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Bl OREMEDI ATI ON OF HYDROCARBON SLUDGE Technical Field
5 The present invention generally relates to

bi orenedi ati on of hydrocarbon sl udge. Background Soi
that is contam nated with crude oil or oil 10 sl udge
nmust be treatBPREMBIIARION OF (HUNROARREOMN (LUDGEN
seeping into the soil, thereby potentially
contaminating ground water. Conventional nethods for
treating such contam nated soil include

physi cal / mechani cal treatnent, thermal 15 desorption
and incineration. PhysiEarhndeabnFialdt r eat ment

typi ca in V. sep i ng. the chem cals from .the
contan?héted¥§%?§§ﬂ§ingiﬁgé |%éﬁtecﬁ%P853gi3r relates  to
ektavameddathencotit apipratedbsal k1fiegeburning in a

furnace. Both nethods, however, require significant

i nputs of 20 energy and are therefore costly.

Furthernore, burning resgiSdldukhike rel ease of toxic

gases into the atnosphere and produces ashes with

hi gh c8néént et onbs ofcdmanyinatetcal witAnothedecoombnlgr oil

u ysical rethod | s .cenentation. . 25 ntation,
ngedos R, 0 PPRakie R Rtk wFEnERTT Golketiag £xom
t beepony huttdretréy spriaventiset&aehpBbeat ibNey contaminating
pol lutants into groundwater. This nethod is al so

c%§?P§d ¥ak@lise it requires extensive sanitary
l'andf i bLn $RAEEon A Neletl P, us§ fi sRlySLGa < Gontaminated

t
/ mechani cal treat nent nmet hods, con nan
sepil myimatbodbe tplentbch bimedhadiogilcal tesatsnenfhi S thermal
traditionally involves aJlowing the bacteriag presen

t
| IEEREP LT ami R&Ced sOIF A9 Hatthal Iy  ddgisdealf@iechanical
Copé @&t 8yp HOWRY Q! inb B §eBBLBRArbYRhGakhYE chemicals from

requi res extended periods, often a nunbér of years,

fpre contaminate soil using washing techniques or
excavating the contaminated soil for burning in a furnace.
Both methods, however, require significant inputs of
energy and are therefore costly. Furthermore, bﬁrning
results in the release of toxic gases into the atmosphere
and produces ashes with high concentrations of heavy
metals.

Another commonly used physical method is cementation.
Cementation, however, does not reduce the content of
pollutants in the soil but merely prevents leaching of the
pollutants into groundwater. This method is also costly
bécause it requires extensive sanitary landfill space.

Other than the use of physical/mechanical treatment
methods, contaminants in the so0il may also be treated by
biological means. This traditionally involves allowing

~the bacteria present in the contaminated soil to naturally

degrade the contaminants. However, this method typically
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the soil to be decontam nated to an acceptable |evel.

Thi s natural biological degradation process may be

accel erated by biorenedi ation. Biorenediation is a 5

bi ol ogi cal treatnent process whereby mn croorgani sns
areyuisess t exbealbedi gt odsgr adeen a number of years, for
hiyég% ocarbon-contam nated waste into non-toxic

rde difelst

CRRISEHITrENEN @] drP 130 IRRERF I Level.
nat ur aph of 06,885 A Whergby1 LHeca cr by 3l qa PPl Ekbegss may be
I ncreases when the contanminant is present, and 1
derta e tafd erbbi obegradetiienicbDesi r abbigoremedjmioduct is  a
resi-dues of biorenediation processes are typically,
Al CrRaTar o e, PRAFBSRS oRTeay |yl Stdahisms  are
negd refent bifQlb@MAINGst - EELES | MEARABrbost-0baB8minated
or discharge. Sonme other systems for treatnment of )
CBitte Hatedn8brioxis &swiidneshot PeRysteabiargmediation is
bl Qgi _C@h treat g, g8t h oceQChwﬂé?e%gB t%’rgé .Cal'nli}érobial
have primary and secondar treat nent Stages. Primafy
toogatlednitonn nnod vess€hewheal thpr egiridraitriao, is present, and

sedinent ati on and generation of chem cal | udge

e Mo orftaiSF 1 PeRT TR 29TVt hes BPOFBEPLYr abhe product
AR . S¥Ch sopveRthoRal ofysterscdypical Itd equibecally
extensive cagpital inputs. There i's a need to providé a

PegEdss S orand hgheredarserthaife pésr dlveimasiiudgeo andqoiikement
t. ..0verc s,..or_.at least aneliorates, .one or

e g Hes R radefor e s i ApovEYorERe”

IS a eat oW e ansi it et Bag6ost - oef tegt hMenyeéd soil

-efficient_and environnentally friendly process f

Ce8RRENt PBFD patihet eim sP&éﬂgebJafaaO@iFa%vasttr@atwntor methods.
STy TRRADr Sl VP e ey, TR googndany
treatment stages. Primary treatment involves chemical
precipitation, sedimentation and generation of chemical
sludge, while secondary treatment involves biological
treatment. Such conventional systems typically require
extensive capital inputs.

There 1is a need to provide a process for the
treatment of petroleum sludge and o0il waste 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 petroleum sludge and oil waste.

Suﬁmary
The present invention relates to a novel

bioremediation process for treatment of hydrocarbon
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sl udge, such as petrol eum sl udge, which is a

by- product of the petroleumindustry. According to an

aspect, there is provided a process for treating a

hydr ocar bon sl udge, the process conprising 5 the step

ofludaeactiin theprhydrdeamben uslhedgehiicthh i i dfiHdpmoduct of

c rising,at |least one of the foll ow ng

mgggog?gﬁﬁil%%: l%‘i‘é??ﬂﬁs Sp. m croorgani sns,

Aci net pbast&ingSpo ra'rpr@gp@@ﬁi sthezld B eyibachédius process

sp. mcroorganisnms, said contacting being undertaken

uRBer LEGRBERPorrs Ry zacampreastiu@geget | fhredyosesie comprising
nt hyds o N sal p :

angfgélbes?%‘r%l edr?rientq%lrélkll"l(glnr(]ﬁzilL i o?{k}gea{cﬁkégtgsafggiﬁl i%%‘?&@ii c"ﬁlth 8

nayotbhpr i sempedrsigor gont rl@dstng caer atdfon ahd  following

moisture | evels wi_thin_the hydraqcarbon sl ud 15

e .
i FHGPEaF o TBRt aBeF gL UF nSBoma GTSGAOREHERS /o Acinetobacter

speci alitdtodHend «&fs M 64 0 AANIIP SPBL €8p MBYniREe disefhni sms,
to pronote formation of biofilnms wthin said sludge.

ABRLE | ewaltiagt inghebel gl geindey ek esupph@aentcaddiittitpns  to at
apditiv Len to er_pr f tio .
oFo Rt PYu R e i cabt bRy ot SVE e PhAEY O saia
cohsadié i um of m croorgani smspecies may be tailored

for treatnment of different conpositions of petroleum
sl udgel 3hd PEHACEREst BaY THE bilgedimdfindtEicon1pr ctedd o-treatment

di 5] psegl, hepgi Brmayna enablis di kect rr?é%q‘ n-ghte 113
treatnment of hydr ocaraegn sl ugge 25 wt 50t he controlling
r &Y goreramnzin hdestune t heuelsheihbéd tbe aypriowarpon sludge
treat ment_ste i e physical_ treat ment uch_as .

S s CPeht BB eat duhy Sont crBedbieefS: « ac sapoialty
Seh Nt | ARFroddyant ageosiseyies hendyf ogessudigclsedromote
herein is 30 preferably a substantially "dry systeni

iFPERt i ehecs| d@dilng swibshbmt saiPy sloidakandAdddtionally,
ggegﬁfgégggéi;?é?ﬁeqﬁggngpppﬁgﬁﬂﬂkeaf'qﬂhﬁ{urgdd§@£9es and
nutrients to further promote formation of the biofilm.

The process parameters and the consortium of
microorganism species may be tailored for treatment of
different compositions of petroleum sludge and oil waste.

The Dbioremediation process disclosed herein may
enable direct and on-site treatment of hydrocarbon sludge
with the microorganism blend without the need for a
primary treatment step (ie physical treatments such as
washing and chemical treatments such as precipitation,
sedimentation) .

Advantageocusly, the ©process disclosed herein is
preferably a substantially “dry system” in that the sludge

1s substantially solid and the process utilizes a minimal

amount of moisture. More advantageocusly, the wuse of

minimal moisture at least partly, 1f not completely,

avoids leaching of hydrocarbons into surrounding soils.

3
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m nimal noisture at |east partly, if not conpletely,

avoi ds | eachi ng of hydrocarbons into surroundi ng

soils. 3 Furthernore, the | ow noisture content of the

solid phase sludge typically results in |ess sludge

by volEursheomdies,r enbved cat mhésendeofcdriternyr oc€ssthe solid

Advant ageousl y, no ddi ti onal egui pnent or
iMiFEst qfr 4R recPto-5 ﬂblf%%% FHRALHALRY afiglume to

ROV Sfedli $SPOSEe Obngerer atRd palidge. Asdtd€tageously, no
bi or enedi at ed waste can be Lanézfllled on- site, " no
adiitiional t canspoendt | o oinfreatwesturest $sneedquived to

[ red, rdi to anot her_aspect, there.is
:)?:r%olvllré ed gdel?s@%cc oaf%at lf%é% ®ong" of&t?%o?%l I%%vi n%enerated
rdleidees.gariss e Baich ddnusd i Stped MLEOOr @aniisésland-filled on-—
Aci net obacter, sp. microorgani sns, and Brevibacillus

S Femi ADAYEHIGRRL florrR RO RN A oFreatigt | Fasts need

fror Yo 83141« _hydrocarbon sludge. According to
anot her aspect, there is provided a bed 15 of

hydr oéd@ceaatigigudge dravilmgr aabpett) mtbempr isi myatided a use

| east ne of the follow nm_croorgani snms: Bacillu ,

S5 i FTBT GANF o RE, RS et obaEr BT Ry g shecillus

apd BIevébagihlsifs SP AN RYAHUS B . AGGRRGIJIGad sms  and

anot her aspect, there is provided a 20 nethod of

RV s IEilese it aRiBRCPEERNEEYSE of oFeridtt afpagatiaon of a

I r 0 LSl S f: (a)

B e A e B e e PP PRe S fene . zome:

(b) séedomdisgi dohydradesbonssdadgetivet is provided a bed
one of, Bacillus

DTSRRI 35 Lol oLng ot Loash, oneof, factLusy
and Brewi bagid | Uso$PowihEr O UBU S PRan (s of OF BaRg 18us  sp.
bi ofi |l mfrom sai d seeded m croorgani snms; and
microorganisms, Acinetobacter sp. microcorganisms and
Brevibacillus sp. microorganisms.

According to another aspect, there is provided a
method of making a bioremediation facility for remediating
a hydrocarbon sludge comprising the steps of:

(a) placing said hydrocarbon sludge 1in a treatment
zZone;

{(b) seeding said hydrocarbon sludge with microorganisms
coﬁprising at least one of Bacillus sp.
microorganisms, Acinetobacter sp. microorganisms
and Brevibacillus sp. microorganisms;.

{(c) forming a biofilm from said seeded microorganisms;
and

(d) degrading said hydrocarbons within said hydrocarbon
sludge using said biofilm.

According to yet another aspect, there is provided a

kit for use in treating a sludge Containing hydrocarbons,

the kit comprising:
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30 (d) degrading said hydrocarbons within said

hydr ocarbon sl udge using said biofilm According to

yet another aspect, there is provided a kit for use

in treating a sludge containing hydrocarbons, the kit
conpri 6ing:a 4s¢ljt dosolcohitaindomrt aithi hgast lerstodnBacillus
of Bacil | us m cr oor gani sns, Aci net obacter sp.

R oDH GEHPSHRLAAHS B T S R p o G G RRd TS and

amfld hacd NBLS UGl o I r LONRIAG, 1 g sai d sol ution
with 5 said sludge under conditions to at |east

partlylﬂédu@§ﬁﬂu§t%mnMnfOQfdqnnaﬂ%mbpnsand saildition with

useggherel #$ have %fgﬂﬁfwwr%%mﬁ%a?ﬁggggfgg:r%ﬂgce the

taaomn'thydy wq,arf@mxsddmge:h rsefier $1teigany solid or

sem -solid material containing hydrocarbons therein

Typi cally, the hydrocarbon sludge is generated from
muni ci pal, industrial or commercial operations which
15 contai ns hydrocarbons cd%%ﬁ&ﬁkk#qqﬁat are at | east

parti %Ihley J‘.k’yl %%\glrr?Pdaw?Jn[eds afa’ t%%ﬁ%blu%e%f hbeefenr_l% br,0 kff have

down by the actio i hNg m Croorgani sns
¢hﬁﬂMa&n1n@h&nﬂjﬂﬁ¢ﬁﬁMbon sl udge may be "petrol eum

sludg gener at fromthe etroleun1|ndustr The
hydr o D o 1 ug*g%dlﬁ%fgﬁlﬁ@fzo Heneral Fgfassi 64 FporFolid or

Rebfiolseumacr Udet 8tk a1t hesoRAUMRPSJ | oﬂy@EoEE§b%hl therein.
present in the sludge may resenbl'e crude oil or

detiived liyydr ddur bohw@r@@aﬂcbcsn hasilngga bdisl i mpnamigel  from
,as hi S rosene/ di esel The . sl udge
%nl%ﬁ% PA’t he' r?%rs?nc oJfaeL hul §P %S'ﬁ‘ergﬂréﬁ aSRE N NS5 which
id@nﬁhhnenulﬁydibcéwh@mé-II&dmﬁduhd%WU|§h@6, A rdn XLYr eSleast
thereof, wherein the oil phase is typically a
RPdtdedrBonP i PESEFRAABLE Y ort (7 oducERsPifel PTt ebeing, broken

coRl 8y Ohe action of living microorganisms. For example,
the hydrocarbon sludge may be “petroleum sludge” generated
from the petroleum indust;y. The hydrocarbon sludge may be
generally derived from petroleum crude oil; the
composition of the oil present in the sludge may resemble
crude oil or derived hydrocarbon products having a boiling
range at least as high as kerosene/diesel fuels. The
sludge may be in the form of an emulsion, such as a water-
in-oil emulsion, an oil-in-water emulsion, or mixtures
thereof, wherein the o0il phase is typically a hydrocarbon
resulting from production well testing, completion,
production or refinery operations. This type of sludge may
have an initial content of = water and sediment of
approximately 10.0% volume or greater which severely
reduces the commercial value of the hydrocarbon phase. The
sludge may typically be produced as a mixture of crude
cil, water and organié and inorganic solids, and 1is

created as a waste of the various production processes.

5
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production or refinery operations. This type of sludge

may have an initial content of water and sedi nent of

30 approxi mately 10.0% vol une or greater which

severely reduces the comercial value of the

e aclarden Phaseresfineentsinmges frayodygs Ced vy dewide variety

produced as . a m xture of crude .o0il, water and organic |
FRBPGIAELCRS! I AHATPSLosie4isd -as AMA@lpf @ prime

thanyald Qs @rggaggwﬁb@ﬁ OCE§S8ES: isO al Rt NG TPludge and

treatnment may of course have a w de variety of

dENsEsi t toas exsardlsar adi erlgseds healeimoughimaptiye refer to

I f drocarbon, sl udge.is t.rol eum. sl e
?r%%ﬁ%ﬁ%e,ha% eoceaxrgbn%r} esgh"bf‘%l%ec’l o} dsﬁ8$$?{n%& inr?&reicfa%at the
rtefrer tefdrpetyol edm i onarhah skidage idesshmdd debem any
noted that the termrefers to any hydrocarbon sl udge
FEMNFES -f rom any  sources. The term "total petrol eum
hydr oggrbor’, WERHL 5 T t h fggggg ” “ o
petr olqglﬁem g&%t a-rli:{odsjtr%ln ?eecrl%lcegﬁ% a%l nat e rrﬁbg{neri al” TR
thederiss ttw bethe eagmodunTheofer petirréatmentsbl landnts in  a

rammat.i cal variants ereof, when used in connection
TP AR RS D65 Cer Qgbiat aFerS P8 ARg=hEHhod.
t echnirgee, ©5rir 0Cessathiceh ~r eSWAS g@aﬁﬁg!ﬁ@@l' oy Pfiants
the hydrocarbon conpounds contained 15 within the
$§hgaget  Fotheaxangrd, ik heoppeat Rt Wigy ihwdslogarbon sludge,

at.i.o dr S0_as tral.ize

?%g%gg gﬁﬁ%ﬁﬁ%dgggﬁﬂ¥higégﬂ$§£§%fn?ga %%Fgggeﬁﬁgﬁ% results
hydr degrbdatishudge nohet oxydrosafiesn f ofoip@ns@®r tgontained
a abl e for recove&y, anenahl e for storage, or .

A Hab ghleorSld’idgﬁosal 0T GEPE Ser hlG G e glwolve

subshaneeoar Jmtald alya M Lihdss capahke +8f ANSING ze toxic
damage to the environnment or causing danage to |iving
6PHRALEAE, Fuvariadd | Hessebn,; amd exendere easbs hybatdarbon

Lngested, .nhaled .or absorbed by the skin. The
\tégrsﬁgﬁae%}:ﬂegox&ﬁd gri“’é?irrmalfe ica?rvagicgﬁtc’ﬁorg’ Sidnable  for
recovery, amenable for storage, or amenable for disposal.

The term “toxic” refers to a substance or material
which is capable of causing damage to the environment or
causing damage to living organisms, severe illness or, in
extreme cases, death when ingested, inhaled, or absorbed
by the skin. The term “aerate”, and grammatical wvariants
thereof, refers to the introduction of air or some otﬁer
gas into the material to be treated or into the facility
in which treatment of said material takes place.

As used herein, the term “mixed culture” refers to a
culture composition comprising any combination of
microorganisms in a culture medium. 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 composition which is ™“substantially

6
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25 thereof, refers to the introduction of air or sone
other gas into the material to be treated or into the
facility in which treatnent of said material takes

pl ace. As used herein, the term"m xed culture" refers

toree” cuftohe €onpagi then e@mFueebmg amyee0NBk-BAt i @0  Where
of 30 m croorganisns in cul ture medium The
CHBTRERATON Ry DECRT napybetanédieildyy, mRY bRt el from

r\%@e&ep{ni{%ﬁ/lgflaéhe Sﬂ?‘%‘?&fﬂé strains, or contain

cell s of divergent species wor d "substantlally"
does Agtlexe| uwedidirpl ebehytwésg, atlconpesins ofcehpehsing"

su,bstantl all]y 6 free" fromY rray be conpl e ely
LT RO L er  STHbodUSaFy e Wi Lante therbor, are

"suhstiesd | ebl ye Bﬂ@%eﬁ@ O%kkh@d(iEOﬂlnéfﬁ%£$g“n1£h§ua85 such

the invention. Unless specified otherwise, the terns
tétﬁﬁ:)r i 5hay" ipcinde" compritset @rﬂ!ﬂeg‘r’faimdwtal also permit

lé}{é Sorf I”@f]r eofq: A &ad ntlﬁ}r}ﬂ <id ) TERlesent "open" or

i nclusive anguage such ey iMCl ude recit ed
el ememts bstdahseepar mthe i Netmwsirapoat " addint lmmal context of
unreci ted el enents._  As used herein, the term "about"

iGPHIRNICGHISAS of 00 CHMBERETES on®fof EBRponéRFEUSptions,
gy fcr M) atd Q0.+ /1 Y C@fl ﬁ'hge§9§t§é vé?(%@f ﬁlgﬁe typlcally

stated value, nore typically +/- e’ stat
\ﬁaﬂ-ue‘l rr@fethjaplscrai’d%ﬂ +al39% omorhetysnaaédiyvai/ue 3° of the

typ| ca qypvaclage' 113/;{]/6(?-‘3 %%/ggé?i\ggdﬁ teg Vgﬂ% even rsalue,

mmahtmﬁﬁ£atyp1¢é119 5%%0ﬂ4fﬁfstﬁée@tﬁﬁb@evalue, and even
Thr oughout this disclosure, certain enbodi nents nay

RgsEd Livh o T #h@eé fodr rele. STt teido viad use
underqﬁl ghididt Eﬁfsd%f§§(¥Q§d¥é 'ncééggfﬁoQ%@Eg nts may

merely for = conveni ence an revi'ty an

bensdisebossd ann20: | ndhexi Moernatni t &t | shoaidt e saoperstood
ofLhe disclpsed , ranges., Accordingly, the description .
convenience and brevity and should not be construed as an

inflexible limitation on the scope of the disclosed.
ranges. Accordingly, the description of a range should be

considered to have specifically disclosed all the possible

sub-ranges as well as individual numerical values within

that range. For example, description of a range such as

from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,

from 1 to 5, from 2 to 4, from 2 to ¢, froﬁ 3 to 6 etc.,

as well as individual numbers within that range, for

example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range.

Brief Description Of Drawings

The accompanying drawings illustrate a disclosed

. embodiment and serves to explain the principles of the

7
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consi dered to have specifically disclosed all the

possi bl e sub-ranges as well as individual nunerical

values within that range. For exanple, description of

a range such as 25 from1 to 6 should be considered to

hawve: sqeed fieadloldd meglitsCl D8edi Subo apgesursichs Bsod ) OMoever,

to 3, fromlto 4, froml1lto 5 from2to 4, from2

tehd: f o 3 fsapisgs. | 248 vve‘liﬁs%a%n?ﬁdi idtal miseres  of
i f q;@crrp : a

\',I'mlglgl%pgpalh?le%ﬂ ?tglgg dI gég 0 gt ﬁe reagltti#mf Eﬂe Limits

rahgehe BriiefntDaescri pti on O Drawi ngs The accorrpany| ng

drawings illustrate a disclosed enbodinment and serves
to exmigl1Ifﬁs[Hi$m%¢m&$1©fdtﬁelngsdbSCbﬁéedmbodlment of a
enmbodi rrent Is to be understood, however, that the

i H§E arJerl dé‘S| }@h%ﬁr?%Fm%%F pdSEE Gty | FRishr atiohizes the

ol 361 h NYte AR dGfAdHddon ffgthe limts of the
invention. 5 Fig. 1 is a schematlc drawi ngs of one

embodigient of a5 pLt USEds &Pbﬂ%iea\%{@Pt JACHHd Ypit of

whi ch uti'li zes the di sc ose trea process; and
Fligi. 2. s a cross-sectional view of the pit of Fig.

1. 10 Disclosure of Optional Enbodi nents Exenpl ary,
non-limting enbodi ments of a novel process for

bi or emedi ati on_ of  hydrocarbon sludge will now be

di scl osed. 1PHIRI[Yxe RH\PREHCRADBRRRAineRts reat i ng

a hW#J’x%%@J 1099 f ﬁ%lmftgﬁﬁc fe?:g;%‘?iﬂé:ﬁdé“g Lhe Séepnovel

contactin dr ocar ge wth a brofi
@amme|8§| rfgnatbi@as:ne@mtncbntbé fhyldrowiangpon sludge w111 now

E cr oo%ganl zi:j’B Baci | | us Sp. m croor ganl SN,
Sp.

There is provided a process for treating a
hydrocarbon sludge, the process comprising the step of
contacting  the hydrocarbon sludge with a biofilm
comprising at least one of the following microorganisms:
Bacillus sp. microorganisms, Acinetobacter sSp.
microorganisms and Brevibacillus sp. microorganisms, said
contacting being undertaken under conditions to at least
partly reduce the amount of hydrocarbons in said sludge.

The process may be performed in situ or ex situ.
Where an ex situ process is desired, the hydrocarbon
sludge to be treated is typically excavated and placed in
the treatment zone of a biotreatment facility.

The treatment zone may be a reactor, or a plurality
of reactors, equipped with means for controlling
conditions within the sludge during the process. The

means for controlling the process conditions, include but

-are not limited to, means for controlling aeration,

temperature, moisture = level and nutrient supply.
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20 m croorgani sns and Brevi bacillus sp.

m croorgani sns, said contacting being undertaken
under conditions to at least partly reduce the anount
of hydrocarbons in said sludge. The process nmay be

[T f OF R Hd1 5] teh®l t BXabihbiie zMAEr ﬁla?n Ohpyilde a pit or a
process is desired, the hydrocarbon 5 sludge to be
th kil % af fliddl 1 y excavated and placed in the

treat one t It T .
treat % rieogle %ao"?%gérg %@g%@ﬁ%n%?&% 5 %gl r@?g/ wlggreln the
E s, m&BXl]Ube@:@r\zﬁdﬁmamar[glé Opltoﬂtll)mnia}ﬂgbe constructed

ondi.tions within the sl during, the process. The )
g‘@’nﬁ%ﬂg“?%r acomtrdiantig Oia’e PreesotdndpEron) » on which
e Udﬁy@k‘bca%@nnmslldd@et ed(gp, Fﬁ‘é@rns Bor eanteal linghg a
aeration, tenperature, i st ure level ‘and nutrient
ﬁ]&pﬂ%ﬁntlgllmt exrmaﬂvmvys theetr ) rreﬁ@rz@:@erelmqu said pit

e L e I

meﬁj‘ or ged. Thetpi tl{d)tsmy he con@bmy@ll@dm@ by polyvinyls,
formng a substantially inpervious base (2), on which

7 YRFddd &t o R st (RRYEY 55 Ty %P%%%ﬂ pa%ﬂvanyi§ include
%ﬂﬁﬁkﬂﬁﬁia”dhldﬂ§aWﬂ(%§V@Overpéf% lCO¥ étQE Sa'gthylene

pit - (1). Suitable material’s for ase
|Vn¢1ydde acbtetare nandl | mctrté:dLrtat,lqm! yoltélfema@f Exemplary

15361 \?Sﬁﬁl% |H&“Fﬁ'b‘g “Bot Eﬁwgﬂ% fﬁ’%esm RSTPLELY (opy,

NWthe@%ett@tx%pkﬁHM PﬁﬂWax@@eé@ﬁﬂSJ_n@ﬁﬂons thereof.
conbi nations thereof. Exenplary polyesters include

ﬁé]e;f@trﬁx}qlé/ne *{hﬂ&)mab@ry@loéyrr@ﬁég(lme baes ydehyladhethe pit

hep a at,
?ef e%r@?éﬂ%]e %%gr{ig forl%Ell td %ﬁt%hzg&%it%\?l?%e (HDPE)
mhleet(sl) corrﬁur:hes s*.t%aﬁysduhyehl glhredensidd) in the waste
Such sheets are preferred

pol yet.h ene (HDPE), sheets
Cﬁmt)é %?%\F%ng’ SCRUGSt r LB aude SIS desirable
@%%%ﬁ%&ld%%éfgﬂéhce and strength. Alternatively, the base

(2) may be constructed from a material such as epoxy,
cement, gravel or the like.

To ensure uniform access of the microorganisms to the
hydreccarbon sludge (3) and to ensure uniform process
conditions, for example that of temperature, moisture,
aeration and nutrients, the layer of the hydrocarbon
sludge (3) on the base (2) preferably has a thickness of
about 0.25 m to about 1.75 m, more preferably about 0.5 m
to about 1.5 m, and most preferably about 0.75 m to about
1.25 m. In one embodiment, the thickness of the layer of
hydrocarbon sludge (3) is about 1.0 m.

The hydrocarbon sludge {3) may be bunker fuels, drill
cuttings, shipping sludge, oil spills, grease, Jjet £fuel,
diesel fuel, gasoline, hydraulic oil, kerosene, sludge

cake from blotreatment plants, biodiesel, refined oil and
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chem cal resistance and strength. Alternatively, the
base 20 (2) nmay be constructed froma material such as
epoxy, cenent, gravel or the like. To ensure uniform
access of the mcroorganisnms to the hydrocarbon

stugl@ge I .and g, ensiung URhEOTHY PF QACLSSon£0adl tL9AS, sludge
for exanple that of tenperature, noisture, 25 aeration

abechide | efesbinhtipager odf thféikhyd@bt}ahi@‘@-hcs sl lﬂ@g’é:ss and

f Ly ha ckn
a% r?i‘%{g% ﬁ\é%;%é%outﬁ% gftén Cr’r%rgygfe 8F§85y a%%ﬁfi in such
OsBudge t dnabade péntacrnd-omsindiref epabky; ahautyc®lérinated
mto about 1.25 m |n one enbodj nent, the thickness

OPYRIRNY LS of PoBS) BoPR R 5emRbbR BYHagEarBynss (RAHE! such as
lné)pmha{rf&@ydaagﬁ&geenél Ud&%rﬂa@tﬂ@&’e,beagé’ﬂgﬁﬁtﬁgféﬁe, and

drill cuttings, shipping sludgée, oil ‘spil gre
erém@d diredeinufalelar gasokirosathydr aul i (PIAS), 2,4,6~-

keros udge frombjotre

oﬂq%se O T hed %l&%)and nﬁkﬁ?ﬁﬁgigﬁPseTypmél 1y, benzene,
t’(hﬁlll'é’fd‘f ocatbgmsehleﬁ@ph xgle@eh@e (Bot udeocerbhBat g@&éfflns,
of bot h allphatlcs (C5-C36) and, aromatics (C9-C2

o3t oekipbngenphhgtinssudie sinidge)i nEfiidef the
h P S ol yehl, o d S
F*EW P e naades Tryar SeaTlnLy (bfEHES (SRS 51, 000
rpmhtﬁtalmrmt amw@i@@nppmaceMapé heppicatépaphhbylienejial TPH
d ol ynucl ear aromati c
S otorensot g O0R BhBee sttt (189 Cdlpameand most

tiojiena. 18t hytdhenaene. Xyl ene £BIEX: apbeli 180, 000 ppm. The
paraffins; 10 isoparaffi nsand ot her xenobi otics. The

iidncsartem o ludge h%/)drm%xfebmblsy udge ¢&3paryprdal byze that
ges..f Qut, 1 O ppm.t.o abou 250 000 _ppm

l\}basl'r}e ?Sfrﬁfggﬁ%% Ljtyhel lllal 'FIQH el frgr%cgﬁ’gut of the

@m&q&@nmmnabouttOZOOt@&O pmm@@dmma;st tbypi pal | ydegraded.

from about 10, 000 ppmto about, 100, 000 ppm The 15
f@d@%&dﬁ siItidge RE3)t 5116t eFdmey Rds §hﬁarﬂaéleé‘l§|lzet° be

tﬂF@ated is about 1 mm to about 15 mm. More preferably,
the particle size is about 5 mm to about 12.5 mm. Most
preferably, the particle size is about 7.5 mm to about 10
mm.

A grid of porous conduits (5) may be placed on the
layer of hydrocarbon sludge (3} for supplying air to the
layer of hydrogérbon sludge, and microorganisms forming
the biofilm therein, when required from an alr compressor
{(6). Suitable materials for constructing the grid of
porous conduits (5) include metals such as galvanized
steel and Stainless steel, and plastics such as Teflon and
polyvinyl chloride, or the 1like. The scale of the grid
typically ranges from about 0.3 m to about 3 m depending
on such factors as the overall size of the pit, the load
of hydrocarbon sludge and the thickness of the layer of
hydrocarbon sludge. More typically, the scale of the grid
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is sufficiently small to enable access of the

m croorgani sns to the conpounds to be degraded.
Preferably, the particle size of the naterial to be
treated is about 1 nmmto about 15 mm More preferably,

2 ddnes PeFdnl CAost Z@. § Smabgubhpa Mzt g ab@dt 12,5 MM 1y, the
Most® preferably, the particle size is about TV.VS mmto
d&seute 10f e riydi tandepoioos ebeddi s (%) tmyalpmut 1.5 m.
ac an, .t | ayer_.of hydroc n sl udge. (3), for
SRR A SR O St e gk ™ The
ared: fildrertaargabh s ehd ogriag dhe pbirelisl nedh@ietH, Whenthrough
required froman air conpressor (6). Suitable _
r?ﬁﬂéﬁ A fiot THRLISE NG Rhel efdeorat pobirble intervals

CINAUH (P)er NG UAGBLA Sorf UCH: 8 A3 VAN t?l%lg iﬁ@%als of

and stainless steel, and plastics such as Teflon an
3@ rfoinakiinyl agtel @bodd, Sorcrnt hieo latkeut e smwalmoond pheferably

rid, typically ranges_fromabaut 0.3 mto about m
%lé)p?élr?di‘ﬁyngcm g%o s%%‘ﬁug aitr’ org a?n%h Losve rpﬁqf%sﬁa?’g'yofa%%t > cm
Ridt .addig l1aadm.ofedidy ocar hen, shaidgei Bnds 1hey tihekpessphery
of the layer of _hydrocarbon sludge. Mre typically,

e t@alrd fof ()hekfvied Srryhrige s ¥ o s 5 nfieh berms

u I}QEI LCaH Iy, . t eno h (
%ka}%gg)sl?effrggr% a Olfa{ﬁlcgj.tQ%rﬁ%/oma %u?f‘%% r%f7 %ﬂn%on?]edl%th' More
eredeiraity, tiie sSicatms ohreheakgnitd 0 s3ahouto lamwudhé.6 m in

erforation in the grid of porous conduits (5) thrqugh
W Gk PC IR 1 P sBEETFEAPy B oRSTEA &esiATaf e0-3 ™ to

aperval.$ nofinaheuind cmto about 30 cm Preferably,
the intervals of perforation are about 5 cmto about
20 cmfheord tpr &F er mbYy beatymie 132 & nv i bh absutingd: wmovsndcover

t.pr rahl. o to aut 10 cm. Berns (7
T 68 B, e B i fong i g ¢ fdatment
abaee @roundahg avditdbiwn-mdfsridDuchabe®s usd® as a cover
gz}iferably aboyt 0.2 mto about 0.7 min width. Mre
r

plef 8Bl FXRd Cherhs &7 SdbdRY CXRRISS dButsyS Pterial
bWBed for the base, i.e. heavy-duty HDPE, polyolefins,

polyvinyls (e.g. polyvinyl <chloride (PVC), polyvinyl
acetate, ethylene vinyl acetate}, polyacrylics, polyesters
{e.g. polyethylene terephthalate (PET)) or combinations
thereof. Preferably, the cover is tilted at a suitable
angle to avoid retention of water, such as rainwater, on

the top surface of the cover. For example, the cover may
be tilted at an angle of about 5°, about 6°, about 7°,
about 8°, about 9°, about 10° about 15°, about 20°, about

25°, about 35°, or about 45°.

The size and number of each pit (1) in a biotreatment
facility may be wvaried according to the treatment load.
Typically, the treatment load ranges from about 100 metric
tons to about 10,000 metric tons. More typically, the
treatment load ranges from about 1,000 metric tons to
about 5,000 metric tons. Most typically, the treatment
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wi dt h and nost preferably, the berns are about 0.4 m
to about 0.5 min wdth. 15 The pit (1) nmay be
covered with an inpervious cover (4) to maintain
controlled conditions within the treatnent zone (8)

Anyaguitates matkeni abomy beousefledsia v t&4hboher 4,000
exanpl e, the cover may conprise the sanme materi al .
UBEHTREr &S basdon . 8. teaRndk yIMDPECfpIittef PRY, metric
2@0&9!,y\ﬁo'}ylecxé &%, sz' égknﬁlim%ﬁlsﬁghd%f( %\%caut 50 m x about
pol yvi ny acetate,” ethyl'ene vinyl acetate),

pdlyacryl ebsptpdl.yesteis tyeigaligl weidd/l ehence, for higher
terephthal ate (PET)) qr cqnbinations thereof,.

PEGROTHRTY. ERESeoeP oS Wt Bd 4 s fiaed g be used

teravpi ghh i enéy 0BrOfp e efitiguUchias JidldMalRl . mPP B used.
the top surface of the cover. For exanple, the cover

ma} et enbedimenin awlgbet okighsutpbis alsagt eonaboucted as
7 8, qut qut, 10 bout 15, ut ,2 .
aESﬁ? Qg%d %’%&e Sggro%%aeboﬁlfe%%rge e%i zaebaog'lgcd %Uﬁ‘ggr metric
otosachfphidtdtarbon bliatigeatnment 30 facility may be

vari ed _according to the treatnment |oad. Typically,
t he trgﬁ?mﬁﬁC4Q9£94Q%%%% PFefrabd Eb@ FBIAGESS t BRe  those

tQhQQOUEréO’QQBaEEEri%ft0@%gr¥%ﬁ%%ty%gﬁyéd%mbkge compounds.
treatnent | oad ranges from dabout I, 000 netric tons t

aBoafeBab0, netheé c monscoMpstisypi catd y,cageblta eatierfiorming

11.1 f bout 2, 000 tri t to.ab
DB IRE T I%° i AR SRl | it oBe andaplgbgd  and

NBhEi6hedONs friogr examdl e, hgdpbkadbBRNSI WL Rigabout 50 other
m x about 10 mx about 0.5 mis typically used.
HBREEQOF SR hFPRet B tt meaf neat Useddd, angpi ennichmgnt methods

| . \ _ q | . _—_
WG 5P TRREEAR T RS Pl e Yull i PkpEnin the
abodinerghskplis af etlconst kst bell@sab ke siorn i ties above

for th§ treat nent f aboutdZ,O Q matricf tons of _
?%%ﬁ gg%ﬂ%%_y, mixed cultures of the microorganisms

hydr oc
are used in order to obtain a broad spectrum of
biodegradability.

In one embodiment, the process comprises the step of
adding a solution comprising at least one of Bacillus sp.
microorganisms, Acinetobacter sp. microorganisms and
Brevibacillus sp. microorganisms. In a preferred
embodiment, said Bacillus sp. 1s selected from the group
consisting o©f Bacillus lentus, Bacillus megaterium,
Bacillus pumilus, Bacillus cereus, Bacillus subtilis,
Bacillus sphaericus, and Bacillus licheniformis. In
another preferred embodiment, the Acinetobacter sp. is .
selected from the group consisting of Acinetobacter
haemolyticus and Acinetobacter baumannii. In yet another

preferred embodiment, the Brevibacillus sp. is

Brevibacillus brevis.
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10 The m croorgani sns useful in the process are those
that are capabl e of degradi ng hydrocarbon conpounds.
Preferably, the mcroorganisns are capable of formng
bi ofil ms. Such m croorgani sns may be isol ated and

enri chad énmem dnisodicksocar ore smidgeorgahensmtd may form a
and. enri chnent

. cr.oorgani sps that, may be useful ] )
g%?ﬁégg' yse% t%l?ﬁtigasésniiro%?%mu%bB%Ia&#cnm%ﬁﬁPorganlsm
webbiukt hi gphhe  ebdinary skidds0f thesich  enable  the
know edgeable in the art. Advantageously, m xed

Birropeganisnhe W craysrlyani Sieredioe usebdvanoaderusby, the

' [ bili . . e
Jgg%ghﬁggar)fﬁ%%% %E%Ctdr Llj:g] %f dugeg rir%l %%z:gr{atﬂg:m;toleftpyt&el ri)lofllm,

11
ne enoo n e pr ess r's

andi g o oot iGs=C OpPPpL Bh Dot roeaste bRecfveaRgi klkdst the
sg. m cr oor gani sms, Aci net obacter sp. m croorgani sns
2had9Br evi PtusPIPY nPerser fanhi Sieeryn aAtpAsf efresgilated

@éa@n‘ogﬁénefmc_rééjsg?ﬁfgﬁyU§rép-agfes gct ués FUR NG ively

group consisting Baci |l us | entus, Baci
regaseantm thBaci iblusbpuniyus efBacickl usoer ensgrent toxic
haerj cus, .and Baci

Baci|lus subtilis, .Bacillu | us
Cotheniar fresait iRacing BYaRarrEaSHnia sy Teipbive to
ACh N OPatH emi §Pook§aBPsmsl eehed hhoMbkhe@r @b the biofilm
consi sting of Acinetobacter haenolyticus and

PEPYREBbAcCt eF bawRRNYY . ERvyeenassther vhpebf eraklpws  the
i ; e, Breyij Ly . 1S ' i]lus

SIEROLPBIN 0SB BYberidl ve Shisdomotiontllve

f or m Bhe bi bfiblftlmA biaof i | fuksharcomampirtiyse0f one or more

m cr oorganj sm sggiies that form a surface which

Bhab? e YHE ST cr o8t §ahPSns TF8ManthEr OREIE o Consisting  of
PRt REeYS| ¥p L Ne 13 5kBYER OLg Nave founglhal. dug 10 ang

formation of the biofilm the m croorganisns
Abpul ar¢oms nope eflheotpvelpodisantt heaisl idgdilw tduptrises
5§gngogou%%r%y %ﬁ%%%%r&§n£§ﬁ§ﬂxgé §g€§h from the group
consisting of Pseudomonas aeruginosa, Pseudomonas
stutzeri, Listeria seeligeri, and Alcaligenes faecalis
type IT. 7

The selected microorganisms may be combined with
other additives to form the microorganism 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 about 55% (vol)
microorganisms in a microorganism culture. The
microorganism solution may further comprise additives and
nutrients for the microorganisms that are useful for

promoting growth and stability of the microorganisms and

~enhancing their attachment to the hydrocarbon sludge

thereby enhancing the efficacy and efficiency of the

biodegradation process. The additives may include

13
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that the mcroorganisns are able to nore effectively
resistant the inhibitory effects of inherent toxic 10
compounds present in the hydrocarbon sludge relative
to non-biofilmmcroorgani sns. This may be due to the
bibof1dari cqpk ovi diange by sttgppor t (sani r onnent Whisghysald sows and
the mcroor anisnﬁpko flourish in toxic environnments.

) fu

TR OFI5 M deTConpFHSR e BRogpRgteisoutier) and
Nd&F OO G $ 1B (sekect gd f ge@b&hgn?r OW 16ARSISIRY Ofsorbitan
Pseudononas sp., Listeria sp., Arthrobacter sp., and
ATHIYennd frlyvammnsenbodkamptliessad® bibfients typically
co i se e or, nore_.m.croorganisnms_sel ected from
HEBIETD  dBnsi 507 ng 5 PERHTghoRs S8RUSTRGsa, 0 enhance
Rsaucsinias g 20wshUtazeY 151 ddesdeidat seel Lgelidearthirbohydrates
Al cal igenes_faecalis type Il. The sel ected

n VGO FANTERECRBY HEUEBABE neBAW PR 0BHEL O88di Bflestarch) ;

tO O MA NG, 41 cropigand smaiitian. he s f81Cr OU LN  and

content of sald m croorganismsolution nmay 25 conprise
ablotte 3005 { viol Y reogerabout r 786 (voth anmi oreel gamemeum salts,

about 40%.(vol ) to_abput 60% (vol) m croorgani Snms or
éH%ﬂF’4§ﬁ%%§pl}rtdnﬁﬁgﬁtp§§§9%96V) YHrd gmﬁ%tﬁﬁ%ms pptone,
acdHIDH FRd BPR Stk 4 Uied FHee PLEHOBKERALEEY) $0bMM QRorganic

may further conprise additives and 30 nutrients for
tHERAWTHOr daRCENsa$ harsmes pwsef ghlfske, prapdiymg phosphate,

; 5l 0 i ni .
SR e AU, PRl M LRLEPLOED ST ETRA, phdggice and
tehmercebyure nhismcitreg t he efficacy and efficiency of the
bi odegr adat., on process. The additives may include 13
bi ol 031 AP IGRHa M SHL LN Fs SRS & arfPmprise:
nonooxygenases), buffers (such as phosphate buffer)
and _surfactants (such as sorbitan, polysorbates,

sorbitan esters and pol yxaners). ExanplleBedative proportion
nutrients typically (%)

Microorganisms

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

603

6011
Bacillus cereus 508
Bacillus subtilis C 601/1
Bacillus subtilis C 601/2

Bacillus cereus
Bacillus cereus

Bacillus cereus

N 0O 0

Bacillus sphaericus C 605
Bacillus licheniformis 7 507 ST
Brevibacillus brevis Z 6030 PT

Pseudomonas aeruginosa A 6017

NN RN NN N NN N DN N NN

Pseudomonas stutzeri B 5012 ST

14
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5 included in the m croorgani smsolution to enhance
m crobi al growth and bi odegradati on i ncl ude
carbohydrates (such as glucose, fructose, naltose,
sucrose, and starch); other carbon sources (such as

Memtietrola, seerlbigteali and01dl ycerol ); nitrpgen sources
(such, as urea, annnni%?%%glts, 10 am no|acids or crude

ﬁ?@?&oﬁgﬁafe§§ﬁt€§FFa eptone, case|n hydr ol ysat es
gt uldon@ nlsa R t@tlaGt $) soand i norgani c | conpounds ;
(such as magnesi um sul fate, sodi um phosphate,
perassiobmepiess prgme L y¢adingntchP8ri de, cpl ci um chl ofi de
N AT BLLLSLE) s 3O sfhypical m proorgani sm
solution may conprise: el"ative proportion (%
Fcdheop@ariteds HBatizhhis kespus A 5019 S 2 Bacil laus
negaterium B 5013 2 Bacillus negateriuwuc 6019 2
BaCPLEgenpanitrasaeis0tyrsTIZ 2B&EEPI 62 Lereus C 5044 2

Baginl-bus ~¢ereds Cc6Qds2ppBaci Il us cereus C 6011 2,
Bacillus cereus Z 508 2 Bacillus subti]Jis C 601/1 2

Bddikhiwessubtilis C 601/2 2 Bacillus sphaericus C 605
% Bagi Iu% I%Chegafﬁinis Z 507 ST 2 Brevibacillus
PeFPey°cB36 BT eudononas aer ugi nbsa A 6017

KHaeuvdapegas stutzeri B 50127ST 2 14 LCigteria
seeligeri B 5011 2 Pseudononas stutzery B 509 PT 2

Yeast extract 15.7
Sodium chloride i5.7
Glucose 15.7

The microorganism solution 1is preferably kept cool
under refrigeration until just before application to the
hydrocarbon sludge (3). In some embodiments, the
microorganism solution may be kept at room temperature
(ie. at about 25°C) for up to about 4 hours.

In one embodiment, one Oor more solutions of
microorganisms may be provided in a kit. Other than said

solutions of microorganisms, the kit may comprise

instructions for use as well as additives and nutrients as

described above.
Once the hydrocarbon sludge (3) is seeded with the
microorganism solution, the conditions within the

treatment  zone (8) is 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, moisture, temperature, pH, aeration and nutrient

supply. The optimal wvalues for such conditions typically
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Pseudononas stutzeri B 6013 2 Aci netobacter

haenol yti cus C 602 4 Aci netobacter baumannii Z 6011 4

Aci net obact er baumannii Z 6013 4 Al caligenes faecalis

type Il Z 6020 ST 2 Arthrobacter sp. C 505 PT 2
Addpendes Phosphat e drifderiqrl Mpfl mNutrdertsi¥east in  the
extract 15.7 SodLgP%chloride 15.7 Qucose 15.7 The

M ErFborgantsnftsoP Rt s preferably kept cool under

refrigenatbee ushbbdaimsht befone appldoatd Orbdrpcérhe of said
ngdrocarbon sl udge (3). I'n sone enbodi nents, the

FEB0EaaRPB MSIGIAaS ohs mapE kept @tt)r obm taélmlitr aEQi%e (wt) .
(Egef§£a§?9yt gﬁgb RSESHBI% %%%% % h%%rs derocarbon
enbodi rent ut r'ons

one Or nore so m Croor ganl
mayudige pt svidedti B%a (ki) . tOt hevoutharssaiud ) .SAditdmigeously,

of n1croorgan|sns the kit may conprise, 10

i FREr udPFond' it iie aSORMEEItas 18ddi PRV andfor promoting

N FhePLSnass @%%Cﬁhkﬁﬁjﬁp9¥F tfBCR:i EREoPYIRPCALPORhere the
sludge (3) is seeded with tHe m croorganism solution,

tihel conye t icoms-anitt hoh tihe hyéabnembomon914d96| §3) are not
C&f{ﬂfﬁ and n|t red such that e condlﬁ OES £ L
are i n alngée Frgﬁ oﬁﬁqﬁﬁ% re r%%l? - efiR3hEthg ot 2+

N gd Obt &b @ owllndaed (¥)odegradat | judhed eendifdtonst falls

to be nmonitored include, but are not limted to,
n‘bjr"slﬂﬁeth?e@ﬁ@rfétr@ﬁél lic?r-‘llg%Fer}al’l graasd hat i@ well known

SH@ oéEhesQE%igal fQE SUChE%&ndékgﬁﬂﬁe, where the

typlc epen e sel ection of
nn@x&km;ﬁunqmnianm tﬁalls below the preferred ranges, the

sald hydrocarbon sludge (3) may be sprayed with water so
that the moisture content is increased to a preferred
level,

The hydrocarbon sludge (3) may be aerated with air
during the process. Advantageocusly, the air promotes
fdrmation and maintenance of the Dbiofilm. In one
embodiment, the air is injected intoc the sludge by a grid
of porous conduits (5) disposed within the treatment zone
(8) . The source of the air may be air compressors (6).

A suitable atmospheric temperature within the
treatment zone typically ranges from about 25°C to about
40°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.

Advantageously,  the hydrocarbon sludge (3) is
unstirred to avoid disruption of the biofilms formed.

In one embodiment, the process comprises the step of
dosing the bilofilm contacting the hydrocarbon sludge (3}
with a microcrganism solution. Advantageously, the dosing
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m croorgani smsol ution. In one enbodi nent, the

noi sture content of said hydrocarbon sludge is about

5% (wm) to about 20% (w). 5 Preferably, the noisture
content of said hydrocarbon sludge is about 8% (wm) to
aborto 19 ihad D tealvant afedbs! iofilen |dwr i st econtacting
content is optimal for pronoting formation of the
kﬁ?§91n1by the m croorgani sms. Wiere the noisture

cont entn ObnkheedyEl REAHON s8kikdogod Blg ali& N@hddPraken in a
W thin the preferred ranges, the noisture content of

SNy HEBERE bod SIRRIgEL(B) nhayobedandi st e¢lasiphatto said

[ i thi e fe ranges. by .means that
b Pl BT CROFRe e R R Rt for o
eeanipide, ovhebeutthenin®i sburabaant ewé1+al keehel ow tHe dosing

preferred ranges, the 15 said hydrocarbon sl udge (3)
P P SR PR Mavat BR  d6terRdnefhdamsidstqiy esuch ™ factors

GONteRd k$ehPRERRSEAHO aHY ef ghLedr he¥Eloca®®n siudge to

hydr ocar bon sludge (3) may be aerated with air durin
tife pricedss], Advent agpousitygattive aiof promblesant2d in  said

f ti nd.,maj nt enance .of the biofilm.,In on
SR TRl TR s ot vt b, eatment
grs d tof perousomensitdd s 6By digposedowbthtPati8n of the
treatnment zone (8). The _source of the air may be air
EB3OETESTS SP6) 1DATEG eaBlEigtpspheric tenperature

Wi t hi g th o S f i C f .

thout EeErotRss SRR £ RN [ diriod of

arimfer omiabbuthd85Ceve]l abdHuthé0Compuureisa sdi kabllei phegraded
t .5 to about, 9, from about

typi call f b .
LUV Langes, oot 8 L about 9, Lromabout .,
AdvarieaeeeuUY faddie iy dneearhon 1l udge {(=3) 7151 level of the

unstirred to avoid disruption of the biofilnms forned.
Patera adniiedidentreatrd prokessypenpnids eondeatgegg cgf of the

?%%&%%r%gﬁighgﬂdggd¥ngégt£ﬂg EQ%a@%gkgc%@%§1€¥3§¥ﬁ%pplied
in the treatment zone.

Typically, the target TPH level 1is an acceptable
level specified by environmental regulations. For example,
the  acceptable TPH level specified Dby the U.s.
Environmental Protection Agency (USEPA) is about 1,000
ppm. Preferably, the TPH level 1is reduced to less than
about 1,000 ppm. More preferably, the TPH levél is reduced
to less than about 500 ppm. Most preferably, the TPH
level is reduced to less than about 250 ppm.

Alternatively, the efficiency of the process may be
expressed based on the percentage of reduction in TPH
level. The percentage of reduction is determined by the

following formula:

(Initial TPH Level - Final TPH Level) x 100%
Initial TPH Level

17



10

15

20

25

30

with a mcroorgani smsolution. Advantageously, the
dosing 16 pronotes mai ntenance of the biofilmduring
the contacting step. In one enbodi nent, said dosing
is undertaken in a dosing regime of applying

m croorgani smsolution to said 5 hydrocarbon sl udge
(3) about every three weeks for a period of about nine

to abouf the¥aRlXeekde THE d6¥Phgisr agidmsednder talert 50% to
meyLber deser nhped pased.-9pn) Sug %%%h%r%%ascgtg ga“izioout ,85%, and

treatnment [ oad, the type of hydrocarbon slu
t reas edore hreraoinc ént rdiduon 83% pgal laboartt 4 0i0% .sai d 10

hydr oc on s|ludge, the tinme period withi i ch

treatng% e%sLﬁ% ESX&SHﬁFgﬁﬁﬂP %%etgsngﬁﬁg?%HQQﬁ?QﬁSludge
t he3) mhareongani S@@gfmé@et%olsﬁi&nacEﬁgtab@ée%%ﬂ@t level,
be allowed to proceed for a period of ime until “the

| WRF RFCRIRA kR0 Ui kg heandy duegiergnigsigresthes a fresh
t gete T T, ' f g4 requi r ed
dgﬁgﬁg{o%ffagg%kgggggh ég?%ﬁééfﬁh ia]iggﬁ Igégl 5?5?%88 the
mettrers tald thy doe dardated L utiye tiypehandreansentr abhen (6f .

the mcroorgani sns used, and the treatnent conditions
applied in the treatnment zone. 20 Typically, the

target TPH |l evel is an acceptable |evel specified by

envi ronnent al regul ati ons. For exanple, the

accept abl e TPH | evel speci f Esgmplet he U. S.

Envi ronnmental Protection Agency (USEPA) is about 1,000

ppm Preferably, the TPH |l evel is reduced to | ess than

25 about 1,000 ppm More preferably, the TPH I evel is

reducedBibpemedsathan 8D0osbiD08oRpamidREed WEER SR Yer fuel
the TPH level is reduced to |less than about 250 ppm

Al'ternatively, the efficiency of the process nmay be
gggﬁﬁggﬁgbgﬁsgﬂug ot b§ Bgr%gg%ggg of reduction in TPH

evel . The perCentage o uction is determ ned by
t he The hydrocarbon sludge to be treated was soil

contaminated with bunker fuel. The volume of contaminated
soil was about 2,000 metric tons. The TPH oxiginally
present in the contaminated soil was approximately 50,000
ppm (5%). At the hot spot, the TPH was about 100,000 ppm
{10%). The targeted result was to reduce the TPH level to
less than 1,000 ppm (0.1%).

The contaminated soil was subjected to primary
treatment involving centrifugation and washing to reduce
the TPH to approximately 25,000-50,000 PP, The
centrifuged and washed contaminated soil was excavated and
placed in a treatment zone. FEach batch was treated over a
period of 9 weeks. Testing was carried out before and

after treatment for 5 sample points per pit per batch.
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following formula: (Initial TPH Level - Final TPH

Level) x 100% Initial TPH Level 17 Preferably, the

TPH | evel is reduced by about 50%to about 75% nore
preferably by about 75%to about 85% and nost
preferadstinetdlaut 85%to about 100% 5 After the

toxi c conpounds in the hydrocarbon sludge (3) have

been deyrietledved s&FH AcceptabreciEreRt Fepel fo tieat about

biofd ealient fagl! LEy smay he dec 't%%ii%%%%dormaacéfiﬁgﬂ. The

bat ch of untreated hydrocarbon sludge nmay replace t
t reidt dthchyad rdbigaaTizorers lafdgl im st hid tr eatheEntm zorehd &ottom of

1Q_.Exanpl 15 Bi di ati f soil _contam nated
i £15 DiRier CPEBE S Lytioc kRSO ERaage £ T o2t dRREY and

hyshreoardeon shudge d cobeghneahedeastsRill pipes (1 m apart)
contam nated wi th bunker fuel. The vol une of
coftfanidal r  Boe shese wasThBoriP2s00ErFePaird orgied Hie 10 cm

TR i.ginal t_ . . nated soil,

oy o earaly SBEE0T am ceh RS iR m daver
TRH wase abooutarlDis 080 ppinl (E8Wthetheolaragikt ed kasultase and
was .to reduce the TPH level to .less than 1,000 ppm,

(GEish. B8 Thavalh i ot bHPLGH RAG Sibj WY L6 Figures 1
prap@ary  treatnment involving centrifugation and

washing to reduce the TPH to approxinmately

25, 00030660 vepRO 1 Fharecdnssi Poged iandarastesdilt in loss of

c i ed_saqijl cavat | ac ihn. .
cOLRILIBhEpe 2ok RS UE YL 80l 365 U atong ene
peeiraghefr vO ofeelise pest abgveasyealtd etb odtrobaf @ng anth-offs.
after treatnment_for 5 sanple points per pit per batch.

18PV —E8het (RS osheets or PVC tarps with galvanized 27

steel scaffolding were placed over the pit to form the

cover.

Treatment of the contaminated soil
The solutions of microorganisms for treatment of the

contaminated soil was kept cool under refrigeration at

about 4°C until just before application to the contaminated
soil. The first solution comprised Bacillus lentus,
Bacillus megaterium, Bacillus pumilus, Bacillus cereus,
Bacillus subtilis, - Bacillus sphaericus, Bacillus
licheniformis, Acinetobacter haemolyticus, Acinetobacter
baumannii and Brevibacillus brevis while the second
solution comprises Pseudomonas aeruginosa, Pseudomonas
stutzeri, Listeria seeligeri, and Alcaligenes faecalis
type II.

Air supply and moisture were controlled at 7 psig and

10%, respectively, throughout the experiment.
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run-offs. 15 Heavy-duty HDPE sheets or

A pit was used as the treatnent zone to treat about

250 netric tons of soil (i.e. contamnated nmaterial).
The pit had a dinension of 22 mx 10 mx 0.5 m The
bottomof 5 the pit form ng the base was a m xture of
epoxy and concrete. A grid of galvanized steel pipes

: m apart)_ was laid on the base. The plpes wer e

Torsitse PR TP ushng gasr iiremad-agiaRty 4GC) r om
conpr rs n I t t ted
B e i
IFepflowt e ssunfroal Badhiks showh sniFi gamp$elwaangoBnded to

RS EFS ol TR Wl Ad3F e e
thgpampernmpersurife he,pig abeve QéQynds%V%§%0|dS@Q¥?ty five
arps w

el Mddiiteg of meteylepaf tbldrhgewwrs pidiad avepoitient and
It rM t r e nt; of .the

g%%ta%ﬁ%%%gh ggxl @%g s%%% |%ng&%$ n1crog}gan|$ara an was

taldatweentt cofodder @antraighiat ethes ot dp Wasy&epbfcohk separated

under. refrlgeratlon at about 4C yntil. just before

5P Eat { GATEBLRLRY c St A Ththd 595 Ls oF RUPHRE MaAt Gollected

slutdn reamrsed;Bacid ldsyd gt uss 1+ BACI +h¥1Se 11 of sample
nmegaterium Bacillus pum |lus, Bacillus cereus,

wBaci fhuscsadt ity thllGQJsanlha@mablasedBagaﬂnﬁ Alphagaz
cter ticus,

RIAET e P 108 AELRURVLEY, (RO 1 L evi s

whil e the second 30 sol ution conprises Pseudonobnas

aer ugi nosa, Pseudonobnas stutzeri, Listeria seeligeri,
Gal i genes faecalis type Il. Air supply and

noi sture were controlled at 7 psig and 10%

respectively, throughout the experinent. 19

Batch 1

Table 1 shows the data from a 250 metric ton
Biotreatment Pit 1. The mean reduction after 9 weeks was
97.6%. The final TPH at 9 weeks was less than 700 ppm.
The maximum TPH at 57,215 ppm for Sample Site B was
reduced to only 17 ppm (i.e. a 99.9% reduction).
Advantageously, treatment of contaminated soil having high
TPH levels with the microorganism solutions can result in

almost complete (99.9%) degradation of the hydrocarbons.

Table 1. Results for Batch 1

Sample A B C D E Mean
0 week 3,317 57,215 | 53,433 | 38,016 | 7,088 | 31,825
9 weeks 430 17 508 2,658 238 770

| Reduction 87.1 99.9 99.1 93 96.6 97.6
at 9

| weeks (%)
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Anal ysis of TPH using gas chromat ography (GC) Soi l

sanpl es were collected about 0.35 m (1 foot) bel ow

the surface. Each 15 g of soil sanple was pounded to

5 honogeni ze the sanpl e. Sodi um sul phat e was added

into the separating funnel wth the soil sanple.

Seventy-five mlliliter of nethylene chloride was

Bé&@ﬂ s sol vent and the sanple m x was shaken for 1
%@Bfeatbonsﬁ%%s b % Eg O%%%{ Over@éﬁ“ metfﬁc ton

top | ayer “of "thé 'separa IS Sanpl em(cont aini ng

Bxbtachedesoi Iplsampl e)Trhsa st [mol 1@@éedfoandamp5ef Bl ber &d week

with a 0.45 pmfilter. The 6 of  sanp .

PAfedPeFHHRT the &£0aRA0 aﬁ’é’ﬂ‘yzé‘ﬂ”ﬁhl‘ﬁ%% Aﬁaﬂaaezby 91.3%

Bk ANO @alxk@é]@é' of $LANAHAS (SUPRLCHeart STREFSYLIRction for

Batch 1 Table 1 shows the data froma 250 netric ton

Bhbcheldt s B’Bt3% atherneldh vedkst i Gheafmesm 9TAéeksor five

was - 20 97. @6 e f| PH at was ss _than
5616p%§pm CLIlﬁle max eII]‘Pngt "7 2 %Sf)pbh %é RPTg; t ¢ Dike
Baven erdUﬁegtm@nenbf ldopPpi{nated as8919%aving high TPH
reductlon% Advant ageously, treatnment of contam nated
$BVPLlRaviRE RhghMiTpPoreeslsmwsPRULRENS dreordgasi sm almost

S st conplete (99.9%
dgtﬁiéggl%%3g?&§ﬁy$%y%$o%§?g%ﬂg Table 1. Results for
Batch 1 Sanple ABCDE Man 0 wek 3,317 57,215

433.38.016. 7,088 31,825 9 weeks 430 17 508 2. 658
25%1%7% %&ﬁ%%??o %7Bi?é% 9 099.1 93 96.6 97.6 at 9

#8pkbe (7 |20 BRat C{ 2 EblIe] 2 spows [Thepdat @ 1T @m a [Z5fean
netric tom
0 week 26,707 | 200,442 | 14,150 | 2,526 | 25,274 | 53,820
9 weeks 865 17,391 93 132 725 3,841
Reduction 96.8 91.3 99.3 94.5 97.1 92.9
at 9
weeks (%)
12 weeks NA 166 NA NA NA 396
Reduction 99.9 99.3
at 12
weeks (%)

Applications

Advantageocusly, the disclosed process reduces the TPH
in hydrocarbon sludge to an acceptable level via
biodegradation within a short period of time.
Accordingly, embodiments of the disclosed process overcome
the disadvantages of the prior art. For example, the
process 1is capable of reducing the TPH by more than about
95% in about 9 weeks of treatment. Advantageously, in some

cases, the TPH ~1s  almost completely degraded.
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Biotreatment Pit 2. The TPH | evel for Sanple B at 0

week 5 was in excess of 200,000 ppm which was

reduced by 91.3% after 9 weeks of treatnment. The nean

TPH reduction for Batch 2 was 99.3% after 12 weeks.
TherteermdBE, f oind i vien saspl@a g0l s aonvegi ibhalas chemical
| ess than 400 ppm Like Batch 1, treatnent of
cohtaHIPRat BT S FSPavi RIS hPEACTPR 20SFéperd WerRiphdoes not

&g ani ti ul | I t @t
o SO eSS B AR S e d) P QTR e any
Savple AlBrtlidaE Mean Héhawmek 26 702 RO;HM42e4,dlB0 of the
2.526 25,274 53,820 . 9 eks, 865 17,391 93 132 725

PR Red ot i GR1BTRNTS G573 x5 hgimites and, tyerefore
veekse (% 1o weeks iNAmEGE N NANA 396st Reebed s 9N t32a8ment,
99.3 at 12 weeks (% 15 Applications
AR OusF IS ChAeT”l scl osed process reduces the TPH

in hy c ny.sl a I [ _Vvi -y :

bi odog, Baa FonCal tREE s Mna i pett bolr PLhgr " hRaisicacions
Aoodr ddagt gt ienbodifnenites Diivéidei o Seliddethepragessent to the

overcome t dj sadvant ages of the prior art. For )
anie, Séﬂgeleﬁfr o&@sgtq?%_ GdfabPELEF rEERAIRY tihe TBAregeing
hy; ST dhan, aoesht dephkPiRROYL o WeRKSOfr I €8 @BBLope of

Advant ageously, in sone cases, the TPH is al npost

cdmpl etavgngégnradeand 21tFuriser novtendssd i hhaontradst such
to conventd |_chem cal . treatnent process t he
prOOCFClgé;‘-SC’eag:ltlSOC osaen h‘%araeplatnatd]boe%s reqme 1€h1n Eﬁ'é scope of the
appended claims. '
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requi re excessive anmounts of water nor does it use any
toxic chem cals. Hence, the product residue of the 5
process is substantially dry and harm ess and
therefore there is no requirenment for any
post-process treatnment, stwige or discharge. It wll
be apparent that various other nodifications and
adaptations of the invention will be apparent to the

10 pefsonsiddded idh hetf‘éétgﬁger £eads';lqgirﬂ[éqe containing
foregoi ng disclosure without departing fromthe sp|r|P
hvdrecepecns, tHdis nventtessanddnprisimt entdbd t hatep  of

h i.fications .and adaptatjons cone W thin
Srnac 86 s o e iR i el 8 "Sote T s 9T Acast
process forhd reablhgwang! UsHR QUHRINMISAG: Bacillus sp.
hydrocar bons, the process conprising the step of 5
BRI Y MY THe s| AggechPPRCACHI ofdH-m cBhpreetmpbins  and

BEaSipa ONE1 0f EB¢1HHéfH%{§€).§H§Prg§@hs%%né%%%éﬁ Sheing

sp. mcroorganisns, Acin acter sp. mcroorganisns
ande rBriean bamdé t usosgl t s oos gani sasst sphdttontradutagthe

bei n under t aken .under, conditiaons. to at |east partly
%%‘ﬂg“e 1 gly‘i@%&}%b?ﬁﬂs of* h%‘r‘{acﬁir“&ﬂ% in said sludge.
2. A process as clained in claim1, wherein the

moi sture content of said sludge is about 5% (wt) to
bt ProgsseweF. clsizedaipr sdesian als chléneth i phel mpisture

Mhgrepp the poi r con of .said Iug e s o
%%nout 5% ?Wt dP5IkHEe, 6F %‘\%t%)h.t 2%)°4.(w,&%pr dosbonr 205
ci@ai.ned in claiml, conprising the step of adding a

sol ution conprising at | east one of said

3. A process as claimed in c¢laim 2, wherein the moisture

content of said sludge is about 5% (wt) to about 10%

(wt) .

4. A process as claimed in claim 1, comprising the step
of adding a solution comprising at least one of said
Bacillus microorganisms, Acinetobacter sp. microorganisms

and Brevibacillus sp. microorganisms.

5. A process as claimed in claim 1, wherein said biofilm
comprises one or more microorganisms selected from the
group consisting of Pseudomonas sp., Listeria sp.,

Arthrobacter sp. and Alcaligenes sp.

6. A process as claimed in claim 5, wherein said biofilm
comprises one or more microorganisms selected from the

group consisting of Pseudomonas aeruginosa, Pseudomonas
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Baci | | us m croorgani sns, Aci netobacter sp.

m croorgani sns and Brevibacillus sp. m croorgani sns.

25 5. A process as clained in claiml1l, wherein said

bi ofil m conprises one or nore mcroorgani sns sel ected
Bromzthe, groiqeconsisskilngeefi  Psepgdononas isenes rfaecalis
Listeria sp., Arthrobacter sp. and Al caligenes sp. 30
BYPA bfocess as claimed in claim5, wherein said

bi ofil m conprises one or nore mcroorgani sns sel ected
fromthe group consisting of Pseudonobnas aerugi nosa,

Pselidpronass 23 staimedi jnlLcssemi 4, sekeirgeni sadddBacillus
rocess as claine

Al cal,igenes faecalis type IlI. 7. A

e Gl ST GRS o' OB Himadiiogs CePERSERds SatocBadil tus
ieotms he pgeaupueonsd ad i g @f, Bagchhugs |ARIUSs, Bacillus
Baci |l us nmegaterium Bacillus pum|us, Bacillus

eeFfes, BHREFLILLYSsulbUPLiidisBacifdais Kishaethloasriang, and

Bactiius j'éﬂgﬂyg&mﬂ%ﬁ. 10 8. A process as clainmed in

claim1, ereln sal Aci net obacter sp. is selected
fromthe group consisting of Acinetobacter

aegglyticus and Aci netobacter baunpnnij. 15 9. A
rodesPEECT hi MY i TR 1M whet@th shi g wherein said

Hrpehacdddds sp. is BradRad | FsnbEBY ok fonsisting

process as clained in claim1, conprising during said

dont adrciingtebapterhe shagnolylbrag i ngasdi d shodgetohcter
' j4. 11. A process as clained in claim1l,

conprising during said contacting step, the step of
dosing said biofilm wth a mcroorganismsolution to

i ncrease the 25 m croorgani sm popul ation of said .
%i of B MPLPEESE pR§ceSs248ed] aiHedCiAlRl al m 1MhenmbR ei frid

B® ibacillus sp. is Brevibacillus brevis.

10. A process as claimed in claim 1, comprising during
said contacting step, the step of aerating said sludge

with air.

11. A process as claimed in claim 1, comprising during
said contacting step, the step of dosing said biofilm
with a microorganism solution to increase the

microorganism population of said biofilm.

12. A process as claimed in c¢laim 11, wherein the
microorganism content of said microorganism solution
comprises 30% to 70% (vol) microorganisms in a

microorganism culture.
13. A process as claimed in <claim 11, wherein the

microorganisms of said microorganism solution are one or

more microorganisms selected from the group consisting of

24



10

15

20

25

30

m cr oor gani sm content of said m croorgani smsol ution
conprises 30%to 70% (vol) mcroorganisns in a 30
m croorgani smculture. 13. A process as clained in
claim11l, wherein the mcroorganisns of said
Bucidouganiesrnsgl uBkON] ane QRaQlerif@l,e Bh &1 DDFHARLETE us,
sel e éed fromthe group consisting of 24 Bacillus
?@ﬁtlg U5 B&ETFHES tltisung ekt 1 usPpaid fug, sphaericus,
Basihhus @§E§H§1f§§ﬁk5|u§r§99%5E5§lu§aBEEbg eudomonas
sphaericus, Bacillus ficheniform's, Brevi aélff
@ﬁévgsﬂo$%eud8ﬁ©ndsmoa@$ugBhuSaerPseuﬂmﬁnaasastu@aéngerl,
el i erl 5. Aci net gpbact er _haenol yti cus

ReThEERAErE ' Blbhiakerouing reorganey (aptirial, and

Lypelidendd. rdegg DLesSy@s laimed in claim1l, wherein
said dosing is undertaken in a dosing reginme of

applying 10 nicroorganisn1so|ution to said sludge

AbOUL i’c%é/§h£§ Mgﬁkéf N1 :
about ﬁmelv% weeks. d fge ?eas gﬁgﬁoga%ﬁeagslng
imlIcnmdg;hﬁkﬂmoorganlsms dBaaanusrsglme of applying

m Cr oor gani sns ci net obacter. sp..1 oorganlsns

R BRSO | RbSEHh nrBr ot ighns SiRaST GPotEnavery three
e mticon Dfperikidfdd MRt iRt kg aRoshUdgR1ve weeks.
cont ai ni ng hydrocarbons. 16. The use of claim 15,

mhereln the b|0f|In1further 20 conpri ses

'cr t f e consi sting_of
1rF?seu rmnas sp Sraés:tcg?e acggpn&}?g f(?% ‘ga%?erp CE%organlsms
Baamﬂlngenessgp andcecobbiybat kmss theﬂe@ﬁet&EacEae usesp.
af claim 15, in said Bacillus sp
T CPOE gL, b BEPECPRa T fbM ERe GHGUP USRiIng for

tofe %%Bﬂéﬂﬁbﬂ‘Hﬁfﬁ’aBthka§mnEQ%Ee“€¥@ﬁﬂ%ﬁ o Llys ?ludge

pum |l us, Bacillus cereus, Bacillus subti Baci |
C§Qﬁééﬂﬂ@95hyd89@arb@98I|chen|fornls and conbi nati ons
t hereof. 30 18. The use of claim 15, wherein said

Aci net obact er sp.
16. The use of claim 15, wherein the biofilm further

comprises microorganisms selected from the group
consisting of Pseudomonas sp., Listeria sp., Arthrobacter

sp., Alcaligenes sp., and combinations thereof.

17. The wuse of claim 15, wherein said Bacillus sp.
microorganisms are selected from the group consisting of
Bacillus lentus, Bacillus megaterium, Bacillus pumilus,
Bacillus cereus, Bacillus subtilis, Bacillus sphaericus,

Bacillus licheniformis and combinations thereof.

' 18. The use of claim 15, wherein said Acinetobacter sp.

microorganisms are selected from the group consisting of

Acinetobacter haemolyticus and Acinetobacter baumannii.
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m croorgani sns are selected fromthe group consisting
of Aci netobacter haenol yticus and Aci net obacter
baumannii. 25 19. The use of claim 15, wherein said
Brevi bacillus sp. mcroorganismis Brevibacillus

bg eviBhe 20se Acs! wdge mhyidy, oGatdhan rbesh haviRgvabbe ol 148 sp.
conprising, 5 at |east one of the foll ow ng

T €F QOF ikt ¥rst S BT TARACL L3S Axaddi-gani sis,

Aci net obacter sp. mcroorganisns and Brevi baci Il us

Sp. mcroorgani snms. 21. The sl udge hydrocarbon bed of

20 ai M 28] uadrer ey dr¢drerbdi) hedfhdwidars hetofbimpr temsrising

m cr.oor gani sns sel ecte t he | ou conS| St n of
Ps e 185 HNaL S p°; ot Fe}éﬁ e? ;&Qﬁmg A O&E‘zﬁﬂ acillus
ﬂCaﬂnh@EB@EgéﬂlsmgﬂdA@Qﬂ’@ltﬁﬁbb@@ir @er@mroé@%&sr& and
nmet hod of making a bior-enedi ation aC|I|ty f or

Bearethafihpa Wdrdcsidssyasiisage conprising the steps
of: (a) placing said sludge in a treatnent zone; (b)

seedi ng said sludge wth m croorgani sns conprising at
ZJeastTlrmqesbid@chydimospbozm bedopgamilafe 2®0 wherein the

AC| ob m cr porgani sns and Brevi baci l | us
or o0 Séﬁffsngommser r Mg OO UG BFS f FEAESAPd  from

t&%edgaoa%cr&ﬁfsa@ﬂl% of angh Rorderadipg, S%@terla Sp. .
hydr ocarbons within said sludge 25 using said
Aitdtiabactsy.  fepret hodlaslépaneed ise-cl aiand2, comeimdnions
e Jf eatment zone is a pit having a substantially
i'mpervious base. 30 24. A nethod as clained in claim

22, wherein the treatnent zone conprises a
substantially inpervious cover, for covering said

2 ud&b method of making a bioremediation ~facility for
remediating a hydrocarbon sludge comprising the steps of:

{a) placing said sludge in a treatment zone;

(b} seeding said sludge with microorganisms comprising
at least one of Bacillus sp. microorganisms,
Acinetobacter sp. microorganisms and Brevibacillus
Sp. microorganisms;

{(c) forming a biofilm from said seeded microorganisms;
and

(d} degrading said hydrocarbons within said sludge

using said biofilm.

23. A method as c¢laimed in c¢laim 22, wherein the

treatment zone is a pit having a substantially impervious

»

base.

24. A method as claimed in claim 22, wherein the

treatment zone comprises a substantially impervious cover

for covering said sludge.
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26 25. A nethod as clained in claim22, conprising the
step of: (e) aerating said sludge during at |east one
of said formng step (c¢) and said degrading step (d).
5 26. A nethod as clainmed in claim22, wherein the

b5 of i A nne f6d s €DIMd S E8n NETE ORI YAN éaﬁpﬁféﬁ% eghe step
fromthe group consisting of Pseudononas sp.

%fsterla sp., Arthrobacter sp., Alcallgenes sp , and

n h f. n_freatd n
o Phdge aoardi arrg TyditlarBathl Al PPtoshrras gl
foymEng odttp ofr C(anhlsamg catg dagisiy cslteepof dBaci | | us

sSp. mcroorgani snms, Aci netobacter sp. m croorgani sns

and 15 Brevibacillus sp. mcroorganisns, and (ii)

3t rIGhd OIS 8 E0MACd | 119 SB fhy SO Ut 9B & 1 hthéabﬂofllm
sl udge under conditions to at |east partly reduce
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&Al?gfgecdl % St apm2r,, fpriher co grom %ﬂesohgﬂlrobacter

cont al ni m Cr oor gani sns el’ec

sponsiAtdaky gafn s epd Q Manais c&pub,inlalt&b&rsl &hePepf.
Arthrobacter sp., Alcaligenes sp., and conbi nati ons
thereof. 25 29. A kit as clainmed in claim?27 or 28,

Jdurther 1igONRLIrSi NgeOoNenor + PREL1AGdi i VEPuQhe containing
nutrients, wherein said one or nbre additives or

hﬂﬂﬂqqaﬂb§n§net@@pébtecgmpreﬁhagclng the growth and

gg?g{: forg%hhlgdﬂ:é%%égl§¥£§ng{09rgagl%g% k) Sgégillus

sp. microorganisms, Acinetobacter sp. microorganisms and
Brevibacillus sp. microorganisms, and

(ii) instructions for contacting said solution wifh
said sludge under conditions to at least partly reduce

the amount of hydrocarbons in said sludge.

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 or 28, 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.
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