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Bl OREMVEDI ATI ON OF HYDROCARBON SLUDGE Technical Field

5 The present invention generally relates to

bi orenedi ati on of hydrocarbon sl udge. Background

Soil that is contam nated with crude oil or oil 10

sl udge nust BEOREMEDEATION 0B VEYDRIGHREON smmmiinds

from seeping into the soil, thereby potentially
contanminating ground water. Conventional nethods for
treating such contam nated soil include

physi cal / mechani cal treatnent, thermal 15 desorption

and i ncineration. PhysFeghhieehaKied treat nent

typithIy i nvol ves separatin? the chemicals from the

cont afi‘hat ed <61  usi ng"WEEhTRY t cGRAPEB&SYOr relates  to
pXoauatbigriba egnhatireakedosoishufige burning in a

furnace. Both nethods, however, réquire significant

i nputs of 20 energy and are therefore costly.

Furthernore, burning resyl I n the rel ease of toxic
gases into the atnospher?kéﬁhf%ﬁ%guces ashes with

hi gh Som¢enthati ohs oforheawinatieel ahGtrANGERBE 0il or oi1

%g nlﬁFgﬁnggaésical method is cenentation. 25

Hfa , veRtedod® mdteTeucharmutorpapbuotls from
pekbuhgntindd the SQiili buthOBLsly at s, | eachi.ng . .

of theg pol 1 ut ant's Nt o groun t8§£8¥ﬁ?éi%¥tﬁ%ﬁﬂi inating
arsendowatgr. because it requires extensive sanitary

| andf i ce, her. t han the use of physica

/rrechglr)l%lgé %?‘é%?né‘h?th%ﬁg? PRods-eatditanPright santaminated

skl soi inoRydal soplgsicgayeschyni bipl ogical mans.
This traditional]y Tnvolves allowing the bacter'ia
FRESERELPR t héPcbnt alAhReEREbPR- t 0 nat Uttatdical /mechanical

€eakedlent N £OBLATINANLS, ﬁ%%%ra%gga N enicals from

typically requi res exten eri
Huebercaftamgarad;ed or soil  using  washing techniques or

excavating the contaminated soil for burning in a furnace

thermal

Both methods, however, require significant inputs of
energy and are therefore costly. Furthermore, bﬁrning
results_in the release of toxic gases into the atmdsphere

and produces ashes with high concentrations of heavy

_métaisf

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'
because it requires extensive sanitary landfill space.
Other than the use of physical/mechanical treatment
methods, contaminants in the sdil may also be treated by

biclogical 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 decontami 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
are used to biologically degrade
raydi@eear bt eodtdnpeatieds ,wasf een ntto manb¢éoXibE years, for
hesidu S, Becaége biorenedi%Lion is based an a
that Pl HPoOEs SERMEEHY e it 6B AT & ilGivel -
i ncregses yheR-hhe want BNt de3rRiesely APGcdfs may be
declines after biodegradation. Desirably, the product
aresilduesedf Wbivrepkdranedhapiobesses Biaranglicdlign is a
harm ess.and_therefore there_is typi.cally no .
0P BT ERent T raFRaRS posorr catl el Mt borsaniges axe
ugeddi schar peo15gaeadtifer sygtede fapdrbeatBeAt-cehtaminated
contam nated soil 15 conbi ne both physical and '

vBPbPOGIAl RPRTENEHE RECHBHES- SIRICHIAR ehborgpedbprion is
pJaxg Préfmary a“Ha%&EQi!da@écloéés%at %Hérébgge%hé’“ RBE¥obial

treatnent involves chem ca precipitati

pepdilptntat iigwrarabgenehani sheofcaoiemicant siaidgeesent, and
whi l. e secondary treat nment . inyvol ves_bi ol ogi cal

IFPLARREn 1800 CHAST AT T Ryut ohES Ly ks | yEie  product

réggdliee extenshyer&addl at ibAPUlSroddies | S adeedyhb9cally

provide a process for the treatment of petroleum
harpdgesardidi theasterehdtheyet toPiced It teasequirenent

Lar - I e i sadvant
e P B et e R edrre 5 P S i A e
and cost- cgfhfeactdwea oret B6f | creatmamd efivibanamhhatey soil

friendly process for treatnent_of, petrol eum sludge
CERBLBP R li‘e.P%W@ﬁ'ﬂnan}‘% T’Bé%?%%gﬂir iR methods.

shiéhat 6Sy4Pefls NOVB)n j dU O PMEGAl ONpPEASLSS Tfifd  secondary
treat ment of hydrocarbon 2

treatment stages. Primary treatment involves <chemical
precipitation, sedimentation and generation of chemical
sludge, while secondary treatment involves biological
treatment. Such conventional systems typiéally require
extensive capital inputs. |

There is a need to provide a process for the
treatment of petroleum sludge and oil waste that
overcomes, or at least ameliorates, one or more of the
disadvantages described above.

There 1is a need to provide a simple and cost~
effective vyet 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 sl udge contai ni ng hydrocarbons, the process 5

Eoggrisin the step of contacting the sludge with a
SHPEERK mS ﬁ%i&?dfp §HAst L E9RE of WRREDT 451 gwibgproduct of

tAECHRHBARLAME naBRgkld Us sp. nicroorgani sns,

- Aci netobacter sp. nmicroorgani sms and Brevi bacillus

sp. @ccroniiganitsiean  saptctont Akkkag iBeigihHndal t akeR ocess
fund%%ic nditions to at 10 | east partly reduce the
Sro Urtt= 3oy & B IR #nIshydgecaThenpr ocbesprocess
Heiipl eprnt edLn a:bi otheal! ci I, t .y, .
C%ﬁ%qh ﬁggpconpriseeﬁea%s fg?k%%ﬁ%rog%iﬁgg agggﬁﬁgn witn a
Lapd 1dH sompe sdvigl Stwilte@ist tthes hyfrdear ben sk igge 15
' Is Qnt i o so ' , .
g RS e SR ang S s ofh S POBBELEAS, Asnpapacter
spo prbrmbergdmt sas i amdof Bbeofiblies IMutshi s said c3ldsdgeinisms,
Ad itionall%%n t3§¥fludge na¥ ?e suppl enented w th
SEUH t TV AP i8Nt SNEBT FaFPRer U0 EONd i ARRSonte  at
1@Esthe;€£’i:@i§;| PedfteThenBr %ﬁéén@aroaﬂfeﬁya%oéaﬁbbpé in said
consortiumof m croorgani smspecies nay be tal ored.

stuvdgereat nent of different conpositions of petrol eum

sl ud and. Qj te; e bj orenedi at,i on_process

disclq’g"s?edEg %#%?%ﬂ§%§r g%hb?gpgﬁpggFegndl%nf§igéohtreatment
fheeatimgnt ofhiwdr ogayboreaipiElee 2meWnkh tA€r controlling
m crorgani sm bl end wi thout the need for a primry

2EFBALABNETS SPIETG YT € S Y bR nERe shyArasarbon sludge
a¥as fign g And &mg%’l,nr%r eatlﬂe%c;ﬁnes u&{ﬂo@éiment?y’ a gpecialty

precipitation, s ntatio Advant ageous
bpeodessfdimictosmdyderst n seci3xds prefver bl yused to promote

b ially "dey, in tha | ud
<SUBREARN ard o P4BE LB nd T b bEeds Strfezes Addletonally,

- tRENi NEludfOURLyOf DI Supel eMbheeddVantageosshYe itde  ang

use of
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 disglosed Vhereiﬁ 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).

Advantageously, the process disclosed herein is
preferably a substantially “dry system” in that the sludge
is substantially solid and the process utilizes a minimal

amount of moisture. More advantageously, the use of

-minimal moisture at least partly, if 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 volune to be reaned at the-end of the process.
Adv FREGEFTQSL - néheaddPVi dhal SEgGeprRattert of the solid
{ u t .l eachate an
P e St S L [P bR ei L LA EE - 1GAREEY Phume <o
bebimrrerrestl ad edthastesmcc ant b‘ehlearlzdc-cfct@léﬁd Ondvéhtégeﬁ%sly, no
4§i|t| aI transportati on or treatnent costs need to
%&Rﬁ%%ﬁn Yo YREFREFTHSHUEE, tfer @g@ired to
co&rl%tdedle?adﬁeﬁce 10288 at:efn%a;% to ofis LhssLol Lew g o eq
m croorgani snms: Bacillus sp. microorgani sns.
sInsigret ot dre shionpordopdad smsstamdcalriesi lhaﬂldl—lfli&led on-
cro ramtion of a film
S R A T s sk B AT hyel cCEpBERSNE Sosts need
tomhsnxhduxﬁ@danother aspect, there is provided a 15

sludgecﬁ%grocarbon bed having a biofilmconprising at
| eadtCAMS AT t e PBPESR NG TReFbor §RAFSNE:S Baed¥ided a use

oSRc JALIOGAN S Aféi‘f&‘«?%éam o R A 1us

and Brevibacillus sp. mcroor
SFanomheroasgentsmEherACLsepobmmdeﬂ:aspZOnﬁEﬁﬁmukg&nlsms and
i orenedi ation faC|l|t% f%% renedlat|ng a
e

B B B S i Bt bl | Horl T Foapiheion of &

| bl@ﬂ@ﬂ@ﬁ'&é&){:@r@c@ Q,Clmcfdé*ds n591§1£%e§§g§ocar %Ql%

(b)- seedi ng sai d hydrocarbon s .
n1cﬁﬁﬁﬁ@ﬁhﬂshstOZSanonbem5|agp&ttleashetwo D§ provided a

il . Aci net obact
e o R PERE Sl a RO BRLPPI L& SOt b osrgBT SRS 2t

lefe) &mkﬂkﬁgt&ebE@mﬂdﬁﬂﬂﬁﬂﬁﬁﬁ&&b§§§g§gms Bacillus sp.

. croorgani sns; _and
microorgahisms, - .Ac1netobacter 8p. microorganisms 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 séid hydrocarbon sludge in a treatmént
Zone;

(b} seeding said hydrocarbon sludge with microorganisms
comprising at least two of Bacillus sSp. | |
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 biofilﬁ.

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

k|t oy i ( a solutlon ntai ning at | east

@% B%c%’?gtl& é3 & 05F gahi sﬁ’EaSEcFWQ SPadtagillus
sp I lsus '
o ﬁl?oﬁﬁﬁ%sné’%}ﬁ?%)&fdﬁ%%%%. s? Microorqapipgs and

BrsaﬁﬁasmﬂauBOﬁpwnnmcrsosgamjsmudgenuhder conditions to
forn1g bi ofi m cr oorgani sns gnd to_at

| eadt Dar DRy PEREBRS, KPR B g dreas ponbiljon wiih

l S&%él dSlSLll(Y%& HH%EI n(': 7Jl Oggetfl %ﬁ%nga V\%I_:L%%'l Of said

terns us erein s have € neani ng
miicmdbu’:gaedSm'ﬁhantieltm 'éh.ydrem:@tt q@amrsljadg@dutef ehg kfount of
h ané semi - sglid mat eri al contai ni ng

YRydfF6c¢ PBEn%ntﬁéﬂglﬁ ically, the hydr ocar bon

sl udge i s generated fronk)qynlg i ndustrial or

comerci al operations whi CH- T con?glns hydr ocar bons

Corr'u)ﬁendfi‘altlhﬂiln@l’ aviidd easti Heamld alden bhedegradabhe, nave
capabl e of being broken down by the action of

thPlW?ﬁﬁlﬁgcﬁaéﬁﬁéﬁﬁgﬁs For exanple, the hydrocarbon

sl ugg ﬁg% éﬁgﬁ L) ed. f t he.
pet?oleunllndh' 4 %?gg'rboﬁgg%g%hgm%aégggsfgld or
seg@ﬁenaMﬁ/cmmtaadairmnqnnaxmeng1cﬁmﬁa@ndrb6m§ therein.
ition of the oil present .in the sludge may

TYPeggnzVe Ehfde Trdrera ‘1ve&*h§ﬁ¥bca1%ongﬁﬁéééeﬁé from

muf@%iBE12 bAiddt rirangesat | Ragke@si 4 OhoBSrations which
kerosene/ di'esel fuels. The sludge may be in the torm

coptaansemitsiorcaEReRs as cwwmtemd% ivhadi | emel sian, least
SRR R BT I L .
down by the action of living microorganisms. For example,
the hydrocarbon sludge may be “petroleum sludge” genérated
from the petroleum indust;y. The hydrocarbon 'sludge may be
generally derived from peﬁroleum crude oil; the
composition of the oil present 1in the sludge may resemble
crude oil or derived hydrocarbon products having a boiling
range at least as high as kerosene/&iesel fuels. The
sludge may be in the form of an emulsion, such as a water-
in-o0il emulsion, an oil-in-water emulsion, or mixtures
thereof, wherein the oil phase 1is 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 cruds
oil, water and organic and inorganic solids, and is

created as a waste of the various production processes.

5
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resulting from production well testing, conpletion,
production or refinery operations. This type of
sludge may have an initial content of water and
sedi nent of 30 approximately 10. 0% vol une or greater
whi ch severely reduces the comercial value of the
TB}édVSQ@@gQOEOEha;%%atH@lt SAMEaer et wPiad Ya bRide variety
produced as a m xture of crude oil, water and
ofr gapieo aheiendr gl ¢ chelripgs eTaRdics - cr ddttdpwE aa prime
of .the vat] d j oce Th
BhEe R | AL HERR-RED gl AL R sl Frudge and
heacieet yrhof egampisist | Ohscbbged haecaetier i sti®srily refer to
Al though a prime _exanpl e of a, hydrocarbon sludge is
PgtEel FHMe IMCAAEde Und® L Hiee, 1t hEheRafdpPes G osertt the
el L mard ] y f 0 y n
AR SRR o e e
sgmychkydr ocar bon sl udge derived fromany sources. The

termtotal petr@ql eum hydrocarbon" or . "TPH'. refers .....
to {nﬁ'gean%ﬁﬁ% of q:pogcta}rrﬂol R E01 T} antejGryrPqy  °of  “TPH
red@at-am nat edcHat eamahnt habvfi s pe@ rbe cifrcatrd. 1 ulmtermn  a

"treatnment”, and grammatical variants thereof, when
ceséaminagernBetranali thakydrotar b6ntEPadEE refers

to a nmet t & 'qﬁg, Qf prgg&ssggg Jiesyl ts .
in dgésaddgggﬁ of%?%? ygfoéarbon co ogﬁggjbontaiﬁgﬁlants

- therebtfhi whehe sdedigén Eonnexanphe witthe hydadceritomayludge,

[ I d adatj on of the.hydrocarbons so as to _
TR& Al bR at RS GERHS At alhe P RIRSE! iy Tesults

inenderrsuah ibydr egar pae  sLUdEBaRBANt OXbRipoSAlSr EBhtained
transport, amenable for recovery, anenable for

witdiagdheos ladstabl & oreimpbsal the Ot Thetnent nay involve
LR U L0 SRRSOl e 8] LIS consc
coagsiung sdammgea ioed i hegedngarmsis resdeer esud negdrocarbon
Qg SXLTENE cases, deatl when Ingested. inhaled .
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 variants
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 composgsition 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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by the skin. The term "aerate", and grammatica

variants 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 place. As used herein, the term

rrabxed Gyt ure” fi8f ense t GudnpLatd iy e EBOPOSELLRAN v,  Where
conprising any corbi nation of 30 mcroorganisns in a

negksgrg ynediuen Wivel cdrbbatenbhabhy” baedy nkey writted from
ert, ary,..Qr caQ Ln any. nunber of i ndividua

tbﬁegﬁg§%&Fl§¥¥§ﬂ%3?m%ﬁ‘céﬁ#ﬁfﬁLcells of divergent

speciegessThepwendiegubstiastvatey’ taes tketnsexebvfgrising™
"conpletely" e.g. a conposition which is

angybSERAPITAISEY » 6 e ITRRERYCRdy Barédmpset Ehprepée are

; r ceSsan Y hhhe word Jsyhst.ant i g

lﬁggggédoﬁgftgﬁp?gon1 thepgefiﬁﬁtioﬁu%% t‘%gingé%¥?% X such

tbatessigpeci inetlude heracsdteedt heltegremg s" canpr i sahgd  permit

.and "conprise", ~.and gramratical variants thereof, are

PRlareed €5 Lo BaiFeCa o \RASISRE™ | anguage

suchast Raded ey rbng! udeer acd iredghenen] s iRutt Al S@ontext of
permt inclusion of additional, unrecited el enents.

- CRECEBEFARELEISn, He t EOMPORBBHES", ©f t hEheont évgmgfiations,

: i.ons; ofe £onmpo t h mul.at i o .
RIS ALY O PR 8 2 A QLT B OBy
+Hypideal bF the- A%tefd thelist atedreakyeicenile typi ¢ | yf the

+/- 3% of the stated value, nore typically, +/ 2% of
StRESEh Hdd Gral TR E%hcﬁﬁgrt%rc 9 Yo/ Ehqofbrtefevalue,
oskat 6 val Yep 121 6ven— 15 nof erh¥pPisGakle Wa1. 5% 04 even
the stated Vvalue. Throughout this disclosure, certain
memrgodividmad hivay-/ -bé .dits cifoddd istadadangd Yeor mat . |t

shou g be undersipod t.hat, the description inr e

f orrrlg 58! ll!mruzﬁ ylcg%)? closncvleonsiuernede g%ag%%gvi?n%oa(%ﬁ nts may
beshald sk netede igonst rHAdeaFama20. | DE| eXiddi®l be understood
limtation on the scope of the disclosed . :
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible Ilimitation 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 wvalues 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 6, from 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

9
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ranges. Accordingly, the description of a range

shoul d be considered to have specifically discl osed

all the possible sub-ranges as well as individua
nunerical . values within that range. For exanpl e,
description of a range such as 25 from1 to 6 should
dhecaersiddespdoliombaye speciifd cabl Yoe divs@ldsf@bod, however,
sub-ranges such as from1 to 3, from1 to 4, fromlil

thgts, F%@m 2dEawANgpr omBe t 0 ESHINAA 3 (IO ePEIposgs  of
149 caa kB Whenp! BHEDRER Wd P NabRaL EaBAC oS Ane 1imits
exanpl e , hi's applies

offegaerdhiesenafi on30 t he breadth of the range. Brief
Description O Drawi ngs The acconpanyi ng draw ngs .

|11 ustigat @ a Jiscdasadhtemddinbris antl 586 vesbb@iment of a
explain the principles of the 7 disclosed

Pdirbodspentin | & iRIYEr st nprfer fe6dd i thowelesh utHdiizes the
d&@%l@ ay %Q%a@'ir\%n@e?rg)@%% S.0r;pur poses of

l'ustration on nd not as a definition of the
"mﬁ of othe inyent c%‘s ée{*&ﬂonaill' Svfeéc%ef'm‘t'h% pit of
draMAnaé one enbo I ment used in
thotﬂeatnent faC|I|ty whi ch utlllzes t he dlsclosed
treatnent process; and Fig. 2 is a cross-sectiona
view of the pit of Fig. 1. 10 Di sclosure of Optiona
Enbodi nents Exenplary, non-limting enbodi nents of a

novel procé%%?q SU; & rfeR B Phl freahon
| udg d ded
;rgcegg or 9?eat$§% %fﬁ%?%ﬁgca%%gﬁﬁﬁ] f% pr§¥| T Fnovel

pmboeessﬁunnblsmémpdtmts¢mpoﬁfhydmmumﬁhdmgﬁluﬁge will now

hydr.ocar bon sludge with a biofilm conprising at
bFeﬁ%ﬁcgﬁéegf the. follow ng microorgani sns:

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 sp.
microorganisms and Brevibacillus sp. microorganisms, said
contactihg_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 1s 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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Baci |l us sp. m croorgani snms, Acinetobacter sp. 20

m croorgani sns and Brevibacillus sp. m croorgani sns,

said contacting being undertaken under conditions to

at least partly reduce the anmobunt of hydrocarbons in

said sludge. The process may be perfornmed in situ or
28X ePhhii veler @ 1N eXe SthdhPr 9688Smh§ €318 Ge thepit or a
hydrocarbon™ 25 sludge to be treated is typically
Pé%ga&at@d05nélﬁbaced in the treatnent zone of a

bi ot eat ment C|I|t The treatment zone

reac%&ﬁr 8r a 3Fﬁ?h|. ﬁb F%%% oré anib WPFﬁeln the
pieaas sf ela copd r 9|e|r|fﬂ@me@0ndlfﬂé oSt W( (uhi rmatwebél @St ructed
durlng the process. The 30 neans for controlling the

bir dcedsi nbndli EbRd 2NtAA dde BIRS TR hobaBeni td ten which
an [ ratj np ture,

t%l s?ﬂﬁ?&%égndsg%t i ent gs)Epplmyt?% géé’lAltgr r?gteldvely, nd a

subetaneaaﬁém:ﬂmpmxvmgusonpwese & )pi foor cwveplinreal $4yd pit

Fherei 5 FeBYhr srset iy DS Pebbr i, STHEH ¢ (¢1) include,

LRy bgr@onsﬁwct epi mbr &y focm ng pd 1Sastantd, al | }bolyvmyls,
| npervi ous base (2), on whi ch the hydrocarbon s
pedyaray lhespl aded, pcame%te@bsﬁiéﬁﬁp 1y pﬁfsﬁwnw&g, include

p8§¥%£ngﬁ) fQﬁLﬁ%é a;n se ( § ¥&E%%lsugE%P%§afe G5grytene

vhnyﬂtedatetapelyolgﬁdns cou ynd inydres 1@ hpolewacr yl ES®@mplary
and pol yesters. Iar¥hggP5V|nyls i ncl ude

PB&IYWFF?;?P emc&cha@e ?pw? §i AE ac Pt ¥Pr PR} FRfe (PP),

pm;mé ehat e ﬂﬁ@ﬂ@t{ﬁ‘ﬁ t@ﬁaeeémbﬁﬁgﬁﬁzbﬁgythemof.
ers include polyethylene (PE), polypropylene

Pq:eé)erab@m,yémwlmaéereaéplfpmwge ’C(l”RETPyaaﬁd (2) of the pit

i nati.ons: t ereof 5 Pr.ef.er , the
(;‘igr coménilhse soas zrg) yt rii'lelgg] a%q'ky ty faegéyfene {HDPE)

sheavy-duty Bugh- des&seéys polayet hyﬁmﬂ&ﬂ’a insheehs. waste
Such sheet's are preferred in the waste

containment industry ‘because they ©possess desirable

chemical resistance 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

hydrocarbon 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
hydrocarbion sludge (3) is about 1.0 m.

The hydrocarbon sludge {3) may be bunker fuels, drill
cuttings, shipping sludge, o0il spills, grease, jet fuel,
diesel fuel, gasoline, hydraulic o0il, kerosene, sludge

cake from biotreatment plants, biodiesel, refined oil and
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cont ai nnment industry because they possess desirable
chem cal resistance and strength. Alternatively, the
base 20 (2) may be constructed froma material such
as epoxy, cenent,. gravel or the like. To ensure
uni form access of the m croorganisns to the

chudeocbon stydoea( 3y, anthd Ohgaﬁa&gryahfsorm PEREBSSs1udge
condi tions, for exanple that of tenperature,

ipslytar e copbimertaidron ol nbeEhened irhpéicgyer((eft-Cofle and

REBR TRy dRaeSelor” et 28 FREEnDT 7R 1n such

shadgepriefdanabl ypahesthQobopheholabqWCPh.)5 npo bpch ®sinated
preferably about 0.75 mto ab0ﬁgnil.25 m |In one

bERBEBY Nt PCPRE it MARIFESTAIE G Ay Jrp&bems 30PAHs) such as
N sidge, ) SadbRNbtAcReM 2Hhe , |
nﬁégggggg %r'} zéiudge é((%e maga/ be Enﬁe? f Uel s,apéllrtihlylleﬁe and
pyguehiengs, shobphugledndge, agidmagpidd s, gri€bds)ijet 2,4, 6-
f uel, i esel fuel sol in hydr.aul i c. oi | X _
crdfobertbTERnage  (RUEETFr ORIt piifg,  benzene,
tbigdheselotHyafiaretbroi, | aptend qBUEHE)OI lolchipiLal byraffins;
_the hydrocarbons in such sl.udge include conbinations
igprpsthfanppRgt AN (THTEB) L AUNLCS ar bivat tedtied- Ex of the
f arhons [ S e _
e S R Al B opPena e (PR TSl bF Fnabsds 14000
pbyphenybs ultPCBY),;0 080 Iprar.ondfd s hywriozarlponst{dPAHsitial TPH
such as napht hal ene nt hr acene, ace t e,

r AR PATR GREY ardy O30T BHE: CRoFPRIC o3 3B nd most
t§7 NAS) 1y2, 4bm Nt riag,@oie i TN abdiid r oe@) d o . The
), bénzene, toluene, ethylbenzene, xylene (BTEX);
hygHeprasbopasdifdass; (30 RERAFHEAIN Asdhd dddekicle size that

.xenobj ot ¢S, i nitial, TPH_of ydr n
1§Iudggg%g%§?§%?§élIfhﬁg%gest%ron%ggga? 1,8ggéggpn1?g the
mabeubrga0i6eE ppmo Motéet ypcoapbyndshe toitihe TRHegraded.
ranges_from about 5,0Q0_ppmto about 200, 000 m and
PSSR APy B calhy  PRoMmEBBUr 182008 pphiite BBbREIAL to  be

+300:000 pPMpdHe 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
- _

A grid of porous conduits (5) may be placed on .the
layer of hydrocarbon sludge (3} for supplying air to the
layer of hydrocérbon sludge, and microorganisms forming
the biofilm therein, when required from an air bompressor
{6). Suitable materials for constructing the grid of
porous conduits {5) include metals such as galvanized
steel and Stain}ess steel, and plastics such as Teflon and
polyvinyl chloride, or the like. 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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15 hydrocarbon sludge (3) preferably has a particle

size that is sufficiently small to enable access of

the mcroorganisns to the conpounds to be degraded.
Preferably, the particle size of the material to be
treated is about 1 nmto about 15 mm More '
rBhekar abby, a20ulth® .pank i €beabbae s mbudstd tPpiSally, the
about 12.5 mm Most preferably, the particle size is
sgbéat of. Shemard hbsuiga®d fhem abgridY%P portsusabout 1.5 m.

SO Lot ALaPRY ey Bl R 0040 |UEE 1 st 1 m. e

pkayeraefichydirocahkongsiddge;, andonmscromidgantsns(5) through
formng the b|of|In1there|n when nfgglred

froman
whil Ficaipr é8sSHPPAGRT E@t it T A s Fgitable Intervals
o%08BLLYCE RG the H@ Cfo RRr opiSeLONMMI ¢S €94 IRELEF8Is of
netal s such as gal vani zed steel and stai nl ess stee
pendophésvicersuehoas Pefdmrtarab30- pff yeh nyhore preferably

hl de lJk Th | f '
% ?2§|f§lggnt %o I SaBogt %% %ﬁgio Q§o @é%%x about 5 cm

tdea%dtngo @fL. s@@ajmfsac(t'nr snas debover ahlosd zehef péh@phery
the load of hydrocarbon sl udge and the
oBhi-bRnESE Gh)t Y ST GIA Hyur BEaThoHIST 4hige: \BRED berms

a'i%pgﬁﬁg }S?abtl? Se P2 tl{petgr hHloukOor, @ngnes_uf PAth. More
0 about 2 m Mst typically, the 'scale
pokfelebdyi d thandesriis omrabaitowl 90pBt o abputbtus M.6 m in

I, ne odi nent, .t he ale of ridis about 1
WAt Rn e RSt AP eP RIS ot BrIPer G cBRGU(9-¢ m to
abahtt breughif whueh.air |s supplied may be | ocated at

suitable intervals of about 5 cmto_ about 30 cm

Pref@h&bmwt t he) |ﬁﬁ§r¢éiSC®YGI%@rWéFBt@6h Hpee ghbegs 5cover

'(ggg %ES%&aag néggfﬁ 5$§$%¥ nébﬁgﬁhﬁncghéotreatment

cm "an Dout to abo
zbBecni8 )Ber nﬁnQ?)suﬂH;alﬂe bmatérah&mglatyl"néa@enspherags Lﬁ) cover

of the pit abo e ground to avoid run-offs. Suc
Boé e s lELrar ey SR 7% WPHSE HBuLhD. §aE: faterial

d@b@thfokbrﬁhe 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 qombinations
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 varied 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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preferably, the berns are about 0.3 mto about 0.6 m
in width and nost preferably, the berns are about
0.4 mto about 0.5 min width. 15 The pit (1) may be
covered with an inpervious cover (4) to maintain
controlled conditions within the treatnment zone (8).
POYdSWihaklse MBLRT Labulay, hmoisegd: Abc ate@%erto (4bout 4, 000
for exanple, the cover may conprise the sanme nateri al
msedifortonse bader iaeltriggampndutloaddbPef poiqwl effAs metric
0 _pol yvi nyl s ..g. polyyinyl chlori (RV!
forbor foratattd ST elbhefitsPhLBE dRle 50 m = apout
pol yact yhbest palsyast ess typacgllgolyeicdy!l ®egce, for higher
tereggthalate (PET)) .or conbinations thereaqf.
Prefepaptyloads, cavelti ¥t fedazoes sifemsion fryl e used
VOl t [ : t sughyas;:tal r Nn,25
Phe® BT oL OF fnd ot B R e g ge” used-
my orlze kinbbdimentan @nglle efighlfourits abwut cénstbooted as

7 about 8, about 9, .about_ 10, about .15, abou .

dho6 098 Snsier HeT SHtbontt dRA 8t s B 2 dBermetric

gbneagh Ridréddrbonashbi:ageecatment 30 facility may be

varied according to the treatnment load. Typically,

t he tFeat mRrashtisifesuFEdml adout theo prtggss BsAs those
bo 10 tri Gt re typi e

gggtné%? Iggggpg%geéﬁ%rgﬁg%égﬁfﬁﬁ,%%%ﬁﬁ%%%%qéilnﬁsqg$unds'

Bbefitrab0PP nehei cmionsordbsismypiaat | yapdiele of forming

freatnent 11 | oad ranges from about 2,000 netri
PEAE I {BS about HVH0 Mhet PP IFHHES FJray thatﬁaﬂ ated and

Lpadogbqaboyt, 420 Nehéi C HyScak@bneXamnpl igd, Pit  other
di mensi on of about 50 m x about 10 mx about 0.5 m
ngcrgprganhliynasdhatHanee, beorugtifgierand t eagtigbment methods
| oads, a.pit with a. ger, di nensi e d_ .qrn.
HRA e R e B R R R Lo e 3T, i che
bpdonerenbidi enbf ahowt Bhghlephésbheeinonséraeted

as described above for, the treatnent of about. 2, 000 .
met ri @dvantageously, mixed cultures of the microorganisms

‘are used in order to obtain a broad spectrum of

biodegradability.

In one embédiment, 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. is selected from the group
consisting of Bacillus lentus, Bacillus megateriun,
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 bhrevis.
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tons of hydrocarbon sludge. 10 The m croorgani sns

useful in the process are those that are capabl e of

degr adi ng hydrocarbon conmpounds. Preferably, the

m croorgani sns are capable of formng biofilnms. Such

m croorgani sns may be isolated and enriched fromthe

hydrogarden shitgBnddiher the MiGreeogaRing@hst hakymyorm a

be useful and enrichment methods wused to increase
biREtHbi al pdpubkeibhtaresS wel |l FPTRIRLERe Obr dib@Fgorganism
sp&bids Oftﬁgﬁse %Beﬁdedgfaméﬁf dd® 8iich  enable  the

Advant ageously, m xed cul tures of the m croorgani sns
mbreous@anismer des tamaiBiai thedatead spadtvautagéougly, the

bi ode radab|I| : In ne enbodi nent, the process o
LU fbasheRe. EPUptoFRoEagiiRy K SOrA P aTipr i dgtoriin,
t1Rd h&%&bo@a;%ansn%%éﬂ)ma@pon MHO0E PEEEEBely treat the

Aci net obacter sp. m croorgani sms and Brevibacillus

skpdgen cr GUrtgevitsneing Ropref &ry ethosrenbédi nentspeculated
d |I ec f t ar
t%%%SI€?IHd£O §§%?+$ §ﬁ% %gg ag%lrgs ﬁ%ﬁg er?%%?Ctlvely
r&atstins pudicl usiniBhisi tbug C@feﬁm:tsBacofl uin&@h‘telrﬂ‘d S, toxic
Baci | | us sphaericus, and Bacillus |ichenjforms.

CAMRRWRNS pFEESSTEd &b ddiSre A AXPREEREMN et bRt eﬁfeéetlve to

néﬁLﬁﬁb§§iﬁC&§9r669§bhE§m9r°@%¢%°%%bs%éﬂhdg to the blofllm
Aci net obact er haefmol yti cus and Aci net obacter

phewhdimg! . 3 n yERtP ROt hereanrrefr@rrané:d ewbadghnengllohe the

. B b b b |
AP ARt SRS 88 kP aEr s B °Xl§sﬁsﬁ¥éﬁmw§ﬁ-?m‘°”i

bi of th& | $i’d FGAMTUNLA Y Offuﬁfit(hreQOf gedh S s SPeehes tdiat more
forma surface which enable the m croorganisns to
MEREPOFIRALFBE 0. SAYPaRtEHgedFOTy, TR FhMRNtGIBSHevEng of

ngHagmBHQB.dné to E @@@ffy1(g Ifmaé%fﬁf+ ctéﬁe and

m croorgani s population mor e ff ectiv y treat h
Alcaligenes sp. In one embodiment, said biofilm comprises

one or more microorganisms selected from the group
consisting of Pseudomonas geruginosa, Pseudomonas
stutzeri, Listeria seeligeri, and . Alcaligenes faecalis
type II.

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)
microorgaﬁisms 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
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sl udge. Wthout being bound by theory, it is

specul ated that the m croorganisns are able to nore
effectively resistant the inhibitory effects of

i nherent toxic 10 conpounds present in the

hydr ocar bon sludge relative to non-biofilm

PiarRAlgani smeatHlyistmy be(dith to tdhe bi efdydBnases and
provi di ng a support environnent which allows the
HANBHIFATASS T 1t oPHESEESsh{FRcRoxdc BROPPBARENtIBULfRE) and
RLALIIRIRY TUIDer LOMPLLSE: PR, O pBBY8obies, — gorbitan
m croorgani sns sel ected fromthe grgup consi sti g of
d2geudonands pepyxalnestser.i a SgampAeshrabasterispts anybically
Al cal j genes sp._.ln one enbodi nent, saig bi.ofilm '
T Ebs LBne e noMe THOGHTGT snsCLbfatPed F? omenhance
iR WHQUP gFORSh ShhRg WfodserlonPnas agEYEHB0S @ rbohydrates
Pseudononas 20 stutzeri, Listeria seeligeri, and '
Ausdl iggeresudereal fsuctgpe, | nalTpeesebucregde, and starch);
m,cr.oor 1 Sns comhjned wt t-her, addj t i v.es
%%ﬁ?%rn1%%5%h15¥%%¥%§his§$go uf%%n?mﬁ#££01’ sorbitol and
giiyareaeriganirsimeaydre ndowf csai dsathr aer ganhs Mag@lowiven salts,
may 25 conprise about 30% (val) to about 70% (vol)

IO DoRGAAPS R LHOIHE 40FCEFIHF t 0YERBEt TOHTGhM ) Peptone,

JHLIOP AN S He 20O AP% (¥okh EQF%QQW&:) _?_ﬁ;éh(:lvqlr)organic

m croorgani sns 1n a m cr oor gani sm cu ture.
qumpoewdgani{ surbol ag | owareys ifum t Bed febapr i sedaddi tiheephate,

and 3Q nutrients for the.mcroorganisns_that ar .

R P bR B g g B n B Siap| FPAGOF Fgdoride and
an@raengaiitsl-«and enhancing their attachnent to the

hydr ocar bon sl udge thereby enhancing the efficacy

and &f fiYHI&Fdy TR IPHote f a1 h 10 cedEpT Tie:
additives may include 13 biological catalysts (such
as_oxygenases and npnooxygenases), buffers (such as

phosphate buffer) and surfactants (sughRedaldna patdportion
pol ysorbates, sorbitan %)

| Bacillus megaterium B 5013

Microorganisms

Bacillus lentus A 5019 8T

Bacillus megaterium C 6019
Bacillus pumilus C 5011 ST

1 Bacillus

Bacillus
Bacillus

Bacillus

{1 Bacillus

Bacillus

Bacillus

cereus C
cereus C
cereus C
cereus 2
subtilis

subtilis

5014
603
6011
508

C 601/1
C 601/2

sphaericus C 605

{ Bacillus licheniformis Z 507 8T

| Pseudomonas aeruginosa A 6017

Brevibacillus brevis 2 6030 PT

NN NN NN NN RN NN NN

Pseudomonas stuﬁzeri B 5012 ST
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esters and pol yxaners). Exanples of nutrients
typically 5 included in the m croorgani smsolution to
enhance mcrobial growh and bi odegradation include
carbohydrates (such as glucose, fructose, naltose,
sucrose, and starch); other carbon sources (such as

Lrapsriol sc80Ebktol Bapd1ii1gl ycerol ); nitfrogen sources
(such as urea, ammoniumsalts, 10 am no acids or
Peeyudensraserhdtz984sP eQPrBEt, peptond, casein 2

PQ%E&&&M@Q&eétQEQeE&Cﬁ Bpaa extracts); [and | norganj ¢

conpounds (such as nagnesium sul fate, lsodi um
Aphosphaseterpbtassivmiphesphad2, sodi ym chloride,4

calciu chIo de and mnitratg). 15 A typica
AR Cr P TP SRR oh TmpObompri ser TRl aci ve A
A@i@@@ébé@ﬂer(%m%ﬁﬁ@oﬂ9@0R§m$ Baci | ljus | entus A
ST 2 Bacillus nmegateriumB 5013 |2 Bacillus

A heghierham aeoadis tpaei Ffud pUAP| T |C 5011 ST 2
4 Baci | | C 603
| AF Eﬁ}+#3§tg§f§ S éégg%ng aci | lus cerleus

acl us cer Baci | | us cerleus Z 508

AdBATE s subtllls C601/1 2 Bacillus isubtilis C

601/2 2 Bacillus ﬁhaericus C 605 2 Bacillus
Phogpleat ¢ ofwdEey 6D7MBT 2 Brevibacillus brevis Z16030

7 Nl'fﬂri/e tgeuoormnas aer Ugl nosa A 60172 PSEUUOITONAs

stutzeri B 5012 ST 2 14 Listeria seelfigeri B 5011 2

Yeast extract . 15.7
Sodium chloride 15.7
Glucose 15.7

The microorganism solution is 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 or 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 aﬁd'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 1limited

to, moisture, temperature, pH, aeration and nutrient

supply. The optimal values for such conditions typically
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Pseudononas stutzeri B 509 PT 2 Pseudononas stutzeri

B 6013 2 Aci netobacter haenolyticus C 602 4

Aci net obact er baumannii Z 6011 4 Aci netobacter

baumannii Z 6013 4 Alcaligenes faecalis type Il Z

6020 ST 2 Arthrobacter sp. C 505 PT 2 Additives

dhpaphat enbufiftey  ( seMectioNut ro€nt suieestrgextirsact in  the
15.7 Sodiumchloride 15.7 d ucose 15.7 The
WﬁQﬁQRﬁ%ﬁﬂﬁﬁﬂn§ﬁﬂ%H%Qﬂl|s preferably kept cool under

ref riger afion siddiddist, befias e mppldaal | oy Qs dhe of said

hydr ocar bon sl udge (3). I'n sone enmbodinments, the
hmdeﬂﬂgpnnSﬁisdgatﬁUﬁ ﬁ@@ﬂﬁa&eptwﬁ)rb@nﬁbout 20° (wt) .

e ture about 25 for up.to _ahout
%F[ﬁ) %¥'on 1r%érr‘ool}}ig ﬁ?reoneg%Fen reggolﬁﬁ1gﬂ fjrocarbon
HganiissE: Ny betpr ewi @eduitn 123Ki (i )X hetvdrhameously,

sal sol uti ons of mcroorganisns, the kit my
tdishprice 100LASUEGCt i GPREEBE ude aLRieiMaks &84 t iEgoting

ekl 0 SpRe pdB3anbagl aboyens OPGEEORI sms. Where the

on s udge ( I's seeded wth ,
mnxﬂﬁmamganosnesblme(ntha:hhyd@ndatbons suudgen ti3e are not
i;s controlled and. npnitored s

8 h .
L o oS LE R LR U S S it HOHE B e COPE RGOt said

ﬁiiﬂbda&dacfrprsl@a nC(|3)g ﬁhyf% ahdpioved apBd that it falls
bi odegr adati on. conditions to be nonitored

wmnuueth%upraiférﬁ@fi |HgRget byomeasisstifrtat are well known
”E%T%%Uf ki b da%ﬁ?t%%&aa§9 ghutrignt eigﬁ§&é15 Tare the

opt i TR such conditions typica
moisture content. falls below the preferred ranges, the

said 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
durihg the proéess. Advantageously, the air'-promotes
fépmation and maintenance of thé biofilm. In one
embodiment, the air is injected into 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 te 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 & to about 8 or from about 6.5 to
about 7.5.

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

In one embodiment, the process comprises the step of
dosing the biofilm contacting the hydrocarbon sludge {3)
with a microorganism solution. Advantageously, the dosing
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depend on the selection of mcroorganisns in the

m croorgani sm solution. In one enbodi nent, the

noi sture content of said hydrocarbon sludge is about

5% (wm) to about 20% (w). 5 Preferably, the

noi sture content of said hydrocarbon sludge is about
p8ombnes tmaialbentant20diM fhe Aliahtdgeodusling the dawacting

poi sture content is optimal for pronoting fornmation
SbFfPthe biofil mby the nicroorgani sns. Were the

DI STHN & fONteBbdehehite hysdi @carhames! 98 {Br@i&n in a

not 10 within the preferred ranges, the noisture
deshnentregfinsai df ApHlodachon eeiga(iPn naglpeion to said

adjusted so that it l's 1.t hin the eferred _
o PR By et ohar | 2 o St s SPERSe e eRP e 2
pepibbe o tabbot exarples wbhene thelvwwiséske. conmhentdosing

falls below the preferred ranges, the 15 said

- TRYYTEC PSR takGag &) PP bR BEEY eBAREHN ORatBIChs factors

akh@h et herdmid W €16981 €Rbhd ScyCT 88SRYatB.a-BEAT %%%ﬁ;e to
[ evel . The hydrocarboh sludge (3) may be aerated wt
bai r trdatiedg t hbopr coessntAhtdmmagedusippl therdis in  said

romotes 20.farmation and mai nt.enance . of the
o P AP o n S4B B AR mariee CHE 2] T8 1) SBLh fgptment
ikhe 1&J udge by-cinpdldtbd of apar ousiecongwrh ésn{ Bt bsPosed the
within the treatnment zone (8). The source of the air
nEGEYOBEIANE SBENPRes86r §OLBF1CA-sui t abl e at mospheric
t t LLhin t t, typi cal .
CPEha! PEBOLLM NG AR LONG (Y CRlddiod of

ranges f about t 0 "about from abou

 timeahmiti 40€her lfeverh abbuthdsCdmpowtizut t406e Wi dde@raded

- gubhall e, pH Liplcal Ly, anges Thom about 80q sbou i
m@'goblbpéna- 030 FARAGRRUS 36 ithe ivdrieoarion sl Hdg& s the

(3) is wunstirred to avoid disruption of the biofilns
mpberddl ke &ve eriddenthet R¥Ppr 88ds sovowprtiredd onheof the
m§&§809&anisms used, and the treatment conditions applied
in the treatment zone.

Typically, the target TPH level 1is an acceptable
level Specified by environmental regulations. For example,
the acceptable TPH le&el specified by the U.S.
Environmental Protection Agency (USEPA) is about 1,000
ppm. Preferably, the TPH level is reduced to less than
about 1,000 ppm. More preferably, the TPH levél is reduced
to less than about 500 ppﬂh 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
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dosing the biofil mcontacting the hydrocarbon sl udge

(3) wth a mcroorgani smsolution. Advantageously,

the dosing 16 pronotes mai ntenance of the biofilm

during the contacting step. In one enbodi ment, said-
dosing is undertaken in a dosing reginme of applying

m croorgani smsolution to said 5 hydrocarbon sl udge

(3) a t hree s. . for peri,od qof . about .

i ne £ LBEHE Y nel Ve HERSH UL olPhatledyplotone sos o
Hpdact glsen maycb e etaraninedpasiecon7sych of agicfts 85%, and
as the treatpment |oad, the_type of hgdrocgrbon sl udge
rgstperefesapRdY PHe2bBREeRPFatPoRPBYRpdPPatants in

sai d A@chydrgcarpop; sl egﬁsoumg tiirﬂetif?@rihﬁ/%r‘@cta@b%n sludge

which treatnent 1s to be conpleted and the
¢dhcértveat bean ofdadraded ct@omsgddi shecept dihke sdlautgiedn. level,

The process may, be_allowed to procged far a perjod of

TP B FRa B  EoSaRof Yo doiso dhdonit s HEd Br @ eresn

bhodrgradedinthfed@athes dhe drivget sTBdgkevaby Theplace the
eriod of tinme required may_ depend on factors such as
Reataft PEArePrrPeYeflBfigehén IErE‘FeFFﬁ‘PU{“@nbeZPP@at( 8Y;

the type and concentration of the m croorganisns

used, and the treatnent conditions applied in the
treatnment zone. 20 Typically, the target TPH | evel is

an acceptable |evel speciéied g% envi ronnent a

regul ati ons. For exampl e, “¥H&4Tceptable TPH | evel
specified by the U S. Environnental Protection

Agency (USEPA) is about 1,000 ppm Preferably, the

TPH |l evel is reduced to |less than 25 about 1,000 ppm

More PBréremdiiation qPHeRl etontanigaed wibh|beusker fuel
t han about 500 ppm Mbst preferably, the TPH | evel

is reduced to | ess than about 250 ppm Alternatively,

Hfe@retirbbrnsyudfet b6 PeOtesatady be expressed based

on the percentage of reduction in TPH
The hydrocarbon sludge to be treated was soil

contaminated with bunker fuel. The wvolume of contaminated

- g0il was about 2,000 metric tons. The TPH originally

present in the contaminated soil was appfoXimately 50,000
ppm (5%). At the hot spot, the TPH was aboﬁt 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 té reduce
the TPH to approximately 25,000-50,000 ppm. The
centrifuged and washed contaminated soil was excavated and
placed in a treatment zone. . Each 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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30 level. The percentage of reduction is determ ned
by the followng formula: (Initial TPH Level .- Fina
TPH Level ) x 100% Initial TPH Level 17 Preferably,
the TPH I evel is reduced by about 50%to about 75%
nore preferably by about 75%to about 85% and nost
Bi&f 6P&5F}*‘u5§i18§out 85%to about 100% 5 After the

toxic hg ;hydr.o udge hav
been Ho radg%dafoug%?dggc%:ﬁglpt g%re%({?"ae?l&et eve]% Uet about

bbot meatrientt dracidf t yobhy (heedecommksshoned @bt@rlal) The
fresg batch of untreatg% hydro ar bon sludge

Pépl Ged endimppaarad Oty oc'i“a?‘b& & fdde |ﬁ“théFhe bottom of
theat geAt Zane {P) +nk0 géggplﬁas 1% Bihgkeiedi a&foneg;%xy and
soil contam nated with bunker fuel Hydrocarbon

sbodgeteo beﬁtgeadedbﬂh@ahv@imbm behesludg®dso bk m apart)
frea ggdm%% cqgtang%gt 9 &Athebunker fue dTh%

Vo une of “Co tan1né%ed HPeual®Aholit 506864 2t 10 cm
IRtéreal 8nNgo EhppIQHaQ&Igmﬂ&Ibbm@késeﬂkslnAtﬁﬁln 1 m layer
contan1nated soi | was approximately 50,000 ppm (5% .

af the Hontspdnatask WESSahB6P P35O0 Ppnthe base and
%11]:9% TE@e lta':chPé eder gsu O‘;p:wéranél( Bﬁlf eggc%htﬁfﬁ TR Figures 1

evel l ess than 1, 00
@ndt&m nat ed soil was subjected to prinmary treatnent

i nvol %Ecentrlfu tion.,and mashlng to reduc t.he
p

TPH t 55~ GBBY bYT iBPEFY"58, 4865567 080 fpRRYTRESUIE in loss of

eeaut { sgednandnvashedsconvas rabedmsOk '¥@Huilt along the
excavated and placed in a treatnment zone. Each batch

Rasiphery e@fovére aPBo EQPV@dQﬂOW@dmﬁﬁ«@VQb@tang\mnn —offs.
ﬁ@éé*s peftfﬁﬁﬁprghgggs %&Fe@vkreéﬁfggﬂ 1%% gfggnlzed o

poi n pit per batch.
steel scaffolding were. placed. over the pit to form the

cover.

Treatment of the contaminated soil

The solutions of micreoorganisms for treatment of the
contaminated. soil was kept cool under refrigeration at
about 4°C until just before application to the contaminated

soid. 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, IListeria 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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Pit construction A pit was used as the treatnent zone
to treat about 250 netric tons of soil (i.e.
contami nated material) . The pit had a di nension of
22 mx 10 mx 0.5 m The bottomof 5 the pit formng
the base was a m xture of epoxy and concrete. A grid
of gal vani zed steel pipes (1 n1apart) was |laid on

Y
Qﬁ%%%%ls t%ﬁ%uﬁ9$§gg§%§f§§%§§%ﬁ% éﬁ QG% hin 1 m

| ayesoidf dangleant amraatmus@a:&edvasbblm&n plasednonl foot)
the base and 10 grid. The layout of a typical pit is
bahehnt i f ﬁPﬁéﬁ@% 1Eaghq 15 depdesSive SMHIRI MRS gagurged to

h&%c_{ﬂe ! efHl tsarr%)ul OSSSCQilUIﬁ eglﬁ'f[sl‘la%‘e' Qagpﬁdc%;éﬁlﬁlto the

erms wer e 't along the ~periphery of
sgparabnw@ gfoundlt owdudi d téey mmihﬁfsamgiékbavyv@wty—five

sheet s .or C tar s . W-th galvaniz " _ste
m DR EP el g EnarE petisn e dE WY F89, A 1adtvent and
OV edamPls Thgat Meds ofsHahercomlban natednsoi fedh€ation was
solutions of mcroorganisns for treatnment of the

a kbt et hat @@C“§oiolve\}9&§9ﬂ@§pt T&&olt ndery aefaf g@?%ﬁ%ﬁﬁarﬂted
S%Lo%l@bo(lgo g%{}tﬂcj Je%%%:ﬁ%%f Qr es@PP' ' l% tgatsh collected

tam nat e soi | |rst solutl n conp
aﬁﬁcptéuﬁlleereé w1BacaImu§5nmgaﬁhﬂm@m1 Ehalalnﬂ of sample

um.l us, cil.lus cereus illus subtilis,

B D P U Ba i | a0 |3 I Dy REeinst Alphagaz
phedetobast £f 1 baespL aheHS, (é\ﬁpe@&@pacter baunanni i

and Brevi bacillus brevis while the second 30 sol ution

conpri ses Pseudonobnas aerugi nosa, Pseudononas
R$§ﬁ£f ri, Listeria seeligeri, and Al caligenes

aecalis type Il. Air supply and noisture were
controlled at 7 psig and 10% respectively,

throughout t he experinment.
Batch

Table 1 shows the data from a 250 metric ton

Biotreatment Pit 1. 'The mean reduction after 9 weeks was
97.06%. 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 seoil 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% 59.1 93 96.6 97.6
at 9

weeks (%)
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19 Anal ysis of TPH using gas chronmat ography (GC) Soi
sanpl es were collected about 0.35 m (1 foot) below
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
added as solvent and the sanple m x was shaken for 1
Bafiah Zseparation was allowed to occur overnight. The
topqgyer of the,sepanat edidxsappbg (§0nbapNIi RPrric
extracted soil sanple) was collected and
Blplterefaﬂrtteerted?wm a Dhe45Tpm fligviedr fow&mqaleoﬁ at 0 week
apd anal a o
dardd upe @ % bl 3%

afRESULT SyeBalschh E@éh@mémﬁhOMSTm@emaaha3ﬁnpnr@daéelon for
metric ton Biotreatnent Pit 1. The mean reduction

Bagicher2 gwiageld wiis 20007 18%veries £ i Raf meAnat Yl weeks five
n 4400 e gexiyum T t 2 ppm 15
%ﬁ?ﬁ ﬁp%hgg thW%gg]]Egduggd to onﬁya%7 %%%1%?@9. alee
B&Hﬂﬂ@&red&@aﬁm@nt Advanirdgedusited t seal némtviofy high TPH
am nated soil havin levels with the _
ST e bt arosraabit selPFLpRYoESalibee 1 alnost
oﬁ@ﬂ@’&% 1d A% A0 dleamdatd orpiof the. hydr ocar bons.

Table 1. Results for Batch 1 Sanple A B C D E Mean
0. week 3,317 57,215 53,433 38,016 7,088 31,825 9

A L

ton

Sample C D B Mean
0 week 26,707 {200,442 | 14,150 | 2,526 | 25,2774 | 53,820
9 weeks 8§65 | 17,391 | 93 | 132 725 3,841

| Reduction 96.8 91.3 98.3 84.5 97.1 92.9
at 9 '
weeks (%)

112 weeks NA 166 NA NA - NA 396

| Reduction 99.9 99.3
at 12

| weeks (%)

Applications
Advantageously, 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 is capable of reducing the TPH by more than about

95% in about 9 weeks of treatment. Advantageously, in some

cases, the TPH is almost completely degraded.
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Table 2 shows the data froma 250 netric ton
Biotreatnment Pit 2. The TPH |l evel for Sanple B at O
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.
WP TRH A f il SQUNPTE Doilift s T wRedK oralygshemical
1 £S5 Adian 400 Li Kfe BabeBsd. qf LeaboEQ ]
o o SR BP T Be BPSR eh 1BeTRTEs Pirein, fges mot
mariooy garcspsivkeut anognteswlit egater anpostdoesnpletese any
degradation of. the TPH. Table 2. Resuljts for Batch 2
f e ABIEHE I\/Ear{ye%c%ekt%, P ,45?%%{%0035 the
2 s 251 37 4355 8200 1 91 W e ks 868nd 7 n3%h1235132nd 23 herefore
3,841 Reduction 96.8 91.3 99.3 94.5 97.1 92.9 at 9
Vieaks (%) 12 weskd rnNerds Nar NATNA BOSL-Redeess ortreatment,
9. i ks (%9 15 Applications
Sitgvrga eagogrous %/%ﬁgdi scl osed process reduces the TPH
i n hyolr ogAl bobeslamgerdr athaicceptabhe beknel wiclifications
bi odegradation wthin a short geriod of tine. 20 o
Rt o ?HE‘P%O%%(% neltft sTBY SR hECi §’&|1_65é><? pRleeEgnt to the
e apnekihihedi sadvaptagese of; fihe PO AT - 10T foregoing
exanpl e, the process is capable of reducing the TPH
chiys pigrBneh anl Bipout debritangbduor Weekspofit and scope of
t.r eat nent . . Advant ageousl.y, i.n so cases, .the TPH js
Hihost ¢SRS 8 el yalgcggr al&%d. 521 FUrthet rg?lagnd ‘";‘_!I’i such
it fasdt foh £ Mv@Nadepakt €888 €8he within the scope of the

appended claims.
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treatment processes, the process disclosed herein
does not require excessive anmounts of water nor does
it use any toxic chemcals. Hence, the product
resi.due of the 5 process is substantially dry and
harm ess and therefore there is no requirenent for
any post-process treatnment, storage or discharge. It
wi |l be apparent that various other nodifications

and adaptations of the invEABELBA will be apparent to
the 10 person skilled in the art after reading the
foregoi ng disclosure wi thout departing fromthe
Bpirig angkseape offot he drueanitipn and idludyd nt endathining
that all such nodifications and adaptati ons cone '
WW@?@@ﬁ#b@ﬁ%copéﬂB¥ tﬁ@océﬁﬁendéemEFéﬁﬁﬁg 15the step  of

trealidig 13, s
corﬂgt%tn%rg ydrocar%on‘gﬂ{}tlhé process c%wflsﬁ}%g t least

siep off ct)héactﬁcmlcwmgl udgerwotrhaaibmsf:i | n:BaCL_llus sp.
cp ri sing, at Ieast of the follow n

SR S BRGNP A o PBor gdhf GRRoTganisms  and

é¥é&&%é%&¥ié% b . MG QRLEaANS Fhmsandsd OdBr evh bACE 1 hdS being
Sp. m croorgani sns, said contacti-ng being undertaken

widtert eiornli whdes congd theast t|r§>ar5t'4 yleagucparhéy reduce the
anppunt o rocar.bo 2. A process
%&O%I?n% ?réoh%ﬁ %ﬁ:%rl%nf{? %/\r/ﬂes:%l[ n %jf%g gl sture 15

cont ent of sald sludge is about 5% (wt) to about 20%
émtA process as claimed in claim2, wherein
n@.r@tcl@lsé apnELAtnef dai Fl@iMige | habsin s%e(\mlsture
t,40 _ ess I o
e L S e R R kSO
conprising at | east one of said Bacillus
gicroor ani sns, Ac net obact er__sp ngcrolglegams
v

d .
b BEOCFEESs &%, Chtthd éan.%m &n°>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 @ o©of Pseudomonas sp., Listeria sp.,

Arthrobacter sp. and Alcaligenes sp.

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

group consisting of Pseudomonas aeruginosa, Pseudomonas
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25 5. A process as claimed in claim1, wherein said

biofil m conprises one or nore m croorgani sns -

selected fromthe group consisting of Pseudononas

sp., Listeria sp., Arthrobacter sp. and Al caligenes

StA0-6, A DOCeSs aseLl afded, | il alAN 1 M1 N faecalis

said biofil m conprises one or nobre m croorgani sns

tsdeected fromthe group consisting of Pseudonopnas

aer ugi nosa, Pseudonbnas 23 stutzeri, Listeria

seeligeri, and Al caligenes faecalis type ll. 7. A

Progepsoasssl asmed difnel airm dlaivel gi pheakdnBaeik Bmcillus

5 sp.-is selected fromthe group consisting of )

Baci IYsusselertad, BaeR| e mdgaver | GANSBEELPPuLE Bacillus
ilus, il . Baci tikLis: :

{%ﬁ%?$ﬁslg%%ggﬁﬁiug,%§% §u§§§iIF%§§%?g%eH%?§%%$%f'1§?C111us

Berdupy ocEmsiddua ai sedtihisl ai BakiMher ei apBaedicus, and

Aci pet obacter sp, is.selected fromthe group

Q%ﬁ%fé??nglﬁﬁe”i%?FE&%bacter haenol yti cus and

Aci net obacter baumannii. 9. A process as clained in

claim1, wherein said 15 Brevibacillus sp. is = .

Br evRbapirbkbassbr @d s.clEgimesl prigeesglasie| &y redhiegein  said

laiml ¢ rising_durin ai 0 ctJ step,_ .t
£ DitbradPal of clra¥er Bape Reh bR U] e 1 tng o
26 DELEShASTEEF ahfeflo i pr Ctas nadd Bovpetsbagtdur bagmannii.
said contacting step, the step of dosing said biofilm
with a mcroorganismsolution to increase the

1 Cr opr ] popul at.hQE sai.d hirafid mq 25 :
g oceas gogfhs OB, PEARENen, 3 SIalR (he wrerein said
Brevibs gahl sen sont ent Boévshadifigsobrganssm sol uti on

10. A process as claimed in c¢laim 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 claim 11, wherein the

microorganism content of said microorganism solution
comprises 30% to 70% {(vol) microorganisms in a

microorganism culture.

13. A process as claimed 1in <claim 11, wherein the
microorganisms of said microorganism solution are one or

more microorganisms selected from the group consisting of
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conprises 30%to 70% (vol) mcroorganisnms in a :
m croorganismculture. 30 13. A process as clained in
claim1l, wherein the mcroorganisns of said -

m croorgani smsolution are one or nore

L Gk 9P, gan; pl f cops.sti .
e e s P e e e iy Bacr 1108 Pumilus,
paniflss dBawus,usBeei¢liss Battd s suBkclildus sphaericus,
Baci |l | us sphaeri.cus, . Bacillus_|icheniforms,
Bcii s phegene P8 ops b 1P§‘é?u_g’|rﬁé’§§/ Pseudomonas
FSBULOADERS SPdlt@monlalsSt €5+ @r 5881 | 0Cligtdria  geeligeri,
Aci net obacter haenol yticus, Acinetobacter baumannii, -
Antnenveattgends dumpigal daud ypédinetbbachegr obessansii, and
lalmed in claim1l, whereiph said dosing is
%%%%??%ﬁ%ﬁsi#F%F%%%%n%y?%g*ﬁb of appl ying

m croorganism 10 solution to said sludge about every

three weeks for a period of about nine to about _
thel HePREERSS 85 USEmsid g1 | @h3iMt Wb oihemein said dosing

[l oy L. Cr Oor gap| : L ; s .

o crab LR B J0LATRg redins U Splving pugrggroanien
sntutBrevi baci bhid spludger abrgeni sweryf athdd®e weeks for a
forma iqﬁ q% a biofilmfar treatiﬁg a sl udge
ROM @ it h P rdr b DorS. 2RUE Thee g EtekFai m 15,
wherein the biofil mfurther 20 conprises

m croorgani sns sel ected fromthe group consisting of

- Feeuddsmnas sp. lekisst éria ¢p. thar theddloadngr misproorganisms:

caligenes sp., and.conbinati.ons thereof. 17. The
BEPLETS f8s i CRTBEaRRR | e Bnethpatier - sp.
i & QOf Gt S ahel SBreeiBeclronst ke .0rQuer69p§ASLERY, for
of Bacillus lentus, Bacillus negaterium Bacillus
i | GermaBaen| | @f cet eudioBadm | J®subtFeaing a sludge

orE na DR TrerEao785 18, "The use. of ol & m 15

wherein said Aci netobacter sp. |

16. The use of claim 15, wherein the  biofilm further
comprises micfoorgahisms selected from the group
consisting of Pseudomcnas sp., Liéteria_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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Jmcroorganisns are selected fromthe group consisting

of Aci netobacter haenol yti cus and Aci net obacter

baumannii. 25 19. The use of claim 15, wherein said-

Brevi bacillus sp. mcroorganismis Brevibacillus

B eVighe 2QseAcH U@E&lrﬁ‘y?rjoca‘ﬂ@%ﬂﬁdsihﬁi” BYe3iBLeLiIMs sp.
comprising 5 at least two of the follow ng

i T SOy g SNsk s Bacevibscspl us nbrewvds gani sns,

Aci net obacter sp. mcroorgani sns and Brevibacillus

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

o ai m 281 uMber aviirberobdd Mt iharind t hebi @i $R%Mmprising -
m croorgani sms _sel ected fromthe group consisting of
aFtseL@mf@nb‘so sfpf thesfedlgvwipg, MisrcwrebadsassPacillus sp.

ne !%L%lg% I ng ?}gﬁ or eﬁeagl?:ta%-t?gf]s?;gle{l Oér?&ggglsms énd

.Bﬁﬁmﬁbé&iﬂmuﬁxhydrm&mw&mwgﬁmuﬂgg.conpr|S|ng the steps

of: (a) placing said sludge in a treatnent zone; (b)
seeding sai d sludge wi th m croorgani snms conprising .

eﬂg[ 5YRagt BALddusrai A ET 88 9aniisz0, 20n
AC|neto acter sp n1croorgan|sns and Brevi baci | ? grein the
bmnfxﬁmwimn@h&msn@mptc$e$ommpmgoagbnmﬁmsnsbdeatsd|drom the

seeded m_croorgani sns; % gd@ adlng sa

D caFBBR SWHi n Shi dFSFUEY o‘”ﬁ usifirg sa asterla SP- s
DredidpaceSr AspRthodaasathgbned il ai mrd, WeetSidhtions
the treatnent zone is a pit having a substantially
Yharegadi ous base. 30 24. A nethod as claimed in claim

22, wherein the treatnent zone conprises a

substantially inpervious cover for covering said

‘=zl udge. method o©of making a bioremediation facility for,

remedlatlng'a hydrocarbon sludge comprlslng the steps of:

(a) placing said sludge in a treatment zone;

(p) seeding said sludge with microorganisms comprising
at least two of Bacillus ‘sp. microorganisms,
Acinetobécter sp. microorganisms and Brévibacillus
sp. microorganisms;

{c) forming a biofilm from said seeded microorganisms;
and ‘ _ |

(d) degrading said hydrocafbons within said sludge

using said biofilm.

23. A method as claimed in claim 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 forming step (c) and said

degrading step (d). 5 26. A nethod as clainmed in

stai M\ 22 Whar eish dheidipfid mafunt her COHRH$4 5 thfe step
m croorgani sns selected fromthe group consisti gg 0
®Seudononas sp., Listeria sp., Arthrobacter sp.,

Al cal i .sp. , _and canbj nati.ons_th .10 27. A ,
i £t o Id 47 1 PRRR: ) A utigB B@ncah niRg s one of said

- bygnoggrbeas, (Eheakit se0APAEG§HAGingi dtapSehyti on

containing at |east two of Bacillus sp.
m croor gani sns, Aci netobacter sp. mcroorgani sns and

3@ Brevibachll us sb.o 1 Gf oQt géf%%sgzaf‘%h(e'r!e%t the biofilm
Instructions for contacting sard solution w iS4

sthutiger urdaiprderdi thbasod bgdol sead Biedkidtmdof f 8@ dthe group .
m croorgani sns and to at | east partly reduce the

SREREE BRI Ry drotEHBBIE G BWid SLG4§E1226 28, A Hgobacter

85 ¢l Al BRY i hBnELakP 2 7anHUELREInSPIBAL SLAGr 8ot .

sol ution contail ning m croorgani sns selected fromthe
group consisting of Pseudonobnas sp., Listeria sp.,
thr baﬁtgr S| Al cal,i ge%es 3:0 and caonmbj nations . .
eredf . <25 28°TA K€ ad bl &iMredi cl%i Mm% SgPntaining
hydtbeirisOAP| | 6h8JkieNeoRprBiggaddi tives or
nutrients, wherein said one, or nore additives or
nutri €ht s ar écdapaleine @Fnfeniaed ngtt He@asdr owWp a@Ad Bacillus

S'fzﬂio@r%%r@ﬁﬁ%s‘if 580 MBLeREgaN SIE 0, 080588 dns  and
Brevibacillus sp. microorganisms, and : o

o (id) instructions for Contacting said solution with
said sludge under conditions to form a biofilm of said
microorganisms and 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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