the vessel. Most 5 preferably,
RS stippoit stibdtiates @bmphige WBBEE30% to about 40% of the total

volumepktheuessel Ferexamplec hgSURPORLSUDSHBISSIMa-CoOMRISE L of
about 20%, about 25%, about 30%, about 35%, about 40%, about 45% or

WBBUTEGR RO olhime S THe FesteP 16 Hhe supot2bbsrdtaserials
pravide suppes fos gremihiefrthe m@gﬁ@@rgfﬁgm%&?r%@fmm formation
Suitable materials for use as a support substrate for biofilm formation

TS B BH it o SLFrEfe pisato, CRAR™ fer Fudtdliohd,  CLoth,

thystal, polymes iclay, sepioliteystal, polymer, clay, sepiolite,
silica, feldspar, sericite, alumina, zaolite, glass,
titanium oxide, zirconium oxide, silicone carbide and the
iike, The support substrate preferably has a surface area
that is sufficiently large to provide maximum surface for
supporting 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
cre, and where plastic spheres are used, the particle size
nay range from about 3 om to about 6 cm.

A single type o©f 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 aqueocus
solution. The different types of support substrates used
may be of the same particle size, or they may 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
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15 silica, feldspar, sericite, alumina, zeolite, glass, titanium oxide,
zirconium oxide, silicone carbide and the like. The support substrate
preferably has a surface area that is sufficiently large to provide
maximum surface for supporting formation and growth of the biofilm. The

sR@patticle sizesefthe suppadisubsirate dypidally depends:on theymaterial  in

used. For example, where ceramic is used, the particle size may range .

R ot 8 CHERE RS ot e PR o R g udg i red-
rthe padicte size may rangeronialfdut:3:om ta gbeut 6cdm.2BAsingles are
t of support substrate or several different types,of support substrates .
ur%%gei/’beéﬁs%d?:ﬁéf)esragf?,yse%%ra? n%%en I}[fwe's oaf%%%gtrgtéé ’aréﬁagg 1:8,
atocenablé :atjustrhenttof thetsizeadithe infer-partieleopbres td prewertut  1:3,

a%lgﬁlﬁagle: gur'r{g g%%wequfhe aqueous 30 solution: The.different types
of support substrates used may be of the same particle size, or they may
be of Hiffereatypartitlewsizes. Preferably, thé differdnttypes Oisuppeisel may

piubsiales.are of differept payticlg,sizes, ;Uhe valymes tgken yp.by £a¢h ., g

of the different types of 9 support substrates may be equal, or they may
Y Fe HaHod Biet defend oA tive Mter-garficle pbiesiietiired AFpRetobacter

sgx.anmi% where tye different ypes-of substraies are sl;ss.edmt{@ﬂ@@;@g MVems,
e about 1:10, about 1:9, about 1:8, 5 about 1:7, about 1:6, about 1:5,

WAGGHR 194, @botib 132 1gbdet 4Pt &bout A : B INOpItrafidPefdiippdst to form
subsirates;in the vessel may be seeded with said at least one of the
following microorganisms: Bacillus sp. microorganisms, Acinetobacter 10

sp. mictHdrgaAicinslai BiBviba®iGE SPLATctéSHANIsMS I WhtdPgrowren SP-
rSaid-phuraliy PESUPREIE SubstiAles10/foIMs sp. microorganisms useful

in the process are those that are capable of degrading
hydrocarbon compounds. Preferably, the Bacillus sp.
microorganisms, Acinetobacter Sp . microorganisms and
Brevibacillus sp. microorganisms are capable of forming
biofilms. Such microorganisms may be isclated and
enriched from the aqueous solution to be ifreated. Other
micrcoorganisms that may be useful and enrichment methods
used to increase micrcbial population are well within the
ordinary skills of those knowledgeable in the art.

Advantageously, mixed cultures of the Bacillus sp.
micreoorganisms, Acinetobacter sSp. microorganisms and
Brevibacillus sp. microorganisms are used in order to
obtain a brcad spectrum of Dbiodegradability. More
advantageously, the microorganism species may be tailored
for treatment of different compositions of agqueous
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. microcrganisns.
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a biofilm. The Bacillus sp. microorganisms, Acinetobacter sp.
microorganisms and Brevibacillus sp. microorganisms useful 15 in the
process are those that are capable of degrading hydrocarbon compounds.
Preferably, the Bacillus sp. microorganisms, Acinetobacter sp.
Imicreorganishesrand! Brevibatillusrsp: mickodryanisms adercapatple ofmay be
Jorrning. piofiims,, Such micypgyganisms may be jsolated and 20 gpriched .,
from the aqueous solution o be'treated. Other microorganisms that may
Tecddeftitan@ eadéhméntimetRads lused tairerédse micketiallpopulatichreus ,
e wellwithin the. ordinary skills,of fhase knowledgeaple inthe art. g, ;) 7y

Advantageously, mixed cultures of the Bacillus sp. 25 microorganisms,

INGRSBBACEF 86 - micidbrgatistid akd BréwBAcIRSsp. Ribro8igemitms  the

e visedin order tgobtain a bread spectruayofibiedegradability, More 5 1y of
advantageously, the microorganism species may be tailored for treatment

A5t Ui BRECSRposiliBREBL EGA&HIR  30PSblutimd! fif 6ke ehtbbditianmannii.

the pracess comprisgs dhe stepiofeadding-a-solutioncomprisingatleast:s sp.
one of the following microorganisms: Bacillus sp. microorganisms,
IRCiRABBALRF sp! Hiicf¥otddrisms and Brevibacillus sp. microorganisms.

10 In a preferred embodiment-saidBacillusisp: May;be isalectedfromtben a
t%{o%p ]consistin%of Eaci u%!gentus, Bacillus megaterium, Bacillys pumilus, .
Adiifug cereus” Batitlts stibtilid, Badilus"SPHRERETY, arftfBablitGd §organtsm
dicchenifermisdn anotherpreferred empodiment; the-Acingiebacternsplis the
selercted from the group conshsting %f g\cin%{ bacterthaemol ticus and Th
“Reinetobdeter Batmarnnii Ty ygtr another Bre Eifed embodimént The™® - ©

Brewvibasillas sf. forming a biofilm is that the microorganisms
will be more resistant to the inhibitory effect of the
toxic compounds in the agueous solution.

The biofilm may further comprise one or more

microorganisms selected from the following group
Pseudomonas sp., Listeria sp., Arthrobacter sp., and
Alcaligenes sp. In oné embodiment, said biofilm comprises

one or more microorganisms selected from the following
group Pseudomonas aeruginosa, Pseudomonas stutzeri,
Listeria seeligeri, and Alcaligenes faecalis type II.

The selected microorganisms may be combined with
cther 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) toe about 60% {vol)

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

microorganisms and enhancing their attachment to the

11



10

15

is Brevibacillus brevis. 10 In one embodiment, the microorganisms may

form a biofilm. A biofilm is a community of microorganism species that

forms a slimy substance that enable the microorganisms to anchor and

adhere to a surface. The advantage of forming a biofilm is that the
TARFEGTganisAis 15 WiEBe nidretebistart i diecibhibitobyeffectidfthecy and
dexiccompapnds inthe agueeus solution. Jhe piofilm may furher 443t ives

comprise one or more microorganisms selected from the following group
TP3eudbmbREE sp L Biststiesy., Adrdobacter spl SHEE 26 AlcafgeHasags in and

nRieemRbadimant gaid bighim camprisesnong Or MK AUCIEOIIRNISMSr)  and
selected from the following group Pseudomonas aeruginosa, _
hgHES stUtPBf? Listéria S&dlighliaand ARafigenedmieedls typeipitan

cEhe:selecied micsogrganisrag may be spmbined with 2% ethetingredighisa iy
to form the migroorganism solution. The microorganism content of said
TRfetestganism Solutio may - CoRfstetHbbtH3095 (ioj-fo Rbout P0% GEnCe
nicredrganismsoaout 40% (ol de abaut&l%{volh Micerganismsi ohrates
(aboutt145% %\gjcl)g to about 55%&\}/0% 30 microorganisms in a microorganism
cliftre. Theother fifgredieRtehthe nidroorganismi SofttiRrmayc starch)
ogdmeprise- additives andmutdents for-the microerganismslithat are-wseful  and
fgr B%or’%cit'ng 9{9\{‘@ agd stabilitg of thF mi roorsganisms and enhancin% 1t
Sh&iF attachment to'the L1 Support subsirates fherdby enhahaing the® ~a1ts
sgfficacy and dfficencyfitie bipdegradaton pyecess. Thetadditives paay one,
incl bjological catalysts (such as oxygenases and monooxygenases .
db‘ﬂﬁl%fgeggg (s%%%qa%%gh%%%%gteégﬁfeﬁ)l and séfjrrlfa%fé% safs%sé ‘as sorbi%am,m)gamc
qeolysoebates, sorbifan as magnesium sulfate, sodium phosphate,

potassium phosphate, sodium chloride, calcium chloride and

ammonium nitrate).

A typical microorganism solution may comprise:

Relative proportion

(%)

1 Bacilius cereus C 6011

"Bacillus subtilis C 601/1

Microorganisms

Bacillus lentus A 5019 ST
Bacillus megaterium B 5013
Bacillus megaterium C 6019
Bacillus pumilus C 5011 8T
Bacillus cereus C 5014

Bacillus cereus C 603
Bacillus cereus Z 508
Bacillus subtilis C 601/2

Bacillus sphaericus C 605

Bacillus licheniformis % b07 ST

NN N NN NN NN N NN

Brevibacillus brevis 7 6030 pT

12
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esters and polyxamers). Examples of nutrients typically included in the
microorganism solution to enhance microbial growth and biodegradation
include carbohydrates (such as glucose, fructose, maltose, sucrose, and
starch); 10 other carbon sources (such as mannitol, sorbitol and glycerol);

hitroglemsources dsuchias geed, abdmonium salts, amino acids or ctude
qurorgeéns (}lggst %>g{latc£, e&%ptgn%f S i{] hydrolysates and rice bran2
EXTrac s“i; anginorganlc compounds %such as magnésium sulfate, Sodium
Iphosphate, 4&<pbtassiumBpHosphate, sodium chloride, calcium chlctide
nd. ammonium nitrate). A typi icroorganism solution may comprise:
%g(lj‘é%?\%{%goap%rf%nu %%rﬁlitcég}ogrégggr%ms Bacillus lentos A 5019 ST 2
Bacillmnaegateritnt B<501 32 @8dcillus megaterium C 6019 2 Baciflus
ARG 2003, ST, 2 Rasius caens G914 2 Badilus cereus C 03 2
Bacillus cereus C 6011 2 Bacillus cereus Z 508 2 Bacillus subtilis C
Agore bobagillas sbbiilis20601/Z 25B4dillus sphaeriqus C 605 2 Bécillus
Aichapifoinyis £:30%.5 12 Breyibaciiys previs Z 6030 PT 2 12
Pseudomonas aeruginosa A 6017 2 Pseudomonas stutzeri B 5012 ST 2
AlisiefidTeefigerf BBOAL'Z type IT 2 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, sald microorganism solution may be
provided in a kit teogether 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 aquecus scolution to be
treated. The kit may optionally comprise one or more pH
buffers that are capable o0f maintaining the pH of said
agueocus solution within a range of about pH 5 to about pH
9 to enhance formation of said bicfilm 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 carbonate, sodium bicarbonate, potassium
bicarbonate, sodium or potassium diacetate, sodium ox
potassium  phosphate, sodium or potassium hydrogen -

phosphate, sodium or potassium dihydrogen ™ phosphate,
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Pseudomonas stutzeri B 509 PT 2 Pseudomonas stutzeri B 6013 2
Acinetobacter haemolyticus C 602 4 Acinetobacter baumannii Z 6011 4
Acinetobacter baumannii Z 6013 4 Alcaligenes faecalis type 1l Z 6020 ST
2 Arthrobacter sp. C 505 PT 2 Additives Phosphate buffer (1 M) 1
sbkwirﬂﬁ(nts Yeast extract dASifisSodium chiorideilm7 Glucosedss7 Inpakfamic
. CZodlment 1§ald mlceraoorganlsm solution may be provided in a kit
Fojg 'therrbvlth mstructlons for seeding said support substrates with said
microdtganisicsotation Siundersconditions toifernpsaid dicfitmandept  ceol

reduce the.amount f said h dcro ar |n EQQEQ%GOH olutign e h
UHrested Lﬁ{fr%??n%? olp?%na y cogmpHrlse one or more p%gbuffersit%al?t a?g e
soa;pabie of mdinthirdricethe pi of shid agaiesusisolutiorf Withird gaingecepnism

Sgescn ot 5@9 gfg%gpfké%&qee@hqace{w@amQgﬁa'dfglpﬂlc—p 8Seriod of

For example, the pH may be maintained at about pH
ab & tabdOt PHISY,sholiPpRBS tabdtit BRIV SbotiPpl 75! &5dut pRiprort

S%QSQEQIE%@ PH 8.5, Fxample Eiis Of%aﬁlf%%% inglude: butare RALy be

limited to, sodium carbonate, otassium carbonate, sodium
ribarbepdtel PotaEsiurichieathonate, Sbiitith of Pofisitirfdiacetdterinutes,

30di4m e pafassiura phosphale S%bumﬁrrm{@%slurrh%w@gemo minutes,
phosphate, sodium or potaSS|um dihydrogen' phosphate, 13 sodium -

afrate, BB BE SMnToniGRCHEcS A SHE AR

Once the support substrates are seeded with the
microorganism sclution, the conditions within the wvessel
may be controlled and monitored such that the conditions
are maintained at an optimum required for enhancing
microbial growth and biodegradation. The conditions to be
monitored include, but are not limited to, aeration, pH,
temperature, and nutrient supply. Such conditions
typically depend on the selection of microorganisms in the
microorganism solution.

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

A suitable temperature within the wvessel 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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acid, and the like. The microorganism solution is preferably kept cool

under refrigeration until just before application to the 5 support substrates

in the vessel. The microorganism solution may be retained in the vessel

for a period of about 30 minutes to about 90 minutes to seed said support
tisgbstiates. Rreferabhys thermicreorganisal selution maydre rétainetointhe ion

anYgssel oy, aliout 36 minyes, 40 minuigs. L9 gbout S0mytes. ADOULE0
minutes, about 70 minutes, about 80 minutes or about 85 minutes. Once
dele sdpporesubsiratbs ahey seeded-withthe microorganism solution, the

condifigns, within the yessel. maybe coptrolled and monitored sych that, ¢

the conditions 15 are maintained at an optimum required for enhancing
demiersbialgrewtk apé biddegradatioh iThe cohditioAgEsbesmonitdtedion  is

e #pcludey but.areno limjted 10, aeration, PH, iemRerature, and pytrient ;.. v,

supply. Such conditions typically depend on the selection of
thficidofgdifisris HYPES 20 FiididbPgarism selutibheTHelagudsus Bellition the
e ¥RRY:he gerated, either continuously or periodically, with air during the

process. Advantageously, the air promotes formation and maintenance

of the Piofilft. IR EMIESEment tHe ATy bBDS iRcteddfiotten in a
dREUeQUS seddtioneby an-aippyEda a Ripe which may,be coptrolied By:ari sm

valve, The source of the air may be air compressors. A suitable

SQdmbérfturé Wthin-fhbtEssit iypically reiyet fréMabott 25650 dsputowing

m#AOE; abguh 20w 40 albawli 30:30Cs fromrabeid SO0 aRoUt 406 1l acter
about 35C to about 40C; while a suitable pH typically ranges from about, 5
Ko aBbur BT froHT AN S té%ﬂou?éeo‘flfﬁﬁﬁja{%ﬁ%.ﬁo- aBBt s “HRe pR™e 1

tanayhbe adjsteckbysadditienoéanin the vessel every about 7 days
to about four months. For example, the dosing may be
undertaken every about 2 weeks, about 1 month, about 1.5
months, about 2 months, about 2.5 months, about 3 months
or about 3.5 moenths.

The dosing regime undertaken may be determined based
on such factors as the treatment load, the type of
hydreocarbons in the agueocus scolution to be treated, the
concentration of hydrocarbons in said aqueous solution,
the time period within which treatment is to be completed
and the concentration of the microorganisms in  the
solution.

The agqueocus solution may Dbe retained within the
vessel for a period of time to enable sufficient exposure
and contact between the biofilm of microorganisms and the
agqueous 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 aqueous solution. The aqueous
solution may be retained in the vessel and the process

allowed to proceed for a period of time until the level of
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appropriate pH buffer(s) , as described above, to maintain 14 the pH in a
desired range suitable for promoting formation and growth of the biofilm

and thereby enhance the degradation of the hydrocarbons. In one
embodiment, the process comprises the step of 5 dosing the biofilm, to

wyhich theaaueays solution is raxpesgdawithia MicreakganisMsoltioet CcOD
Advantageously, the dosing promotes maintenance of the biofilm during .
e “exposing %ﬂ%ep’:’i‘%ﬁe ermbBdiftent Baid dusing miay b‘&%d@ﬁakéﬁq'iﬁmed
@i 40 dosingeregie eamprisingaapplying thexnigreorganisib csalutions hours.
containing said at Bi?St one of the following microorganisms: Bacillus sp.

e borB AR AcHetobddter B tbroor G Smb ahd Bokibkdilug &5 1ne

wiictoongarisms,e tosthie stipporssubstrales indheavessel evaty abaits!.  Most

days. 15 tpo.about four months. For example, the dosing may be . .
LA Zoory ABot Tiroke, aapthian ey (B ¥ Patned within

Abeutr2 sserith$ cabaui @45 michths; adout 8 ndénthsworsabout 3.5 months.

The dqsing regi undertaken.m e rmine sed _20.on such
. Olssp%hcea%lrgg gd1ttﬁre:%¥1? B fe’gg% Ts  ah ~acceptable

factors a: ment loa ype of hydrocarbons in the aqueous
bolution o beitfeatdd e econcentratiort of hydeocarbonsirssaid dgedeusbly,
splutieny, the.time perid,uithin which,treatment is to;he campleted; ag :
the con(?entration (??%1&% mv%croorganisms inr{?e I;25 sc‘ﬁ)airllon. T%e%queo%g PP
Mokrion redye berétaindd withiR the s/esselfora berigd dithae té @nables than
stlfisientzexposysg and geRiact bebiean, e plofiln of IBIGEO0EARSMS sy pe
and the aqueous solution such that the biofilm of microorganisms 30 is

Bbfiecassinildesthe HyaFocdmsets 7O thBRgqueous

Alternatively, the efficiency of the process may be
expressed based on the percent of reduction in COD level.
The percent of reduction may be determined by the

following formula:

{(Iinitial 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% tc about B85%,
and most preferably by about 85% to about 100% according
to the time that the aqueous solution 1is exposed to the
biofilm.

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

into the vessel via a second inlet pipe controlled by a
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solution and thus remove at least part of said hydrocarbons from the
agueous solution. The aqueous solution may be retained in the vessel
and the process allowed to proceed for a period of time until the level of
15 the compounds to be biodegraded reaches the target COD level.

spreterably e adiielbis -solutiBf nidyBE ttdinad Rt tHevedskpformay be
aheut 12-hoyrstp abeut 168 hours. Marng.preferalty.dhe agueous solution, 1o+

may be retained 5 within the vessel for about 12 to about 120 hours. Most

Pprieferabiy Sthe Hguedt R SolutidRdEaY be rBaindddRtliRathe vessel fofurther

«3hout 12140 about-48 heurs. Jypicallydhe 1arget GObrleyelis @9rganisms on
acceptable level specified by environmental regulations. Preferably, 10

the CORVEFm&Y'BE rédiced td fessthahkbbut 1606 Bpnt Morgmeunt - of

HaretesablybthesCOD lemel may.beweducaditoiless thany akoutZd01IpPMype of
Most preferaply, the COD level may be reduced tq less than about 500

FABIR. AlR¥hatiVely” $e effidiSficy f T8 process mal be " 15 expralkeqmay  be

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

may bﬁhdgtergnined bé tbﬁa folllo inq{orrg la: gggigtlecr‘OD Level - Einal varied
COD Level) X 166% 20 Thitial evél Preferably; the CBB lever may
shecreduiced byabaut 50%: saabott 25%¢morelgreferabinby about 768@torent

about 85%, and.most preferably by.about 85% to abou 1060fy cardin
B Bt it b Bt O o BegcRe e B, Afer s of
ahetoxic compoundsrin the duesus spiutionl have beer degradeditodaidload

%%ﬁ@?b'%}%@e%‘é‘%}tth% dreated.aqueoys solyfion may, be gischarged . ¢
from the vessel .

aqueous solution. Most typically, the treatment Iload
ranges from about 1,000 litres to about 2,000 litres of
agqueous solution. For a treatment load of about 120
litres of agueous solution, for example, a vessel with a
volume of about 220 litres is typically used. Hence, for
higher treatment loads, a plurality of wvessels with said
volumetric dimension may bé used. For example, for a
treatment load of about 240 litres of aqueous 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 aqueocus solution to be
treated is introduced into one vessel and is passed on to
the other subsequent vessels sequentially.

In anothér 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 agquecus solutions, derived from a single streanm,

through an egual number of separate vessels, with each of
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30 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 via a second inlet pipe controlled by a 16

‘sBBond itilet valvel'THe reéydiedaiquesis selutionwsay be ledrbimed wittssing

the aqueous salytion-from the firstinlet pipe and filtered through the
headspace for further exposure and contact with the biofilm of

microorganisms on 5 the support substrates to further reduce the amount

of hydrocarbons in ﬁﬁ@@%@é@ﬁ@b&%ﬁ%@gﬁyﬁg of pump may
be used, for example, an M2 type pump may be used. The size and
numbetpfb?ve%%ﬁé@&rie&}i@w&d&%ing%oltl*f"ett@&ﬁen@Ioa@.lSClOSGd

dipisallndhe treatmenteload rangesdfiem:about SRditrestoabou 3000 £ e
litres of aqueous solution. More typically, the treatment load ranges from

AhBGLE6E HireSIB ABLHUES 500 Htfes P adeolifEsoliflioR - MeRPHpicdlRiever,

the: treatraaet load:Ib.manges fremabouddL00iees toraout 2,000, litkes; o«
o{ aqsuteoutg_ solution.lFor a treatment load of about 120 litres of aqueous
SoIutonfor eSAmplet wrvedBE withta $Blufhe OF abBUL 380 lithds idhe limits
dypically usededence, for higher treatment loads, a plurality of vessels

with said 20 volumetric dimension may be used. For example, for a
treatméntdoadiof abbut240skithesreftaquecussodution: thivenegsselsiwith aof  a

ygw%%%bo%ggo I:iLtr sl%%%hnggx be N s@ed. In one esmb&girme{]t, ephe

treatment zone may be located i a p uralit@ro?c\:/%gsels N seriés figigng an
Flawewits eask lothépBy this itdsl mbant thay thecaguéousssoliition tarhe rdance

with one embodiment disclosed herein.

Fig. 2 is a process flow diagram showing a first
train of five treatment units of Fig. 1 in parallel fluid
flow.

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

Fig. 4 1s 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 agueous solution containing hydrocarbons

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

Fig. & shows a graphical representation of the pH,
temperature and COD profile of the treatment, K unit of Fig.
1 ftreating an aquecus solution containing hydrocarbons

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

Detailed Disclosure of Embodiments
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treated is introduced into one vessel and is passed on to the other
subsequent vessels sequentially. In another embodiment, the treatment

zone may be 30 located in a plurality of vessels in parallel fluid flow with
each other. When in use, the plurality of vessels in parallel fluid flow
permitspassage of two eriRpore sjreanns: :of aqueous-sahitions, derdved. 101
from a single stream, through an equal numléer of separate vessels, wit

Logshest 1-thaitvo Br hbféSiiEaHhs G atuedddsoldtond paESHGT ©F an

adghrough a differentaesseb BriehDeserption.Of Brawings B ons . The
accompanying drawings illystrate a disclosed embodiment and serve to
VESPHin thje)éﬂrincib?es o?(ﬁ?elpcﬁs?c%osealeﬁbod%lent.al?%atgqbre unsgéérlgtz)bd, pH

cdrowever e that the @awingstanepdesignedsfor purposes ofsiltustrdtlidrbonly, and

and.not as a definition of the.limit f the invention, Fig. 1 is, .
nehafatic c?r%gg-ggcti%ﬁgfjﬁé\!/tv o?&ﬁ()r? atrﬁ%nﬁcu%it %&er%gjﬁt%g% t?% during
£ HprocassAfontraating-ancagueous solution containing hydrocarbons in

accorgance, yith one embpdimegt disglosegliegein. 16419. 2.5 apf9gess220
flow diagram showing a first train of five treatment units of Fig. 1 in
1 jparalkel fluidhflow. Eigr 84S avprécess Flowdiagranrsholing a pair apout 120

i%&airréssdig%logf%qléngﬁig. 2 1\’/%\M_]ich are in parallel 20 fluid ro_vv. Fig._4
Is"a process flow diagram showing a train of three treatment units of Fig.
1 in sBries fluidilowsFig B-sticwsa graphial répreskrthtionsof fhieapriported

£ E%rmpegat%%es%%ggp %rzqgle Bﬁ%@%@g}?mi%t)m 15'1% vessel 101 via

the first inlet pipe 104 controlled by the first inlet
valve 102. The initial <COD of the agueous solution
introduced into the vessel 101 is about 5,000 ppm.

In one embodiment, the agqueous solution may be pre-
conditioned prior to being introduced into the vessel 101.
As discussed above, pre-conditioning typically invclves
adjustment of pH of the aqueous solution to the optimal
level of about pE 7 for promoting growth of the biofilm of
microorganisms and  enhancing biodegradation of  the
nydrocarbons.

Once introduced into the vessel 101, the agueous
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 headspace 106, the
aqueocus 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 in the central regions (108, 110) of the
vessel 101. The support substrates (128, 130) comprise
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25 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 30 over a period of about
al3b:hournBatsh 2)t Petailed Disclosurenef Embodirmentsrd8sReéfertiig to The
Fig. 1, tjgere IS sh,g\]/:vntzi\e gessg!flOl {Ij%cl%e% \évithitfaagtreatrrpgnt z nes%(:)L% 130
%0 ﬁggtmen?%?gn g”queous Solution contaminate With%ydroc%rgons.
pEhe vessel 101lis (l-:iq@i(ppmdwit(ljh% &ere&top(tl@iﬁ‘g,im;il 53:®npfali€ri(c’:1@6)3 used
temperature .coptroller (105) and nutrient supply, conduit (107) which_are
Ao T (EStmEAl Sroess. The Tl (e oF i ecsel ToLE21e
lisabout220 litrks withha€apadinefor antdeativent fdad ofcatsouei120 bOockage

itres of aque solution, . The eou ion to reated is -
C%‘éa%%%érte(:i) ?%rénaé)%ese%/%ir aﬁ%ntroi%%%g Il‘r91t£(]) thle%%gsgs%'(g%l vign%%rgomg
Hirsteintet pipe 104 cbhtrolied byitre firskinlet Wwaley1 02 T hednisalcober and
Jhe agugoys golutian ;15 introduged into fhe yessel 101 is about 5,000

ppm. In one embodiment, the aqueous solution may be pre- conditioned

prior tG being-iniiiced 1rtd theniessel 2611 As disCussetraboiess in the
Rre-conditioning typicallydpvelves s agjusiment;of pH ofthe aqueousrqani sms,
solution to the optimal 20 level of about pH 7 for promoting growth of the
MofmtstorfidBérganidns and entmErRyvisdegradatbicstfrec il lus  sp.

hydrecarbens: Lncedntoduced o the-wesseh i1, fhe-adueeus) SOMMIORH i ch
is filtered through a headspace 106 that Erovides ,
grow on the ceramic 128 and plastic 130 particles to form

a biofilim. As discussed above, the Bacillus  sp.

microorganismse useful in the process include Bacillus
lentus, Bacillus megaterium, Bacillus pumilus, Bacillus
cereus, Bacillus subtilis, Bacillus sphaericus, and
Bacillus licheniformis; the Acinetobacter sSP.
microorganisms include Acinetobacter  haemolyticus and
Acinetobacter  baumannili; and the Brevibacillus sp.
microorganisms include Brevibacillus brevis. The one or
more other microorganisms include Pseudomonas aeruginosa,
Pseudomonas stutzeri, Listeria seeligeri, and Alcaligenes
faecalis type IT.

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 wvessel 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 biocdegradation. The agqueous solution is

asrated to promote formation and maintenance of the

20



10

15

20

25

30

25 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 headspace 106, the aqueous
solution is permitted to filter onto the biofilm 30 growing on the plurality of

Beiipbotfsubstrated (228730 3r6villed ithin S vasset 101 $FHBERATPT 13
i$2jd Biafilm. i The support sybsiraies @28, 30 are,positigned e rarion pump

approximately in the central regions (108, 110) of the vessel 101. The

SUppbisubstrate@ 28, P30 domprise A9 Hbbt 46%h bhthklistal 9dltime! 34 -

of the vessekiRbcthe suppertisubstiaiesrare ceramic 4281and plastic vessel
130 garticles. The ceramic 128 and plastic 130 particles used are of

‘differeRt pafticl G268 0 Provid ™t suitable ™ ifet-paftichi poreSsizaHl cient

dherehyrredent bleckagerduring.passagrof HieragueoussoltioRcorgan isms
uncge@(iin treatment. The volumes t%en ugp by the ceramic 128 and
c e

Plastic 30K T B Tati or Aot 13 The tfmic T28 §AG plakiic 13¢F said
Ipatticles mrtihves 10 vessehd0ddre seededwitheBaeiussspsolution and the

microQrganisms, Acinetpbacter sp, microprganis evibacillus sp.
R oAame SR oG of iove SHNbE MSFADTGANEAS Wt “drogy 3 ==
the cerdmic=128 land plastic130pearticlesito form & biefilmgAsdiscussetiut ion

e, acjl icrogrganisms useful in the process include
hBaégllllug Qléﬁugéézrél%es]d?ngg%te%urﬁ,r ?gﬁu%rf)nulrﬁﬁ?s, §§€|ﬁ€§ ackc)a(?rLé?us,t arget
Barillus sulbtilisi Baeillys sphaericus) and Batilosdichenifofmisy tit(_éae vessel
WAginetgbactar sp. ,microerganisms i dgé}_:' topacter h%elmglytlcus 116.
and 20 Acinetobacc)ter baum%nf?ii; and the Bre\%?gacﬁﬁjs sé’."“ R e

hrFsorgamisieiacludeBrevibadllusbrebis. Fwensorsolution have not

been degraded to said acceptable target level, the aqueous
solution is recycled into the wessel 101 via the second
outlet pipe 120 using the second outlet pump 122 and re-
introduced into the vessel 101 via the second inlet pipe
126 controlled by the second inlet vwvalve 124. The
recycled agueous solution is combined with the agueous
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 aqueous solution.

There 1s shown in Fig. 2, a treatment zone 200
comprising five vessels (201, 20la, 20ib, 20lc and 201d).
The treatment zone 200 and vessels (201, 20la, 201b, 20lc
and 201d) are similar te 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
Lreatment zone 200 is used to treat about 600 litres of
aqueous solution containing hydrocarbons in parallel fluid

flow. The wvessels (201, 20la, 201lb, 20lc and 201d) are
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more other microorganisms include Pseudomonas aeruginosa,
Pseudomonas stutzeri, Listeria seeligeri, and Alcaligenes faecalis type Il.
25 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.
e @ncerthd ceratic 128wl plastic £80 partitlesrare seedediwith the34) , pH

(%%rPOFg@§£S,m ﬁpggi’ong@gccogggio% within ttﬂ%&(?é%%' 2018305 5054,
controlled and monitored such that the conditions are maintained at an
28ptmuapl of aBout’? dnd andn optimust termpeiatire Gfabout 86, 207Db,

o EpAuired for ephancing micrgbial, growth. apd bijodegradations dhejuring the
agueous solution Is aerated to promote formation and maintenance of the
L PO DiGfAT IPese embodindst, dip Fontar air edfpredsor i€ injeeedintd201,

o he,aquegus, solution by thejaesation pump Ja%\ﬁié th%pel:&sﬁf@@ckﬂsth a
controlled by the valve 134. The aqueous solution is retained within the

copssel ty 101961 aFperldtPEfE5BHE 724R6GTs t8enabRedtifficlerft expodiig ©of

aghnd §ontact batwean thebiglimsefimicroorganisms and the aqueous
solution such that at least part of said hydrocarbons is removed from the

aquedUEsoRBOR AT tha° tathéCeon fevél Bf IESSHaRhbddt 1,660 g *ted
ris@chigved: 108 Where thertoxic gempaundsiin thecaqueauds sphdiom bavez o1,
been dﬁzggraded to a predetermined acceptable target level, the aquequs
i

28ditiorfis drechafled maRtthe Veddel Vid vid'fhe biligtpipe 158 usihge 2°4
wihecoutleepumptlld. \Whererthedoxic eempauwidsHn thgaguegsasolutiond ’ a,

G0 e dearecef g seeemao yue e e pgueas o
vading theoseconadautet pumpiz2-and textintrodueedyiatos thesve$861110120 1a,
Z\S?kt)r)esze&?gd igheépig%id)’ the agueous soclution is filtered
through the headspaces (206, 208a, 206b, 206c and 206d)
that provide space for expansion of the support substrates
(228, 228a, 228b, 228c, 228d, 230, 230a, 230b, 23Cc and
23Gdy} ., Each of the headspaces (206, 206a, 206b, 206c and
206d) comprises about 10% of the volume o©of each of the
vessels (201, 201la, 201b, 20lc and 201d).

The agueous solution then filters onto the biocfilm
growing on support substrates (228, 22Ba, 2Z8b, 2Z8c,
228d, 230, 230a, 230b, 230c and 230d) that are positioned
approximately in the central ‘regions (208, 208a, 208b,
208c¢c, 2084, 210, 21Ca, 210b, 210c and 210d) of the vessels
{201, 201la, 20lb, 20lc and 201d). 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 agqueous sclution within the
vessels {201, 201la, 201b, 20lc and 20id) for 72 hours, the

toric compounds in the aguecus soluticn have been degraded
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126 controlled by the second inlet valve 124. The 20 recycled aqueous
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

“Rastit 136°FHERS to AFHER réld&e thEHrstnt of P5Hydroddifonsiueous
sthewrgueous soltieanEhereds shown thEigyvd astieatment zone 360, 201b,

omprising five vessels (201, 201a, 201b, 201c Qnd 201d). The treatment
“Jore Z%C%n%ge\}éjsselgj(ﬁof 189301, 2818 %hd 2010) are“sifhildr to? +8 " 2

zthat in Fgdl except thatihe 30 refesenceniuimeralsifor thessagiexfepturesit 1ot

are de d by numbers by an additional 100 ‘'a, b, ¢, ord. The .
pt]r“gftmgzt%onlgsi&?is%%gd %%gtaettab%f“ 500 ﬁl’%lrjce)g ot aqﬁg&fsesoﬁﬂ%n toxic
cepmpainmishydnocansons dm paredlelsfiuid tfiow: The wessels: (202¢201degraded

201D, 201c and 201d) are, 21 equipped wjth means for controllin . :

i o T 08 B at B65t and Doad e o atnd (ke 19
Jma;lE@BtirZOEgm 2058 @ahd nlitdent s&_@@@u(Z@E,@O?aZ 20Zba207€01d}
AN 20.0d) within the, reatment zon 299%%“”,”9%9%53“3}%“ pr?ggs.c and

The volume of each of the vessel (201, 2014, 201b, 201¢ and 201d)'is
28B80d 20ty vAtRa ceapatitg foriatreatment funkbeofsboun d 20 litrés of pipe

Aqequs solution.per vessels The agueous solution to bg&aea&egiiontmduced

transported 10 from a reservoir and introduced into the vessels (201,

701, P0Tb V2OEedAd 261H) vigtherirstiblde pipePoa wihithdepatateda the
Bttive firstialet pines. (204 620&@1&04&{%%&@89 2Qdyd),coptrglled by 4

the firstinlet valve 202. Once introduced info the vessels (201, 201a, 15
17915 20Pd BRd 201d) fhe aquedhsdolutidn & filtered? 26" ¢ and 2267 d)

controlled by the second inlet valve 224 for further
treatment so that the émount of hydrocarbons in the
aquecus solution 1s reduced to the required acceptable
target level.

There 1is shown in Fig. 3, a treatment zone 500
comprising two units (300, 400) 6f 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 106, 100’, a, b, ¢, or 4 (for
treatment zone 300) and an additional 200, 200', a, b, c,
or d {for treatment zone 400). The treatment zone 500 is
used to treat about 1,200 litres of aqueous solution
containing hydrocarbons in parallel fluid flow.

Referring to Fig. 4, there is shoﬁn a treatment zone
900 located in three vessels (601, 701, 801) operating in
series fluid flow. The treatment zone 900 1is similar to
that in Fig. 1 except that the reference numerals for the
same features are numbers by an additional 500, 5007, a,
b, ¢, ocr d (for vessel 601), an additional 600, 600", a,
b, ¢, or d {(for vessel 701) and an additicnal 700¢, 700’,
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through the headspaces (206, 206a, 206b, 206¢ and 206d) that provide

space for expansion of the support substrates (228, 228a, 228b, 228c,

228d, 230, 230a, 230b, 230c and 230d). Each of the headspaces (206,

206a, 206b, 206¢ and 20 206d) comprises about 10% of the volume of
aseachof the, vesselsi(201f 201ay203b,120%0 and 20ld). Thetaquaous acueous

solution then filters ontq the biofilm growing on port substrates (228, .

S 55, e Bkl a0 Z505, T30 Sb02 Und bu0dy AL G 1<t Pipe
qlgsitioneli-25 appeoximately i thescentral regions (208y208ay268k,1 for a
208 é%%Sd .210.210a 218b, 2%00 and62109)sofIg%%vegjs_elshgzlplégmbaut is

H01b. 2016 and 20£d). Daring the tré 6

e tfeatnent process, air from ar air
foomprdssos hmay helingectedéintonthe ddueogs solutdorveithimlth 01 via the

itﬁeféme%azlqu 20Qoby the; §8i3f£%ti‘§ﬂ PymR 232 viathe pipg 436 Which is, ;
controlled by the valve 234. After retention of theé aqueous solution within
the vesselsd20¢s261a, 201b 2@ ctard 201d)d6r 22 hoursl the adtier being

LOMPAYDgs jn,the aqyeaus splytion bavg b%d%gf%@%%g&%ﬁﬁ%&y"ggriod
acceptable target level, the aqueous solution is discharged from the

%bsselsi01120180 201l sEhEraNE 20718 vidthePstiapipesipgg pump 716

2183, 218, 24§'eand,218d), whigh arg comhined intog,sipgle gyet5  rhe
pipe 218, using the outlet pump (216). Where the toxic compounds in the '
HHRBUS selttio have Adt bEBhRHegPstetNto Safd dceptabietaiget Il for

4he agueoys salition is recyelad inte thevessels 4201, 201a,201b-200a 150
and 201d) via the second outlet pipes (220", 220'a, 220'b, 220'c and 10
By wHich afe Eofibinddifto e sfgle SétonBVutiRplbe 226 Usittfthe

second outlet pump 222 and re-introduced into the vessels (201, 201a,
201b, 201c and 201d) via the

Example
Treatment of Industrial Wastewater in Parallel Fluid Flow

Aqueous soluticon 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 wvalue 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 c¢yclohexane and
related compounds having & pH of about 5 to 8. The
original COD value of the contaminated wastewater was
approximately 34,400 ppm. The targeted result was to
reduce the COD level to less than 1,000 ppm in less than
140 hours.
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second inlet pipe 226 which separates into five second inlet pipes (226',
226'a, 226'b, 226'c and 226'd) 15 controlled by the second inlet valve 224
for further treatment so that the amount of hydrocarbons in the aqueous
solution is reduced to the required acceptable target level. There is

showRH Fig ot e afaIt oS00 PercompASingRWe RABbOCH6D) by
a@% thecfeaiment.zong of Fig,2Jherdregtment zene 500ds similartothat ared

in Fig. 2 except that the reference numerals for the same features are

LinbRtsErs By an Kd8/bREM00220¢, 447 ocd (f6r Greatment 267 300) vas

capd aaadditional 200:200aadp, G2bard Hoartraatmant zona 49 The
treatment zone 500 is used to treat about 1,200 litres of aqueous solution

containing hydrocarbons in parallel fluid flow. Referring to Fig. 4, there is
cshewnwedtraaiment za8au3Q0:logateskin three vessels (601, 701, 801)

operating in 30 series fluid flow. ﬁe treatment zone 900 is similar to that

in Fig??%x&éb‘ﬁﬁ%ﬂ‘é re‘?é’r‘é%ce-g Umé&tafsThr the” sathe T8atfas arg®ed o
t pembersty atnatiditiorial OO, E005vas tlexc, ord (arvessel 684) aBatch 2.

additignal 600, 600! b, ¢, or d (for yessel 701) and an itional 700,
o8, TR, o7 (LS oty Liinat e B eods Solphcs" were
uexifing:the finst vessel €04 viathevbuthét piges 618;caftandeingretainedin was

said. first vesse| for a_predetermined periad of time, is nat. discharged but
e e e (A 61 18 e EL3Ad vebout TOTa e e D 150
1yélve 702 Similary cthe aeeousiselutionséxiting: ¢hie second vaessekZ@irvoir

s¥ §§eouﬂgkl%ip%¥sl8p§9§%%eﬁ’i%trgt?éﬂ%d '@i?%% seeand.yespelfora ;o ar

predetermined period “of time, is not discharged but is pumped using
apurpgi16opr of the vessel. The wastewater was allowed to
filter through about 20 litres of headspace onto about 20
litres of bioceramics followed by about 60 litres of
plastic bioballs. The wastewater at the outlet located at
the bottom of each vessel 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 bkeing channeled to a post-
treatment holding tank where the wastewater was further
treated prior to discharge.

The bioceramics and plastic bicballs were prepared by
placing dry ceramié and plastic particles in each of said
five vessels. A microorganism solution comprising the
Bacillus sp. microorganisms Bacillus lentus A 5019 ST (2%
vol), Bacillus megaterium B 5013 (2% wol),Bacillus
megaterium C 6019 (2% vol), Bacillus pumilus C 5011 ST (2%
voll, Bacillus cereus C 5014 (2% vol), Bacillus cereus C
603 (2% vol), Bacillus cereus C 6011 (2% vol), Bacillus
cereus 7 508 (2% vol), Bacillus subtilis C 601/1 (2% vol),
Bacillus subtilis C 601/2 (2% vol), Bacillus sphaericus C
605 (2% wvol), and Bacillus licheniformis 72 507 8T (2%
vol), and Brevibacillus brevis 2Z 6030 PT (2% vwvol),
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10 into the third vessel 801 via inlet valve 802. The aqueous solution is
retained in the first vessel 601 for about 150 hours, in the second vessel

701 for about 150 hours and in the third vessel 801 for about 150 hours.

15 Example Treatment of Industrial Wastewater in Parallel Fluid Flow
Aguesnsaoiution de bedreased 20 The aguegous gplutionda pe treatedtifonona s

atch 1 was. industrial wastewater contaminated with aromatic | .

Sc%)lﬁr%ﬁoeu%ﬁss?es%}é kétone %al‘ég’%ls, AP oszERe S Tal0LAE L B 5011 (23
wihylberzesedntxydenes(BlEQrandchaving eppH of sabeut 6.5 tedekidononas

The, original COD value of the 25 coptaminated wastewater was
Satp%%)ﬁgrfréte%yggkgo %p"m.v ? ’tar‘ggtle%erg%%‘??v §'to Tédllce the'CBp © 602
lével tortebs thanid /000 ppandn dess thami@hours. The aquéous solutiono ) ,

tre in,Batch 2 was _industial tewatey contaminated yith .
1%:%%:31?) %??é;rg]g {;ﬁg 30're gt%lénclojfnp(t)ﬁund\giil%ing ggﬁH o¥§% ats f%()vi éj.aﬁhleg enes
Tariryirral COD xakueldf the contandifatédwastdwatenwas rapprokimately sp. C
s3A0000ms The gsted [epylt was [0, redicedhe COR laveltoess Al
1,000 ppm in less than 140 hours. 24 The contaminated wastewater was
Hsreicondfivned By addjastity the preechetsdsh PSP 8 ahdr about 30
oiguialed tnraughpe reaiment 2qn (200101 Fig. £, Jesting was, caflied ¢

out on each batch before and after treatment. 5 Construction of mo

WiskeM e re AftiéitFone 200 described above was used to treat the

industrial wastewater of Batch 1 and Batch 2. Five drums, each having a

volume of about 220 litres, were
Bio~treatment of the wastewater

Air supply, pH and temperature were controlled throughout
the experiment. Air was supplied by a single M2 pump
while pH was adjusted by the addition of 0.1 M potassium
phosphate buffer. The temperature were controlled between
28.5°C to 29.5°C in Batch 1 and between 26°C to 29.5°C in
Batch 2.

Analysis of COD by ceolorimetry

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

the mixture in the vial turned green. In such instances,
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10 used as the vessels in which the treatment zone 200 was located, with

each vessel built to contain about 150 litres of wastewater. The

wastewater from a reservoir storage tank was pumped into the first vessel

via an inlet at the top of the vessel. The wastewater was allowed to 15
afilfgrahrougheabodti20: littes of headspaceronta about 20 Hitkgseof  strength

rRiogeramics followed by abouf 6Q lires of, plastic bioballs The
wastewater at the outlet located at the bottom of each vegseaf was
recycled to the inlet at a rate of 1 litre/hour for 96 hours (in Batch 1) and

rESpROHOuUrs (in Batch 2) before being channeled to a post- treatment

holding tank where the wastewater was further treated prior to discharge.

The biotgramicgafidspladtic Bisballswere grepartbshyl pradirgdly 1. Under

reRrampie apd plastic partigles i each of spid; 25, five vesselSfheratures of
microorganism solution congrision the Bacillus sp. microorganisms

bEYLRGE lertisT S0RNST B ovhl), BabfusMBgatensh BseL3edkiced by

avhBacilus megaterium; €.0019,%nol); Bagitus pumilus 980 STonm o
g% vol), Bacillus cereus C 5014 (2% val), Bacillus cereus C 30 603 (2%

26BN FEdte G ESG0 T (396 V6h, BAciliis HHREIEZ 508 (206 vol),

Bacillgs gubtdis £: 604/ 1+2& vel)a Baeius sublilisiG 6042 @%exal).2 . under
. acilllﬁs S ha§ricus C 6ﬂQu5 §2% vol), and Bacillus licheniformis Z 507 ST
%6 o8RG BrévBaditus’orelis Z 60%0 BT (295 BHF 5B ssudomdifakveen
2@érugimosia AB01 7(2% oY), Pseudomenss wsiuzarbBi b2 BT (2%0eb, 983
Listeria seelig%r:{ B 501 %Ze% Véﬂ), Pseud mo%% stutzeri B 509 PT (2%
|

f\“?é)lsr: Pselidomonad Stitzeri 86075 (206 vol): Acthetdbactst rfmdiytidts opm
aCe2 3 M4Pohal)y Acinetabaciembauimannii Z 6011 (4% vol),

ACine}‘P 9&%1 rab(?gcmlasqpii,z %0513C(§-]g/0 %%I)’ Qﬁlecegrlfg%r}lesﬁ“ig. 5 and Fig. 6
for the period from O hour to about 4C hours, COD
reduction was exponential at a pH 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 ppm.

Applications

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

Advantageously, the process is capable of reducing
high levels ¢f COD by more than about 95% in about 4 to §
days of treatment depending on the starting COD levels.
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faecalis type 1l Z 6020 ST (2% vol) and Arthrobacter sp. C 505 PT (2%
vol)was applied to the dry ceramic and plastic particles and allowed to

seed said patrticles for about 30 10 minutes to about 60 minutes before

filtering the wastewater through. Bio-treatment of the wastewater Air

supply p¥hanc teroperbiure werd controlled throughaut Itheconventional
experiment. Air was supplied by a single M2 pump while pH was adjysted .
ot G oy e el The e St eeein
dvere controlied betwedrp28:5Che285Q in. Batch 1 and between 26C to

29.5C iy falel 8. 20 Anplysis,of 6O by colgtmelry COD ANAYSIS WaS < ot
carried out using the closed-reflux’ micro method of and commercial CO
reagants franyHARCH: 25 Thé eagehtdweresupplisteintl 6damlvials that the
it direrbninta g Bach Golaimetep,2 (W i gample was added to a

vial, after which the vial was capped and placed in a reactor for digestion

at 150E ol e holits 2 RRBF e56lingthE viak the COD #as Feapditddtlyat ions
Aanthe 3Q ealotimeter|f t@\@l%@@mt@f@adlr;lg_%cesge%ééé@%ﬁg/t{%r the
a sample belngﬁ_jpumped into the first vessel or exceeded 150 mg/L for a

ARS8 befid plRthed But SFthe fiffT vedddie the FeiReit@h thd gial firRegoing

greendp.sushinstancas, &b-appropgate dijdtiansaverg made onbjohelope of
strength reagents were used, and the analysis was repeated. RESULTS

BEig. 5-EHGRE ¥ reaffient rédults ot BattRUCUifedr tHeBHi corftiidon such
05 617 oA diandattempetiares 0bns come within the scope of the

appended claims.
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bewteen 28.5C and 29.5C, the COD level was reduced by about 96%
from a starting value of about 17,600 ppm to about 640 ppm after 96
‘hours of treatment. 10 Fig. 6 shows the treatment results for Batch 2.
- Under the pH condition of 5 to 8 and at temperatures of between 26C )
and 29.5'C, the COD level was reduced by about 98% from a starting
value of about 34,400 ppm to about 780 ppm after 135 hours of _
treatment. 15 Advantageously, S3&4MPe seen in-Fig. 5 and Fig. 6 .f(_)r the
1. perod frarddlBOUE trabopé 40;heUrs £ ggugtiog&qﬁgwonggﬂglﬁ &hing
a pH \éalue ofbabout 7, hAIthou h the initial oD values of the industria ‘
wastRwater in bof Bateh 1p§ﬁg& BHicFRESHRR (AB8ve e fosxposing
. pprag e figukC@D |epdistafter tmtm%h@f&]éﬁi&%;ﬁpﬂb@ﬂg&e&qd least
1,0 5 ications, ill.be appreciated that the process -~
' disg%fepdn&hfire%@% a simple(!’;dr?gl lgost-ejf%xé(ﬁxcl)g et &ftfent aRgciiies  sp-
enRrdRBRERN ABRdly pletEstiobactenentsef aquedos ceotytioisms  and -
© COrHaipiighhynaGashoBs. SURR Asoyasiemalels 30@"&"‘39?3%‘3:%%3&}6%% z6ne
process is capable of requcing- high levels of CfO_D by more than about o
959 1h Abotr Hto 6 °Fays of FEEATHBAt defOINRGIN theidthdting GoBViding
levelsb o7anthiaitage ashyaind inm@ﬁirasbfcscomegi@_{w @h_@gﬂﬁ@&ut: zone.
treafment proce racess disclosed herein does not use any toxic. .
bh(?n%}(?é%gﬁgc?va&nst&g%sé%]us ,P%Che8 %ré‘sc'.ﬂte}éflc,s’oﬁi§{<ﬁ’(%’s?(elcfl Her2hifBos8 npEdice the
- recfteiay pre-BRdtbsRERARSRVent failtied Of Hipi¢matment system
. dueto high loadings. It will be apparent that various other modifications .
5 an%adalptations of the inventign will be apparent to'the ‘ ‘
process as -claimed in claim 1, wherein said agueous

solution is water.

T3, A process as claimed in claim 1, wherein._said ‘Béc‘.:illus
‘ sp. is selected from the groué. conéisting of Bacillus .
‘lent‘us, Bacillus megaterium, Bacil__‘lus_pumilus, Bacillus
cereus, Bacillus subtilis, Bacillus sphaericus, and

‘Batillus licheniformis.

4. A process as claimed in' claim 1, wherein said

Acinetobacter s5p. is seieg:te'd from the 'g::éup, consisting

of Acinetobacter haemolyticus and  Acinetobacter
baumannii. o .
5. A process as claimed in claim 1, wherein said

Brevibacillus sp. ‘li's Brevibacillus brevis,
6. A process as claimed in claim 1, wherein said biofilm

further comprises one or more microorganisms selected

from the group consisting

29



person skilled in the art after reading the foregoing 10 disclosure without .
departing from the spirit and scope of the invention and it is intended that
~all such modifications and adaptations come within the scope of the
appended claims. 28 cl . 1. A process for treating an agueous solution
containing hydrocarbons, the process comprising the step'bf exposing

said %queous solution to a biofilm comprising at least two of the following
mic

(g ETePBARMUSBp: ‘nhiéRIorganismB, Acidetbhacterarer sp. and

micbbrgddigaseandpBrevibacillus sp. microorganisms, in-a treatment: .
zone containing said @queous solution while providing substantially.
aerobic conditions in said treatment zone. during at least part of said -
7. expBsimy erss® reducel tienainaimt efisaieh hyslroGarReRS N S&Id 8 biofiim

aqugggﬁispggpnogeA gpcgl%%gs gllalcrgggll_n gl@tm 1, wherein said

aqueous solution is water. 3

process as claim (5“ﬁ1 c?zﬁrlr?ft\?fﬁergﬁi’m the

saiPBRBRuS IS i$dRretedfrofsticdigrons &omgsmgg.nﬁgaplllu&éewﬁo fas

Bacdltlsmae.gﬁte“UJI‘sBé’@ﬂgisﬁﬁg@ﬂ'{;%ﬁac'"%%ocerﬁféaPacnIUS Sum”@?calls

cfy encus and Bacillus licReniformis. 4. Aprocesgas Hairh8
ﬁ1 1, whereln said Acinetoba'cter sp. is selected from the 'group.

' conS|st|ng of Acinetobacter haemolyticus and Acinetobacter baumannii.

8. 5 MPHIESSAS glglrré@cy@ng@lrgr} W, erel aid Brevibacillus sp. is

10.

11,

12,

Brevibacillus brevis. 6. A process as claimed h &R 12 itRFeinkefgre said
biofiffPIERAEr c8hfRisestdre ortrpre nﬁcroo:gazm&riusgselectegdurallty of

support substrates withifn said- treatment zoné .for grom.ng
saJ.d blOfllm thereon. -

'A‘pi'og:ess ‘as claimed .in claim 8, 'where;n sald $upport .
substrates ‘are selected from the group cons:.st:l.ng ofi
cez':amic?, plastlc, cloth, fiber, metallomd, crystal,
polymer, clay, sepiolite,, sillca,'" feldspar, serlc:Lte,
aiumina, zeollte, glass, titanium oxide, z:.rcon:.um ox.lde,

silicone carbide and combinations thereof.

A process as .claimed Ain claim 8, wherein sald support

-substrates comprlse 15% :to. 55% volume of saa.d traatment

zZone.

A-process as claimed in claim "1, .wherezn said expos;\.ng

step is performed for a perlod of 12 hours to 168 hours

A process a's'tclaime.d in c¢laim 1, wherein said t::e.atment

zone is located in at least one vessel. "
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from the group consisting 29 of Pseudomonas SP., Listeria sp.,
Arthrobacter sp., and Alcaligenes sp. 7.. A process as claimed in claim 6;
wherein. said biofilm comprises one or more microorganisms selected
from the group consisting ofPseudomonas aeruginosa,. Pseudomonas
stutzeri, Listeria seeligeri, and Alcaligenes faecalis type Il. 8. A. process

134as éalﬁ?é@?ﬁ?ﬁ@lam 1 cd@peigingnbefdmigaid exphaingisiepathe ster9Ement- '

providing a plurglity, of §qppé)r%§l€&s=£rﬁ% within said d reatment zbpe.for

growing said biofilm thereon
saldfgﬁlﬁport substrates are selected from the group consisting ' of
ceramlc plastic, cloth, fiber,-metalloid, crystal, polymer, ‘clay, sepiolite,.

Aproce S as claimed cfalm?%ﬁgreﬂmd

((:i{i\ feldscpar sericite, - alumina, zeolite, glass, titanium oxide, zirconium

4OX| e, FifSone S cafidaam e(%n‘?ﬁinacf&ﬁ@fhéreof“’ﬁe@eﬁcfbr(ﬁ?és% a%reatment :

Clapeee iniclaiho8.avheareimsaid suppodl sykstrateswonpise in 'parallel
15%1@§§nygwme of said treatment zone. 11. A process as claimed in
claim 'l, wherein said exposing step is performed for a period of 12 hburs

to 168 hours. 12. A process as claimed in claim 1, wherein.said treatment

15 zon® iplosased innat leastianaivassel 13013 A RIGRESS &S, a'”éeékg& sald". |

" claim 1, wherein sald treatment- zone is located-in aplurality of vessels

16.

serlesl?ﬁ’u& Wow. 5P prbB8ss BEThimed in ERfHCL iFerefRdsd aqueous' -
trea%wbmtlmhellstmamm aqﬁeaﬁ;eﬁf:veﬁaﬁlé inFparaklrther exposing '

said aqueous solut.lon to said b:t,ofllm to thereby further

reduce the amount of said hydrocarbons in .said aqueous

solutlon

. A method for formlng a2 biofilm comprising at .ieast. two of-‘

the . follow.l,ng ) ‘mlcroorgam.sm_s. Bacillus sp.

1

microorganisms, Acinetobacter sp. microorganisms and

- Brevibacillus sp. microorganisms, in a. treatment zone,

. said method comprising the stéps of:

{a) providing a plurallty of support substrates in a
treatment zone; S |

(b} seedlng said plurality of suppozz"t éubstrat=s -with.

" said at least two of the following mlcroorganlsms
Bacillhs sp. microorganisms, ‘ACJnetobactar sp.
mlcroorgani‘sms,.and Brevibacqlllus Sp. m.ié:roorganisms';'

(c} growing said ‘at  least two of the following
microorggnism‘s: . Ba ciilus sp. microorganisms,
Acinetobacter Sp. microorganisms and Brevibé;:illus'
sp. microor.gan:;sms, on saiﬁ plurality of support
- substrates; and ‘ ' |

31



fluid flow. 15. A process as dlaimed in claim 1, comprising, after said
exposing step, the step of recycling said aqueous solution into said

. treatment zone for further exposing said aqueous solution to said biofilm

to therehy further reduce the amount of said hydrocarbons i in said
agueous solution.. 16.."A method for forming. a biofilm comprising at
Jeast.. two. of the following microorganisms: Bacillus sp-

MiC{RQroamisas i AGINELaRA S HBIFI0G B ARISESANG l%rgwp@gglgs&ﬂe of

- microorganisms, in a treatment zone, said method comp nsmgﬁthe steps

17

of: '(a) pro?ﬁ&ﬂgsfeﬂﬁli’%ﬁltff)iagud‘p”drt 30BsARS iFLPH RN "?Qor(l‘é (h)
seeding said plurality of support substrates with said' at least two of the
following microorganisms: Bacillus; sp. microorganisms, Acinetobacter

spﬂmwﬁﬁr@«émgﬁws@hﬁl@@nba&n||L%1§Mmér%org'§h¢s?ﬁén(c)sgrh@w®eedmg
~ saidsabjeasidyo bfribeifolawiagJpiciagrgausms 3agilus - of support -

© microorganisms, Acinetobacter, s%f microorganisms and Brevi aC|IIus sp.

micFOASRRRIRS, ciP sBd It B SRTAE PR AR aRt 3EGH- one of

: aerammg sauftreatmelagtone dudngargleasteae of said seadindktep (b) SP-

18,

18.

20.

and I Souing siep (©) 511 melbed s oyned RAIILIBMIEEN. ana
said seed| ng s comprises -exposing- sad'plur ality of support
sub@W&Féb@WééRﬁuﬁPcoﬁthﬁﬁﬁ@é@%ﬂéést one of the following
mlcroorganlsms Bacillus sp.. microorganisms, Acinetobacter sp.

microorganisms ' and Brevibacillus.sp, microgrganisms.
A method as claimed in claim 16, wherein. said growlng.

"step () ;s performed for at least 30 mlnutes to 20

minutes.

A method as clalmed in claim 16 futther comprising the -

step of .

(e} adjustlng the pH of said treatment zone durlng' at.

o least one of sald seeding step (b) and said grow1ng
step (c)_ to enhance formatlon‘ of said biofiim,

wherein said pH is in the range of pH 3 to pH 10.

A method as claimed in‘claimllé, further comprising the;.

. step of ¢ ' ' _ . : '

(L) dosing.said'biofilm with a solutidn containing said
at least two of - ‘the - following micrporganisms:.
Bacillus sp. mlcroorganlsms, Acinetobacter ] sp.-
mlcroorganlsms and Brevibacillus sp. mlcroorganlsms,

to increase ‘the microorganism populatlon of said
biofilm. '
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.18. A method as claimed 'in claim 16, wherein said growing step (c) i$
performed for at least 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 tone during at least one of. said seedmg step (b) and said -

growmg step (c) to enhance formation of said biofilm, wherein said pH is

211N tﬂ%@'ﬂ%ﬁ’f pH 340RHAD. 20- Avastiod g clalmeadin daimu1&duither s

‘comprising t

e step of: ' (f) dosing. said biofilm with a solution containing
saibngeraskano 6Pt -RABIRTY: FRGHBRgaRRIRS +BRRAUSRRLying said
MigERIgaNiEMecneueidbaCRI A NIEroREgARisTeman® Breyacilos spwing
microorganisms, to intrease 'the. m#croorganlsm populatlon of said

bioRhT=EP AN FHiod as clffidd i Elaim 20%Rherein shit-doSh aanlsms,

. undestiakervip: atgasinggregimecgurnpgsing Spplyimydsaibirevtiitoni 1 Lus Sp-

22 jenftis M8EENEs AR gStetUT B IS ﬁl}ﬁ’lllt}s *Batiftis

. therepf.

23,

24,

25.

containing said atleast gne, of the following. MicHoOaNISWS: BaGHUS SPange

microorganisms,. I,R\cmeto acter'sp. 'microorganisms and Brevibacillus sp.
micPdorfeRIIM3, R ¥&idtsuFPOFE SBBSFAES- in the range of every 7 days

to four months. 22. A method as claimed in'claim 16, wherein said Bacillus
'Sp. microorganisms are selected from the gro p copsistin gr of Ba

eug #ﬁClllus
substis; Bﬂmﬂu&:g&hﬁmsuarﬁau&ﬂsabdmlfﬁmms taﬂdgconﬂalmmtmq

Bacillus - lentus, Bac111us megaterium, Bacillus
fpumilﬁs, * Bacillus »cereus,' Bac;llus . subtilis, Bacillus
sphaericus, Bacillus licheniformis, and. combinations

thereof.

A . method &s claimea in claim 16,'A wherein said

Acinetobacter sp. is selected from the group consisﬁiﬁg’

.of Acinetobacter  haemolyticus . and Acinetobacter
baumannii.
A  method as' claimed in claim -16, wherein- séid

Brevibacillus sp. is Brevibacillus brévis.

A 'method as blaimed 511 claim 16, wherein said biofilm
_furthei comprlses mlcroorganlsms selected from the group
conszstlng of Pseudomonas sp., Listeria sp., Ar*h;abacter

SP., Alcallgenes sp., and comblnations_thereof.

26.. A n@thod as‘claimed'in claim’ 25, wherein said biofilm

comprlses one Oor more nucroorganlsms selected front the

group consmstlng of Pseudomonas
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23. A. method as claimed in claim 16, wherein said Acinetobacter sp. is
selected from-the group consisting of Acinetobacter haemolyticus and
Acinetobacter baumannii. 24. A method as claimed in claim 16, wherein,

said ‘Brei/ibacillus sp. is Brevibacillus brevis. 25. A method as claimed in .
claim-16, wherein said biofilm further comprises micrdorganisms selected

- fro I co u p., sp., Arthrobacter

sp %%%gﬁgg sp@éér%%%g%%?atﬁ)%s %%%of %é %f%é%h ell agﬁ’ﬁéd and
in AR RIS el 84 HiB iPEoAPrises one or more mrcroorganlsms
‘'selécted from the group conS|st|ng of Pseudomonas 33

aerug nosa, Pseudomgnas stutzeri, Listeria seeligeri, and- Alcaligenes

27 -tadta fypgqf" 275A I?iﬁo?’f%%tlﬁntgeaﬁﬂg %ﬂ%t&%ﬁﬁ&ﬁ c6RBhGAG1ng
hydrpdadues, dnes kltmmmngcmba-milﬁ@n containing at least, two, of

the following_-migroorganisms: .Bacillus icroor anism AC|re dter
sp. (%icro%ggség'%glr%o}séa%ndc §%\%a(}fmgs ass{g %qlcroo‘rg%a Smg capab%O% Owlng
forming ambﬁafmﬁl?ﬁﬁ%fmn sub&teatéd bmd redusing the ammmldsms, '
hydrocarhonsyia sais agugous,-soltien.d ) Jnsiuctigns fg&é%a%@gmus

said support substrates with said solution under conditions. to form said

piofilm ante redlte RS EABHAT B SEAPFArGaPfor® TRifd Aqiédfs 1m on

- solution.. %Mtas;dmedwﬁm&h&tﬂm:@@%@ln&r@nﬁﬁiu'[l@fl said

28,

28.

~ 30,

containin roorganisms select from the gro pcon3|st|
Pseudom%%g s}g %:glsterla sp ARthrobactar sp. L;3\'Ilcce'i"llge'ne gcgp and

Corﬁbwatmgtructs,ons for seedlng said support substrates
with said solution under conditions, tfo .form sald

biofilm and reduce the amount of sald hydrocarbons'

in sa:s.d aqueous solutlon

A kit as  claimed in claim 27, ~further comprls:l.ng a

solution contalm_ng mlcroorgan*sms selected from the

group consisting of Pseudomonas sp., Listérié sp.,
Arthrobacter sp., Alcaligenes sp., and combinations
thereof. '

‘A kit as claimed in claim 27, further comprising one or .
‘more additives .or nutrients,’ wﬁerein said one or more
- addltlvas or' nutrients ' are capablé of ;enhancing .the

growth and huofllm formation of sald ndcroorganisms, in ”

sald solutions.

A kit as claimed in claim fZ'?-, further comprising one ,o'r

more pH buﬁférs to enhance formation of _said'biofilm.
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31.

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 biofilm formation of said
microorganisms. in said solutions. 30. A. kit' as claimed in claim 27;

further comprising one or more pH buffers to enhance formation of said
biofilm.; 34 31.- kit A slaimechinilaign 30wwbersin Said ane s meraite pH
buffers are capable of maintaining the said aqueous solutlogwithin

a rRHGE oF pHAS %o PEPIDIS A%%tf&%%ngﬁr%éﬁxw Elf @B of sald aqueous
HYDRQEARBON-CONIAMINATED ARUEQUYSSRORUTIONS The

present invention relates to a process for -treating an aqueous solution
containing hydrocarboris, the process comprising the step ‘of exposing

-said aqueous solution toa biofilm of at least one of the following

microorganisms: Bacillus sp. microorganisms, Acinetobacter sp.
microorganisms and Brevibacillus sp. microorganisms, in a treatment
zone containing said aqueous solution while providing substantially
aerobic conditions in said_treatment zone during at least part of said
exposing step to reduce the amount of said hydrocarbons in said
aqueous solutlon Flgure 1
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BAbstract

TREATMENT OF HYDROCARBON-CONTAMINATED AQUEOUS SOLUTIONS

The present invention relates to a process for
treating an agqueous solution containing hydrocarbons, the
process comprising the step of exposing said aguecus
solution to a biofilm of at least one of the following
microorganisms: Bacillus sp. microorganisms, Acinetobacter
sp. micreoorganisms and Brevibacillus sp. microorganisms,
in a treatment zone containing said aqueous solution while
providing  substantially aercbic conditions in  said
treatment zone during at least part of sald exposing step
to reduce the amount of said hydrocarbons in sald agueous

solution.

Figure 1
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