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ExecutIve Summary 
Llpo'mme<; compo~ed of SOy bean leclthms mduced repeatedly a hIgh level of prohferatIon of 

m1(.,roorganlsm~ present m the soIl contammated or not wIth orI on a laboratory scale ThIs 

effect can be translated m a potential bloremedratton method of Oil contammated sorl The object 

of thIS proposal are to analyze m depth the pnnclple of hposome mduced blOremedIatIon 

optImIze the hposomal composItion and ItS mode of apphcatlOn The latter WIll be related to the 

precIse nature of sOils and degradmg mlcroorgamsms The most effiCIent method to extract 011 

from contamInated sOli IS based on freon extraction Because freon IS not envIronmentally 

fnendly, we have developed an alternatIve method USIng hexane as extracttng agent The use of 

lIposomes as enhancers of blOremedlatlOn were combmed With the use of Oil degradmg 

microorgarusms commercIally aVailable and WIth mlcroorgarusms Isolated m Kazakhstan OIl 

degradmg bactena Isolated In Kazakhstan were charactenzed In Israel Growth curves of these 

bactena on 011 mlmmal medIUm were estabhshed Presence of genes specific to 011 degradatIOn 

were looked for by InvestigatIng the presence of piasmlds hnked to 011 degradation In these 

straInS Enhancement of blOremedratlOn of 011 contammated soIl by addmg these bactena were 

studIed and did not show a great advantage on hposomal treatment alone The Kazakh bactena 

were found to have an emulSifier actiVity rather a digestIon activIty on 011 The bactenal 

populatIon whIch Increased dunng hposomal blOremedIatIon of 011 contamInated soil were 

studied and charactenzed by bIOchemical and Gas Chromatography techmques SpecifiC bactcnd 

were found to be enhanced by the presence of lIposomes Most of the bactena ennched dunng 

treatment of contamInated SOil belonged to genera known to be able to usc orl as a source of 

energy Bemg of natural ongm the hposome<; dre non tOXIC and fully bIOdegradable We 

anticipate that thiS technology Will also Improve the availabIlIty of the oIl to the m1(.,roorgdlll<;m~ 

thereby permIttIng bloremedratlon even m emergenue~ <.1..<; well ~ biOfeC\.llTldtlon of 

contammated soIl The ultimate goals Will be to up,>wle the hpo<;ome Induced bIOremedlatlon 

conduct fwld tnal tests and eventually usc hpo~ome,> lor blOreciamatlOn of contamInated sites 

B) Methods and Results 

Research Objectives 

In thIS proposal the overall mms were 

BlOrecIamatIon of sites contammated With OIl wastes USIng hposomes composed of naturdl 

phospholIpIds 

The specIfic objectIves were 

-Optlml71ltIOn of the composItIon of the phospholIpids to obtarn maximal oil degradatIon 

-InteractIon between mIcroorganisms and vanous hposomal compoSItIOn and <.-haracten/atlOn of 

bactcnal populatIons enhanced by hposomes 

-CharactenzatlOn of Oil degradIng bactena Isolated m Kazakhstan 

In Israel at the Hebrew Umverslt" Medll.al School the follOWIng tasks were realI/cd 

det.ermme the ..unount of 011 m wntan1mdfed IOOJlS , ~ ~ 

4 

3 



!}) rcpl~cmeM of the freon-bdscd c~thlttlOt1 m~tHtid b\ dI1 hc't!it1c-based e\.tradIOn method to 

b) LOmpanSOft ot the effIcacy of \ anous IIposome tormUlauon~ m UIUut:glliuallvll VI .:>vu 

c) evaluatIOn of the blOremediuhon actIvIty of the straIns Isolated In Kaza!J1sKm 

d) charactenzatlOn of bactenal populatIOns enhanced by hposomes 

In Kazakhstan, at the Kazakh State Umversity the folloWIng ta.si.s wpre r~qf,z~R 
a) Isolation of bactena groWIng mOIl contammated sOIl 

b) charactenzatlon of bactena growmg on crude oIl 
c) AcqUIsItIOn of PCR methodology for future charactenzatlon of OIl gradlJl~ ~ctet)1} 

B 1 Source of sod, treatment and oIl extractIOn 

Source of soIl 

The soIl both contarmnated by crude od and uncontamInated was given to as by Or Yosefa 

Ben-asher of the IsraelI 011 OffIce The source of sod was a field near the CIty of Rannana 

(Israel) that was contamInated by aCCIdent In 1992 The InformatIon regardIng the amount of 

contamInatIon was also gIven to us by Yosefa Ben-asher of the IsraelI OIl Offi<...e In the 

expenments descnbed m tills paper we used soIl contamInated by 16636 ppm WhICh m the text 

IS referred as -17,000 ppm oIl contamInatIon 

PreparatIon of sod for bioremedratIon 

Ahquots of 60 g or 150 g soIl were used, all samples were watered so that 30% of the weight of 

the soIl was lIqUId Samples WIth no IIposomes were watered WIth stenle tdp water and 04 mg 

(NH4)2HPO.j. per g SOil was added Samples With 06% IIposomes where watered with 10% 

SUY IIposomes (S- 100) dIluted m stcnle tap wdter dI1d 600 }tl of «(NH4)2HP04 (100 mg Iml) 

SolutIon was added S.1mple,> WIth 0 1 % hIXN)me'> where wdtcred wIth 2 1 ml SUY hpo'>ome'> 

(S-100) 579 ml stenle tap w.1ter dI1d 04 mg (NH4)2HP04 per g ~oIl W.1'> dddcd (NH4)2HPO~ 

WdS .1dded as.1 ~our<...e of Nitrogen 

InLubatIOn <...ondltlons 

All soIl sample~ where mcub.1ted .1t 30°C In.1 r(XJm \,\-Ith .1 penn.1ncnt temperature wntrol 

IncubatIOn was done under acroblL condItIOn In J.1f'> With .1 scre\'\- cap All s.1mplc,> \\crc 

ventIlatcd by mlxmg the soIl once m two d.1Ys All samples where watered .:tfter 10 days \,\-Ith 

6% stenle tap water 

Drymg the soIl m preparatIOn for OIl extractIon 

The samples we wanted to check. for reSidual ad after m<...ubatIon were too wet for od extractton 

The problem was solved by pre drymg the soIl before oIl extractIon 40 g of SOli were put In a 

chemical lumIn.1ry hood for two days, then the SOil was passed to a aIr vacuum at 40°C up to a 

POInt where the SOlI weight remained stable 

011 extradlon 

011 e\.tr.1ctlon was performed on samplcs of 10 g soli The .1hquots werc mlxcd WIth 25 g 

.1nhvdrou~ magnesIUm sulfate (to alborb resldu.1l \\.1ter In the ~oll) 120 ml 01 Frcon (1 1 2 



tnchloro 1:2:2 tn fh,ro ethvJcne bOiling pomt 47°C) where added and mned on a magnetlc 

'>tlITer lor 30 mIn After the '>tlmng \\e \\aIted 15 mm for the solIds to smk to the bottom of the 

Erlenmeyer 75 ml of the upper flUId where transferred to a clean flask where 5 g of SIlICIC aCid 

were added (to absorb polar lIpIds) The liqUId was fIltered through fIltenng paper (Whattman 

no 3) Into a weighed colb evaporated and than weighed agam The amount of reSIdual 011 was 

calculated after the evaporatIon To ensure that the extractIon method was speCIfic to 011 and dId 

not extract the phospholIpIds from the IIposomes we compared levels ot phospholipIds In the 

extract The method was speCIfic for orl In parallel hexane was used as a substItute of freon 

and effiCIency of extractIOn of the two methods was compared The results obtamed In our 

laboratory showed that With proper homogeruzatIOn of the contamInated soIls SimIlar extractIOn 

efficacy were obtamed usmg hexane All freon-based procedure were replaced by the hexane

based procedure 

B2 Llposome preparatIOn 

A 10% hposome solution from phospholipIds extracted form soybeans was used The 

commercIal name of the product used IS S-IOO (the number refers to the percent of phosphatIdyl 

(.,hohne In the product) manufactured by LIpOId GmbH LudwIgshafen Germany DDW was 

added to 100 g of phospholIpids to a total volume of 1 liter The mIxture was homogeruzed by a 

HIgh sheanng homogenlLer (KInetica GmbH LIttan-Lu7em SWIti'erland) In thIS procedure 

multtlamellar veSicles (MLV) are formed The ML V solutIon was transferred to a Rannle mml 

Lab 8 30H homogemzer at a pressure of 10 000 PSI ThI'> pro(..edure m..u..es hposomes that are 

small umlamellar veSicles (SUV hposomes) The SUV hpo~ome solutIon was filtered for 

stenluatIOn through a 0:2 }tm polywrbonate fIlter (Haran et al 1993) Sue cvaluatIOn Wd.." 

performed With a Coulter partIde '>I/C analy/er (Coulter Ele<-tronI("s HlgIcan Ronda USA) 

The hposome veslde Sl7e wa.." 30-60 nm (Barenhol/ & Am"alem 1993) Evaluation of 

phospholIpid concentratIOn m the hpo'>ome solution Wd.." performcd by evaluatmg the amount of 

phosphate by a modificatIon of the Bartllet Methcxl (BarenholL & Am"aIcm 1993) 

B3 Bacterial Growth and CharacterizatIon 

Bactenal growth 

Growth on lIqUId medIa was used for ,>e1ectlve growth of 011 degradIng bactena A minImal 

medIUm (MM) contaIrung crude oIl was used 1 lItter of MM contaIned 5g NaCl, Ig NHlN01 

19 KH2P04 02g MgS04, 002g CaCI 500}t1 trace elements and 10 ml of crude 011 Before 
prepanng the medIUm all the salts where burnt at 180°C for 30 mIn, to ellmmate carbon 

sources that the salts contaIned The final pH of the medIUm was pH7 (Stamer et ai, 1986) 

Bactenal growth m MM was done at 30°C m aerobiC condItions, all samples where shakpn at a 

speed of 15 RPM for a penod of 14 days Growth on solId medIUm for bactcnal counts and for -

bactenal IsolatIOn \\as performed on pt.-tn dIshes contaIrung tryptl(" soy agar (TSA), composed 

of 15 g Bacto agar (Dlfco) and 30 g tryptiC ~oy broth (Dlfw) m 1 LIter of DDW The petn 

dIshes were mcubated after applymg the samples at 30°C for 48hr m aerobiC condItIons For 

5 



bJ.denJ.I COlm£<.. ~J.mrles 01 1 g <;oIl \vas tdk.en cmublfIed In ~alIne dIlutcd In loganthm dIlutIOn 

J.Od seeded on petn dishes 

IdentIficatIOn of ba<-tena 

For C"haractenzatlon and IsolatIon of the bactenal colonIes 1 ml of the lIqUId medIUm after the 

mcubatlOn penod "" as dIl uted and seeded on the petn dishes Isolated colonIes were Plck.ed, re 

Isolated and then charactenzed A gram stamIng was performed to control that the bactenal 

colony was a pure Isolate In order to determme whIch method of charactenzatlOn would be 

used pnmary charactenzatlOn was obtamed by performmg a few basIC tests Growth 10 aerobIC 

and anaerobIc condItIOns gram staInIng, o'Udase and catalase actIVIty Charactenzmg all types 

of bactena was done by the method of MidI MIcrobial IdentIficatIOn System (MIS) A method m 

WhICh the fatty aCid profIle of the bactena IS analyzed by gas chromatography (GC) The result 

IS compared to a computenzed reference lIbrary to deterrmne the bactena Species (Wallace et al , 

1988 Wallace et al , 1989) IdentIficatIOn of gram negatIve aerobiC bactena was performed m 

addItIon by a commercIal kIt (API 20 NE) The kIt tests 8 bIOchemical tests and 12 carbon 

asSImIlatIon tests DetermInmg the bactena speCIes was done by companng the test results to a 

computenzed reference lIbrary usmg the program AnalytIcal Profile Index) PreparatIOn of the 

bactenal stains for charactenzatIon was performed followmg the protocol of bIOMenelL'C VItek 

Inc Marcy-I'EtOlle company (Overman et al , 1985) 

84 PUrification and IdentIficataon of the 011 degradmg strams brought from 

Kazakhstan 

The two Kazak.h students brought 45 straInS WIth them to Israel Isolates 01 oIl 

degradmg bactena were rccultured and repunflcd on mmlmJ.! medIUm contdImng 011 a.., <;oIe 

source of carbon and energy StO(,k. bactcna were saved J.t -700C From the <;tock. collection the 

follOWIng tests were done on each ..,tram Gram stam MotIlIty AerobiC I AnacrobIC 

Fermentatne metdboh<;m on Hugh-Lclf<;on mcdIUm Growth on McConk.ey agJ.r O\.lda<;e tc..,t 

API non entenc NE API for StJ.phylowccu~ The rcsult~ showcd that from the 45 <;tram~ whICh 

were brought to brael 22 were Ye.lst and only 23 were bacterIal straIn<; PrelImInJ.fj 

IdentificatIOn revealed that 7 strams were Gram negJ.tJve motIle rod~ OXIdase + and catala...,e 

vanable WIth no pIgment (pseudomonas hk.e) Fifteen strams \\ere Gram posItive bJ.ctenJ. 

comprIsmg 3 strams of Gram pOSItive COCCI (stram 27) and 12 strams of Gram POSItIve lITegulJ.f 

rods OXIdase negatIve and catalase vanable pIgmented (yellow orange) and non motIle To 

further IdentIfIed strams 27 and 31 ammo aCid analYSIS of the baetenal cell wall was performed 

by TLC The technIque for ammo aCid analYSIS of cell wall for stram 27 and 31 by TLC after 

alkalI digestIOn of cell wall was done as follow Bactena were grown on LB broth, harvested 

washed 10 DDW and the pellet was re~uspended on 1 5 ml of 5% KOH (stram 27) and 1 ml for 

stram 31 The reaction mixture was Incubated at loo°c for 35 mmutes and then cooled An equal 

"olume of DDW \v~ added and the preparatIOn was centnfuged 30 mInutes at 10 000 g The 

cell wall<; were suspended In 250 ml of 6M HCI J.nd Incubated at l{)()oC for 18 h The sdffiples 

were dned under vacuum and dIluted In 50 ml of Isopropanol filtered (02 mm) Four 
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microlIter') \\ere run on TLC ,>!IILa gel pldte') u'>mg J.S solvent d chloroform methanol dmmOnId 

\\dter 883 1 mf''(ture for 2 5 hour') Reference') Lysme orruthme alamne ,>enne, glycme 

glutamIC dCId glucosamme were run m parallcl The dmmo dCld profile~ of strams 31 and 27 

were similar Lysme was found to be the major dtammoacid Stram 31 IS coryneform with 

COCLUS cycle and contullled lysme ThIS analysIs confIrmed thdt stram 27 IS a true MICrococcus 

and that stram 31IS a Corynebactenum-Corynefonn 

85 Screemng of bacterIal strams for rapId growth on mInImal medIUm with oIl 

as a sole source of hydrocarbon and energy 

011 degradmg bactena Isolated m Kazakhstan and charactenzed m Israel (see above) were 

moculated on mlmmal medIUm contammg 3% of Tenglz oIl as sole source of carbon and energy 

MImmal medIUm compoSItIon NaCl 284 g, K2HP04 4 74 g KH2P0-t. 056 g MgSO-t. 0 5 g 

CaCI2 0 1 g Nf-4N03 2 5 g Trace elements 1 ml, Fmal pH adjusted to pH 7 1 

ThIS medIUm was stenlIzed by autoclave before addmg as the sole source of carbon and energy 

3 ml of Tenglt crude 011 The moculated medIUm was mcubated at 25°C for 15 days under gentle 

shalang (200 rpm) The followmg 6 stams (20 27,30,31, 33, 25) were selected from the VIalS 

m WhIch the otllayer could be seen as broken the most rapIdly (5-10 days) 

86 IdentIfIcatIOn of plasmlds encodmg genes responsible for oIl degradatIon 

The presence of plasmlds lInked to 011 degradatron was mvestIgated m the strams whIch 

broke the 011 layer the most rapIdly Usmg the regular pldSmld IsolatIOn techmque of Birnbolm, 

smaIl plasmlds were detected m strams 3 8 9, 10 20 25,30 33 38 

Methods for large-plasmid IsolatIOn were set up u~mg ~ a control stram Pseudomonas putlda 

whIch hdS a large pla.'>mld (TOL plasmId) of 117 Kb '>l/e We were able to detect the TOL 

plasmId from Pseudomonas pU!lda but no large plJ.smld \\J...'> found m the rapId growmg 

')trams from Kw-akh')tdn even when mmg m addition to gel electrophoresIs 

UltracentnlugatlOn H(m-ever hybndl7atlOn 01 the DNA~ of '>trdln'> 20 dnd 33 \\Ith the labeled 

TOL pldsmld m d Southern blot re')ulted m one pmitIve bdnd m each strdln To confIrm dnd 

Identrfy the pO~ltIve bdnd we used PCR dmphfICdtIon bd'>ed on d conserved gene pre'>ent on the 

TOL pl~mld We used pnmer') denved from the Xyl E gene encodmg d catechol 23-

dI()"\ygenase (Marque~ S dnd Ramos J L 1993 Mol MlcroblOl 9 923-929) 

The followmg pnmers deduced from thIS gene were synthesl/ed (NBI AnndpoiI') USA) 

F 5'-CACGTTGGCGGAAACAAACCTGAC-3' 

B 5'-AGGTCAGCACGGTCATGAATCG-3' 

These pnmers should amplIfy a fragment of 900 bp m SIze 

PCR condItIons used to amplIfy the Xyl gene were as folIo\\

Pnmer 10 pmal + 100 mg/ml BSA + 2 5 mM dNTP 
- Polyme~e 03 V/ per reactIOn m manufacturer buffer 

Cycles 94°C '( 40 seconds followed by 
26 cycles 60°C "\ 1 30 mmute 

75°C '( 230 mmutes 
FmJ.l 75°C"\ 10 mmute'> 

40 C "\ 10 mmute'> 
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After e~t..J.blt~hIng \\lth tl-Je TOL pld.'>mld thdt the wrrect bdIld \\,lS amplified (900 bp) 

we found that straInS 20 and 33 produced by PCR a fragment of 1200 bp and not 900 bp dS 

e"\pected but whICh hybndlzed With the labeled Xyl E gene Therefore were able by PCR 

dillphflcatIOn to Identify two strams with homologous genes to the Xyl E gene These strains are 

now bemg further charactenzed 

B7 16S RNA peR 

Fmally the first step for the detectIOn of bactena by PCR was performed Pnmers 

deduced from 16S RNA were used to amplIfy a specIfIC DNA fragment from lysates of both 

Gram posItIve and Gram negative bactena SIX strains were checked by 16S RNA uruversal 

pnmers to evaluate the method The followmg unIversal pnmers (Bruce et al Appl Environm 

MicrobiOI 1992 583413-3416) WhICh should amplIfy a 1500 bp fragment from the 16S RNA 

were syntheSIzed at the Hebrew Uruversity 

F 5'- AGAGTTTGA TCCTGGCTCAG-3' 

B 5'-AAGGAGGTGATCCAGCCGCA-3' 

The amplIfIcatIOn (PCR) condItions were as follow 

Primers 20 plcomole 
BSA 100 mg/ml 
Vent Polymerase 05U 
Hot start 940 C X 3' followed by 
26 cycles 94°C "\ 40 seconds 

600 C X 30 second~ 
750 C X 1 40 mmute 

Fmill 750C X 5' 
4°C X 10' 

ThiS protocol was applied to 6 ')trams and we obtaIned the proper 15(X) bp fmgment for 

edch ~tr dm 

88 EvaluatIOn of the blOremedIabon activity of the strams Isolated In 

Kazakhstan 

Among the 45 ')tmms brought to Israel from KVdkh..,tan 25 ')trdlm hdve been e'Cdillmed 

and three hd'<e been defInitively Identified dS MIUOU}((Uj rubeum Corvnebactenum spp dOd 

Acmetobacter spp The three characten/ed strams Isolated In Ka/akhstan were added to the 

dbove mentioned systems Their contnbutlon to bloremedmtIon of 011 cont..J.mmated soils \\as 

evaluated Usmg the bactena from Kazachastan seems to Improve the degradatIOn a lIttle but the 

results were not very conclusIve The bactenal count m these expenment dId not allow to 

dIstingUish between the indIgenous badena and the exogenous bactena ')0 we could not check 

If the bactena added succeeded to grow m our samples, or to compete With the mdlgenous 

bactena 

To e"aludte the growth of the added e'Cogenou~ bactena m the soil SOlis were stenlIzed 

dOd then were Milflually contammdted In all these e\.pcnments there was no positive 

correlatIOn bet\\een the bdctenal count dnd the oil degmilltlOn ThIS md} be due to the fdet that 
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the bdctend hd' e J.11 dbIlIt) to I \ e In ... medIUm contJ.mmg oil (In thI'> t.m,e '>011) but they u'>c 

poorly the 011 as a source of carbon and energy 

Although strams 10 27 and 31 did not Imprm e the oil degradatIon they were found In 

lIqUId medIUm good oIl emulsIfier Therefore the effect of added bactena (Mlcroccus spp straIn 

27 and Arthrobacter straIn 31) on oil bIOremedmtIOn In lIqUId medIUm (10 ml of mImmal 

medIUm and 100 /-LI of 011) was evaluated Bactenal Isolate 27 showed a moderate growth In the 

hrst two weeks The growth was very moderate m the penod of the expenment Bactena 

number 31 grew slgmflcantly between days one and three and contmued groWIng untIl day 7 

and then after a small decrease remaIned stable 

Bacterial growth 
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o 10 
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• 
Bactena 27 
Bactena 31 

Ot! degmddtlon W.1.'> dho evJ.!udted In the'>e e'\pcnmenl'> pctiormed In liquid medium The re'>ult'> 

~howed thdt there \\d~ no '>lgmllLdnt 011 degrdddtion the difference between the sdmple'> \\ Ith 

bdLlend J.11d the control Wd..'> hdrdly noticed (<;ee tJ.b1c below) Thl'> m.ly by reldted to the p<x)r 

b.lLlenJ.! replIwtlon Even though there \\.1.'> no '>IgmlIwnt oIl degmddLIon there \\.l~ .l '>IgmflLdnt 

VI'>ual chJ.11ge In the oIl In the control <;amp1c~ thc OIl dbove the medIum W.lS 10 one shInY layer 

dnd the medIUm below <;tayed dCJ.r In the <;amplcs with the badena the oIl '>ecmed to be 

emulslfICd In the medium and unshIny, the mcdlUm bccame turbid ThI'> ,>ugge~t.<, thdt the 

bdctend produced emulsIfiers WhICh changed the phYSIcal state of the all Some of the emul'>Ifrer 

may contnbute to the 011 weIght IndUCIng an artIfact to the determmatIOn of the all weight 

Residual 011 

sample/week o (mg) 1 (mg) 2 (mg) 3 (mg) 

control 452 452 42 42 

2(bac 27) 443 3506 39 16 392 .-
3( bac 31) 36 1 45 Ii 4006 3596 
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89 Comparison of the efficacy of various hposome formulatIOns an 

bIOdegradatIOn of soil contammated wIth varIOus amount of oIl 

The dIfferent e'<pcnments In bloremcdmtlOn of soIls contaminated by od show that there 

.Ire certam condltlOn~ that Improve the blOremedmtlOn there seems to be an advantage In USing 

SUV composed of S-I00 soy phosphatldes over SUV composed of S-40 soy phosphatides By 

companng SOlI with sImIlar contaminatIOn of 011 (~15,000 ppm), Llposomes S-100 allowed as 

much as 75% degradation of the Oil whereas us10g Llposomes S-40 there was only 57% 

decrease 10 011 contaminatIOn However blOremedmtIon WIth added SUV composed of S-40 was 

better than the control soIl WIthout SUV The advantages of Llposomes S-100 was also clear 10 

the bactenal count The bactena grew contmuously 10 the penod of the e'<penment or there 

amount stayed stable whereas when Liposomes S-40 were used the bactena grew rapidly dunng 

the first three days and then there was a moderate contmmng decrease 10 their amount 

In the first e'<penment presented, soIl was contammated m the lab for controlled 

contam1OatIon The soIl was contammated to a level of 10,000 ppm (10 mg crude oIl per 1 gr 

soIl), the soIl was then 10cubated for two weeks 10 room temperature, so that the 011 would be 

well absorbed and the populatIOn of Oil degrad10g microorganisms Will be ennched Soli was 

then separated to two aliquots one that hposomes 06% were added and the other Without 

hposomes Both samples contaIned 60 gr soIl and were treated as descnbed m matenals and 

methods OIl e'<tractIon's was performed before startmg the expcnment and after 21 days of 

mcubatlOn Before treatment the 011 e'(tractlOn results were 347 mg/lO g soIl After the 21 day 

mcubatIon penod '>011 treated With hposomes the 011 amount was reduced by ~ 75% to 9 mglI 0 g 

soIl (s d ±O 73) m the '>011 With no hpo~omes the 011 J.IT1ount was reduced by ~% to 19 9 

mgllO g soIl (s d ±1 05) (fig 1) 

Fig 1 ReSIdual 011 m '>011 cont.lmmted 
In the labomtory by 10 000 ppm 011 

illter 21 d.IyS InWbdtltm 

40 347 
0 

30 

20 
f2j 

10 D 
o-'-tw... ....... .&:.A~~;;;.....;;;.-L

SdDlP\es of coatanunatcd sod 

Ikfon .. trcatmt..nt 

B No hpmomt..~ 

Bhp () 6 % hposomes added 

Legend fIgure 1 Before treatment the soIl contdlned 347 mg/lOg soIl of crude 011 In SOIl treated 
With no hpo~ome,> illter 21 days incubatIOn 19 mgllOg SOil of uude 011 reSIded ill the soli (B) In 
the soIl treated \\-Ith the hpo,>omes 9 mgllOg soIl of cmde Oil re'>lded In the- soIl (Bhp) after the 
~ame penod 

The blOremedmtIon c'"penment WIth soIl contaminated In the field by ~ 17000 ppm crude 011 was 

Improved \\hen \\C ddded hpo~ome<; after dn InWb.ItlOn pcnod of three \\eck.s (fig 2) In all 

10 



\ample,> there ~eem'> to be no Improvement afte" one week. of InCUbdtlOn there I~ no reductIon In 

the amount of oil In the ~oIl (SOli Without hposomes 40 7 mgl10g SOIl of s d +'" 03 sOlI WIth 

06% hposomes 323 mg/lOg soIl of s d ±1 29, and soIl with 0 1 % hposomes 2946 mgllOg 

soli s d +'" 91) After two week.~ there seems to be a sigmtIcant progress In the bioremedmtlOn In 

all samples In the samples WIth no Irposomes added there was -60% reductIon In the oIl 

contamInatIOn (132 mgllOg sOIl of s d ±137) In the samples WIth the hIgher Irposome 

concentratIOn (06%) there was also a reductIon of -60% In the oIl contamInatIon (13 1 mg/lOg 

SOli of s d ±O 4), m the samples WIth the lower hposome concentratIon (0 1 %) the oIl 

contamInatIon reduced by -70% (94 mg/l Og sod of s d ±1 62) After three weeks at the end of 

the IncubatIon penod the bloremedmtIon In soIl treated WIth hposomes (at two concentratIon) 

seems to Improve though the bloremedmtlOn In soIl treated WIth no hposomes didn't Improve 

(samples WIth no hposomes 148 mg/lOg soIl of s d ±1 02) When USIng hposomes at the 

lower concentratIon (0 1 %) there was -80% reductIOn m the oIl contamInatIon (6 mg/lOg soIl of 

s d ±O 66), -75% reductIon In the oIl contammatIon was achIeved when USing hposomes at the 

hIgher concentratIOn (0 6%) (996 mg/lOg soIl of s d ±1 16) 

Fig 2 KInetIcs of bioremedlatIon m ~0I1 
contaminated by -17,000 ppm 011 

100 

75 

50 

25 

() 

o (A) No hposomes addl-d 

m (8) Llposomes addl-d 0 6% 

8 (C) I lpo\Oml-\ dddl-d () 1 ", 

Legend figure 2 In dlI three '>011 '>dffiple,> A 8 dnd C dfter one \\eek. of tredtment there '>eems to 
be no bl(x.:IegraddtlOn After two week.,> of bloremedldtlon both In '>011 trCdted With no hpo,>ome~ 
(A) and In the ~Oll tredted with 0 6'k hpo~ome,> (8) there I'> 60% blOdegraddtlOn the ~oIl tredted 
WIth 0 1% hposomes there IS d 70% reductIOn In the amount of oil (C) After 3 weeks In sample 
(C) there IS no progress In the bOlremedmtlOn compared wIth the pnor week. In sample (8) the 
dffiount reduced IS -75% and m ~oIl (C) the amount reduced IS -80% 

BIO Comparison of the mfluence of varIOus hposome formulatIOns on bacterial 

growth 

In the soIl contamInated In the lab by 10000 ppm crude 011 the number of colony 

10rmIng UnIts (CFU) when treated WIth hposomes IS hIgher dunng most of the e'Cpenment 

compared With the sod treated With no IJposomes (figure 3) The CFU In the soIl treated With 

hposome~ at da" one IS -1 'C 108 compared With - 1'<..107 In the soIl WIth no IJposomes Up tIll day 

7 the amount of CFU In both seem~ to be ~lmIldf -1 5'C 1 Og In the f ollowmg days tIll the end of 

the e\.pcnment the number of CFU In the '>oIl With hpo,>ome~ I'> hIgher then In the '>011 \\-Ith no 

hpo'>ome'> The CFU m the sod \\ Ith hposome~ l~ In ddY 8 -1\ 109 and reduLe~ gmdudlh to 
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-1 \.lOR till the end of the c\.penmcnt d.I) 21 In the soli wIth no IIpo'>omes the CFU m day <:) I'> 

-1 '{ 108 then reduces till day 12 to -1 5\.107 then agam the CFU reach tIll the end of the 

C\.penment -1 \.107 The stJ.ndard deVIatIOn m illl soIl alIquots for the CFU \\-a5 up to ±l\.lOs 

FIg 3 Bactenal grovvth In 
sOlI contamInated by In the 

laboratory by 10000 ppm oIl 

A (Bhp) Treated wIth hposornes 

.. (B) Treated WIth no liposornes 

o 5 10 15 20 25 

Dav 

Legend fIgure 3 In (BlIp) soil treated wIth hposomes the number of CFU In day 1 was -1 '{lO8 
and It mcreases to -1xlO9 nIl day It, then It IS reduced gradually to -1 '{lO8 nil day 21 the end of 
the e'{penment In (B) soIl treated wIth no hposomes at day 1 the number of CFU IS -1xlO7 
then It reaches It'S maximum -1 '{lO8 at day 9, nil day 12 It IS reduced to -1 5x106 then the CFU 
are mcreased up -Ix 1 07 to at the end of the e'{penment day 21 

In the sOlI contammated accIdentally m the field by 17 000 ppm crudc od the results are SImIlar 

to those of the SOlI contJ.mmtcd m the I.Ib (dc')cnbed above) here too the number of CFU IS 

generally higher m the samplcs treated With hpo')omes compMcd With thc samples treated With 

no hpmome,> In Soil '>.Imple,> With 0 6% hpo,>ome~ .Idded thc number of CFU m day 1 was 

- 1,\] 07 It muCJ.Sc') gr.Idu.II1y up to - 1\.109 d.Iy 21 then It dcuCJ...'>e to - I '{ 1 OR(Flg 4) In the SOlI 

\\-1 th 0 I % II posomc~ added the num ber of CFU m d.Iy one ~eem'> to bc "cry hi gh - I \. 107 then 

It IncrCJ...')e~ till d.Iy 6 to - I 5'{] 07 At d.IY 14 the number of CFU I') lower then - 1 '\ lOS then It 

decrea.'>cs to the same number as m day 6 .Ind ml.rCJ.Scs agaIn tIll d.Iy 28 to .Ibm c -1 \.1 08 CFU 

In the ')011 treated WIth no hpo')ome'> the number of CFU at day 1 WJ...'> - 1 5\. 1 On the number of 

CFU mcreases to -1 5\.107 at day 14 It then del.reases to -1 5\.1Q6 and InuCJ.~e') .IgJ.ln to 

-1'\ 1 07 at d.Iv 28 An IncrcasIng number of CFU mOil contammated SOil With added hpo')omc') 

\\-ere shown m many e'{penments With sod contammated With different amounts of oil, both m 

the soIl contamInated "naturally" and m soil contammated In Situ (data not shown) 

12 



Fig 4 B.1t-tcnal growth In 

soIl contaminated b" 
-17000 ppm 011 

10000000000 -,-------, 

1000000000 

100000000 

10000000 

1 000000 -+-~""T""..,..~...,..-t 
o 

Da\ 

(A) No hposomes added 

• (8) Llposomes added 06% 

)I( (C)-Llposome~ added 0 1 % 

LLgLnd figure -I- (A) In soIl wIth no hposomes dddLd the numbu of CFU stMts WIth -1 S'(106 thm It decreases 
by 02S10g at day 3 It Increases to -IS'(107 tIll ddy 1-1- then It decreases to -IS'(106 and Increases agaIn to 
~lxl07 (B) number of CFU In soIl treated WIth 06% hposomes In day lIS -1 '(107 thLn It Increases tIll day 21 
to ~ 1 Sx 1 08 and decreases to ~ 1 '<1 08 at the end of thL expenment (C) numbu of CFU In the soIl With 0 1 % 
hposomes added IS m day 1 as In (B) then It Increases by 0 Slog at day 3 and decreases agam to the same CFU 
as III day 1 at ddy 7 ThL number of CFU mcreases agam to - I Sx 107 at day 14 then It IS decreased to -1'( 107 at 
day 21 and mcreases agaIn to the number of ~ I '<1 08 CFU 

BI0 Characterization of bacterial populations enhanced by hposomes 

SoIl contJ.mIn.1ted with oIl were Illcub.1ted with and Without hpo~ome~ .1nd stirred 

manually every <;ewnd day., for 30 d.1Ys S.1mpic<; were ~trCJ.ked on pl.1tc., for b.1ctenal growth 

J.lld tre.1ted by he\.ane to determine the amount of oIl dcgr.1ded B.1cten.1 were IdentifIed by API 

20 NE J.lld by GC .1n.1ly.,l., of f.1tty .1ud., with .1 HP GC 5890 .1pp.1r.1tu., Some b.1ctena were 

pre~ent In .111 the ~oIl .,ample,> \V1th or without hpo'>ome'> trCltment .1'> .,hown III the table below 

B.1den.1 th.1t .1ppc.1red In all .,011 <;.1mple,> dunng all the C\.pcnment 

Bacteria Method of IdentificatIOn 

Micrococcus /uteu') GC 

Orchrobactrum anthropl GC & API 20E 

Pseudomonas cepaCla API20E 

BacIllus megaterzum GC 

Pseudomonas stutzerz GC 

Alcab/?enes Xy/oso-rydans GC &API 20E 

Nocardza asteroldes GC 

Other b.1den.1 .1ppc..tred In the SOlI when the hposomes were added dunng the whole pcnod of 

the e\.penment a~ shown In the fo!lo\\Ing wblc 
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RKtend that appedred In the hpo~omes treated sOIl 

BacterIa Method of IdentificatIon 

Staphvlococcus hommls GC 

Mlcrococcus krzstlnae GC 

MlcrOCOCcu"i varzans GC 

Alcalzgenes piechaudl GC 

BacIllus lateropoms GC 

FInally, we charactenzed the bactena that grew dunng four weeks of blOremedJatlOn In SOil 

contaminated acCidentally by -17 000 ppm crude oIl both In ahquots treated With 0 1 % 

hposomes and In ahquots treated WIthout hposomes The bactena colorues that where picked for 

charactenzatlon where the prevalent bactenal colorues that had a mlrumlliTI of ten colony on the 

petrn dish In the first three weeks of IncubatIOn all bactena which grew In the SOil Without 

hposomes grew also In the soIl WIth hposomes (9 species) In the soIl treated With hposomes 5 

addItIonal bactena speCIes grew, after four weeks of Incubation In the sod treated WIth 

hposomes another seven bactena species grew In additIon to the other fourteen that appeared In 

the weeks before (total of 21 bactena species) This phenomenon did not occur In the soIl that 

wasn't treated WIth hposomes no additional speCIes where located other th.lD the ones found 

dunng the first three weeks (table 1) 

Table 1 Bacteria species characterized durmg 4 weeks of bloremedlation m sod 
contammated accidentally by 17,000 ppm crude 011, treated With (0 1 %) and 

Without hposomes 

14 

No Bddend Ivkthodof ~ampk~ With no ~ampks with Samples With 
l-h Inll-Knllng hp<)M)mL~ <.Iunng hposomu, dunng hposomt..s on tht.. 

...J. wt..t..k., of 1 wt..t..ks of ...J.th week of 
t..~t..nmlnt t..~l,nmt..nt expenment 

1 MICrOCO((us luteus* GC + + + 
') Ortobactrum anthropi Gc.. & API20NL + + + 
3 Pseudomonas cepacw ~ API20NL + + + 
4 Bacillus megaterum* GC + + + 
5 Psedomonas stutzen* GC + + + 
6 Alcalzgenes xylosoxydans* GC &API20NE + + + 
7 Xantomonas maltophllw* API20NE + + + 
8 Sphman pancimobllis API20NE + + + 
9 Nocardw asteroldes* GC + + + 
10 Staphvlowccus hommls GC - + + 
11 MIcrococcus krzstmae* GC - + + 
12 MlcrococulS v(lrzans* GC - + + 
13 Alcaizgene!J plechaud1i' GC - + + 
14 Bacillus laterosporus G( - + + 
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15 StaphYlococcus epldermldls (Je - -

16 StaphYlococcus COhlnl GC - -
17 Staphylococcus warnen GC - -

18 Bacillus Clrculans* GC - -
19 Corvnebactenum aquatlcum* GC - -
20 Llstera seeilgen GC - -
21 Mlcroccus lylae* GC - -
* Bactena that are mentIOned m the lIterature as capable of degradmg 011 components 

IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER 

The Department of MICrobIOlogy and the Industry m general m Kazakhstan has 

benefIted from up to date methodology m bactenology and from advanced equIpment 

acqUIred through tlus grant In addIlJon PCR technology was Introduced through traInmg 

of a two Kazakh post-graduate student In Israel and by eqUIpment acqUIsItIon 

The collaboratIOn between the two laboratones has enable to accomphsh the 

proposed studIes accordIng to the ongInal plan The Kazakh mvestigators have Isolated 011 

degradIng bactena m Kazakhstan These bactena were charactenzed by clasSICal and 

advanced methodologIes wluch were transferred to the Kazakh sCIenlJsts Our methods m 

bactenal IdenlJfIcalJon of badena were transferred to Kazakhstan and thIS WIll allow to 

conlJnue the IdentIfication of the relevant bactena mvolved In bioremedlatIon The PCR 

methodology acqUIred dunng thiS grant IS now aVatlable In Kazakhstan 

ThiS grant allowed the establIshment of E-Mail which has changed drdlTI<.ltIC..tlly the 

pO~'>Ibllltles of the K..v.akh SCient!'> to commumcate With the world A PCR m<.lChllle (MJ 

re~earch) mlCfoplpcttcs (Glbon) With tIpS were purch~cd by the K.v..<.lkh sClenll'>t'> <.llld 

Will <.lllmv the u'>e of PCR for pOpUI<.ltlOn ~tudy of b<.lCtefl<.l.. 

Spccific b<.lt-tena wcre lound to be enh<.lnt-cd by the pre~ent-c 01 II pO'>omc~ Mo'>t of 

the b<.ldcn<.l ennched dunng tre<.ltment 01 contamIn<.lted '>011 belongcd to gener<.llillown to be 

<.lblc to usc 011 & <.l sourcc of energy Thesc bat-ten a with thc hpo~ome,> studlcd dunng thiS 

grant could be <.l new bm,l~ for effiCient blOremedl<.ltJon of '>oIl contammated by 011 In 

KdZalhstan <.lnd elsewherc In the world 

In conclUSIOn, the technology illld the research generated by thl'> grant will enable 

further development In the study of blOremedratlOn m Kazakhstan 

PROJECT PRODUCTIVITY 

The collaboration between the two laboratones has enable to accomphsh the proposed studlcs 

accordmg to the ongmal plan The Kazakh mvestlgators brought their expertise m Isolatmg 

numerous new 011 degradIng mlcroorgarusms which were charactenzed With the e\.pertlse of the 

IsraelI mvestlg<.ltors The bactena Isolated m Ka.wk.hstan are bemg tested In a new system for 

their Increased <.lblht} to degrade 011 In the pre~cnt-e and In the absence of hposomes ThiS m<.l\ 

re~ult In the de~t-nptlon and use of new 011 degr<.ldIng b<.lctena which mIght contnbute to the 

Imprm ement of bloremedlatlOn 01 <..ont<.lmm<.lted 50115 WIth OIl 
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FUTURE WORK 

To Imprme the blOremedmtIon In future e'<penments, dIfferent cOmbInatIOns and amounts of 

bactena should be tested In addillon, we found that the mmImal medIUm used by us and 

defmed by our colleagues m Kazakhstan contams a hIgh amount of salt, especIally NaCI (20g/l) 

New tests on growth and blOremedratIOn were done usmg a mmImai medIUm WIth only 5g/1 of 

NaCI The data showed that m fact most of the strams were not able to degrade oIl but were 

good emulSIfIers Indeed m Kazhakhstan our colleagues confIrmed our findIng It IS clear no\\

for them that the strams # 27, 31 10 are only emulSIfIers and do not show a SIgnIfIcant 

petroleum degradatIon actIvity They suppose, that dunng the growth on the petroleum and 

usmg a petroleum hydrocarbons as a source of C and energy these strams can produce a 

hydrocarbons of dIfferent chemIcal structure and/or molecular weIghts ThIS can be a cause 

why, we can not see a SIgnIficant OIl' fraCllon removal from the soli samples m the expenments 

As for the growth of the strams 27 31 on the petroleum m lIqUId culture, They thmk, that these 

bactena do attach tIghtly to the oIl drops dunng the growth and are not easIly countable by 

common methods ConsIdenng that fIrst, these strams are emulSIfiers and second, that the 

petroleum emulSIficatIon faCIlItate other bactena to degrade petroleum mIxture, they suggest, 

contInumg usmg the bactena 27, 31 10 m the bioremedratIon expenments and try a combmallon 

WIth other strams even WIth Pseudomonas putzda and see how they can faCIlItate soIl 

bioremedration In Kazakhstan, our colleagues are now lookmg for addItIonal straInS whtch wIll 

be selected usmg a modIfied mmimal mcdIUm as descnbed above For contmumg of the work 

WIth the mentIOned strams It WIll be necessary to perform a gas-L.hromatography anillysI<; of the 

petroleum after their growth to IdentIfy WhICh 011 fradIOn they .1re USIng dOd whlL.h emul<;lflCrs 

they do produL.e m order to Identify theIr emulSIficatIon actIvity PrepdfatIon for field tnill In 

KaJna<;tan whIch could not be achIcved In the tIme a1loulted to thl<; proJcct should be con~ldcrcd 

d.S .1 future proJed and the potentIal sourccs of fInanCing <;uch .1 proJcd <;hould bc looked .1t 

COLLABORATION, TRA VEL TRAINING AND PUBLICATIONS 

As planned our collaborators m Kazakhstan have Isol.1tcd 011 dcgradmg b.1Ltcn.1 dnd 

have brought them In Israel We managed to obtam VISas for two post doctoral students from the 

Kazak..h State UnIversity Theyanwed In Apnl 1994 In Israel dIld worked for a full year .1t thc 

Hebrew UnIversity (March 1995) They left with eqUIpment (PCR) and matenals (pnmer'> 

enzymes medra vanous reagents) WhICh allow them to conllnue the work. In Kazakhstan The 

Kazakh pnncipal InVestIgators Professors Berslmbaev and Shigaeva VISited Israel to dISCUSS the 

progress achIeved dunng the first year and to assess the tramIng of theIr students 

Two post doctoral Kazakh students were traIned m our laboratory for a full year on 

sCIentIfic lIterature research (use of computenzed lIbrary, Medlme etc ), on bactenology 

(methods of IdentIfIcatIon) and on molecular bIOlogy for the PCR studies 

Professor M Shlgaeva and Professor R I Berslmbcv from the Kazak.h State UnIversity 

vIsIted our Idboratory m br.1el by thc end of Augu~t 1994 They \\-ere Impressed by our laL.IhtIe~ 

(hbrdl) Xero'. SUenlifIL. eqUIpment etc ) Dunng their '>Wy \\e managed to prmide them 
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the ~<.!entIfIL p..lper'i they needed The) v.ere ..lble to discuss ,.lnd ~ee the progres') of their two 

students They requested to extend the trammg penod of their students m our laboratory for an 

additional Sl\. months to allow them to get more traIrung They even asked about the possibility 

tor their students to do their Ph D at the Hebrew UnIversity We agreed to extend the stay of 

the students untIl March 1995, but \\ e could not, for finanCial and technICal reasons (Language 

Ph D reqUIrement at Hebrew UnIVerSIty) commit ourselves to tutor these students for a Ph D 

at the Hebrew UnIVersIty, however, we agreed to be mvolved m theIr future research m 

Kazakhstan 

Strengthenmg of developmg country mstItutlOns ThIS has been achIeved In 

two levels 

A) Trammg of two Ph D students from Kazakh State UnIVerSIty m up to date bactenology and 

molecular bIOlogy 

B) IntroductIOn of PCR technology done by usmg mstruments bought through thiS grant and 

whIch were taken to Kazakh State UnIVerSIty at the end of the traIrung penod 

LITERA TORE CITED 
Aifoidl L 1991 Hydrogeologic consideration for m SitU bIOremedtatIon In SItu BlOreclamatlOn 
(Hmchee R E & Olfenbuttel R F eds) Butterworth-Hememann Massachusctts USA t a 

pp t 33-50 
Alexander M 1%1 Introduction to SOli mIcrobIOlogy John wIley & sons, mc New York 
USA chap 14 pp 227-247 
Amencan SocIety for Microbiology 1995 PublIc commUnIcation (Washmgton D C Nov 7) 
(http //www asmusa org) 
Amselem, S Gablzon A & Barenholz, Y 1993 A large-sc..1le methoo for the prepdIatIOn of 
stenle and nonpyrogeruc hposomal formulatIons of defmed SlEe dlstnbutlons for clImcal use In 
"Llposome Technology", 2nd EditIon, Vol I, Llpo~omc PrepMauon and Related Tel.hmque~ 
(Gregonadls G cd) CRC Press Boca Raton, FL pp 501-525 
Ashok B T Sax.cna S & Musarrat J 1995 IsolatIOn and ch..lfactcnJ'.atlOn of four pol)l.)dK 
..lfomatlc hydro<-arbon degradatmg bactcna from soil nCdr an Oil refinery Lett Appl Mlcroblo\ 
21 246-248 
Atla..'> R M 1981 MICrobIal degradatIOn of petroleum hydrowrbons an em Ironmental 
perspective MlCroblol Rev 45 180-209 
Atlas R M 1991 Bloremedmtlon of fossIl fuel contammated SOIls In Situ Bloredamatlon 
(Hmchec R E & Olfenbuttel R F eds) Butterworth-Hememann Massal.hu~eLt'> USA 
pp 14-32 
Atl~ R M & Bartha R 1993 Mlcrobml Ecology BenJamm/Cummmgs Pubhshmg Company 
Inc CalIfornIa USA chap 13 pp 383-416 chap 6 pp 131-162 
Beaman B L & Beaman L 1994 NocardIa specIes host-parasIte relatlon')hIps ClIn 
MicroblOl Rev 7 213-216 
Barenholz, Y & Crommelm D J A 1994 Liposomes as phannaceutical dosage forms 
Encyclopedia of Pharmaceutical Technology (Swarbnck, J and Boylan, J C , eds), Marcel 
Dekker, New York USA, 9 pp 1-39 
Barenschee E R, Bochem P, Helmlmg 0 & Weppen P 1991 EffectIveness and kmetIcs of 
hydrogen pero"\lde and rutrate enhanced blooegradatIOn of hydrocarbons In SItu BlOrecIamatlOn 
(Hmchee R E & Olfenbuttel R F, eds) Butterworth-Hememann Massachusetts USA 
pp 103-124 
Brauner S J & KIlImgstad M 19% In '>Itu blOremedtatIOn of petroleum aromatic 
hydrocarbons Groundwater PollutIOn Pnmer (http //www ce vt edu 80/envIro!gwpnmer 
Ibte"bIo html) 
CaneVarI G P 1976 011 collectIOn agents and theIr use contammg Oil slIcks U S patent 
3959 134 

17 



• 

Chapelle F H 1997 BlOremedmtlOn nature s \\-:1\ to a deaner environment U S GeologK..l.l 
Survey Fact ~heet FS-054-95 (http //y"ater usgs gov/public/wid IhtmllblOremed htmll» 
Chapman P J Shelton M, Gnfoll M Sclifonov S 1995 Fossil fuel bIOdegradation 
laboratory studies Envlro Health Prosp 103 sup 79-83 
Chosson P Lanau C, Connan J & Dessort D 1991 BIOdegradatIOn of refractory 
hydrocarbon bIOmarkers from petroleum under laboratory conditIOns Nature 351 640-641 
Chnstansen J S & Elton J 1996 Soil and groundwater pollutIOn from BTEX Groundy"ater 
PollutIon Pnmer (http //www ce vt edu 8O/envlro/gwpnmer/btex html) 
Dupont R R 1994 BlOremedmtlOn of fuel-contammated soils Aquanus 23 
(http 11129 123 9 l00/aqmay94 html) 
Gatt S Bercovler H & Barenholz Y 1991 Use of hposomes for combatmg oil spills and theIr 
potential application to bioreciamatIon On SIte BlOrecIamatIon 
(Hmchee R E & Olfebuttel R F, eds) Butterworth-Hemmann Massachusetts USA pp 
293-312 
Glazer A N & Nikrudo H 1995 Microbial Biotechnology by W H Freeman and Company 
New York USA chap 15 pp 561-620 
Gransden W R & Eykyn S J 1992 Seven cases of bactermla due to Ochrobactenum 
anthropl ClIn Inf DIS 15 1068-1-69 
Gnmberg S J , Stnngfellow W T & AItken M D 1996 QuantificatIOn of the bIOdegradatIOn 
of phenanthrene by Pseudomonad stutzen P16 m the presence of nomomc surfactants Appl 
EnViron MICroblOl 62 2387-2392 
Haran, G , Cohen, R , Bar, L K and Barenholz, Y 1993 Transmembrane ammoruum sulfate 
gradIents In hposomes produce effICIent and stable entrapment of amplupathic weak bases 
BlOchem BlOphys Acta 1151 201-215 
Harnoy G N , Gatt S & Barenholz Y 1989 "Enhanced 011 recovery" Umted States Patent 
4811 791, 
Herman D C Fedorak PM, Mackmnon M D & Costerton J W 1994 BiodegradatIOn of 
naphthemc aCids by mlcrobal populatIons mdIgenous to 011 sand taIlmgs Can J MICroblO1 40 
467-477 
HICks R J Stotkzy G & Van Vons P 1990 ReView and evaluatIOn of the effects of 
xenoblotIc chemicals on microorgamsms m SOil Adv Appl MlcroblOl 35 195-253 
HulIng S G & Bledsoe B E 1991 The fcasabllty of utIhlIng hydrogen pero\.lde a') a ')ource 
of oxygen m blOremedmtlon In Situ BlorecIamatlon (Hmchee R E & Olfenbuttcl R F ed~) 
Butterworth-Hememann M..l.ssachusetts USA pp 83-102 
Iqb..l.l S Khalld Z M & Malik K A 1995 Enh..tnccd biodegradatIon and cmul'>lfK..l.tIon of 
crude 011 and hypcrproductlOn of blO~urf..l.ctan~ by g..l.mm..l. ray mduced mut..tnt of P')cudomonas 
..l.erugInosa Lett Appl MICroblO1 21 176-179 
KnJ.ebcl D B & Crawford R L 1995 E'\tr..l.ctlon and punficatlOn of mlLrobl..l.1 DNA from 
petroleum contammated salls and detectIOn of low number of toluene ocWnc and pc'>tlude 
degraders by multiplex polymerase cham rcactIOn ..l.nd southern ..tnalysl5 Mol Ewl 4 579-591 
Kobayashi T Kurane R Nakajima K, N..l.kamura Y Kmmura K & U')aml S 1995 
IsolatIOn of bactena degradIng carbazole under mlcroaeroblc conditions 1 e mtrogen gas 
~ubstItuted condItIons Biosci BIOtechnol Blochem 59 932-933 
LaI B & Khanna S 1996 DegradatIOn of crude 011 by Aunetobacter calwacetILu') ..tnd 
Alcaligenes Odorans J Appl Bactenol 81 355-362 
Lalli C & Russell M 1996 SoIl and water blOremedmtlOn usmg bloreactors Ground\\ater 
PollutIOn Pnmer (http //www ce vt edu 80/envlro/gwpnmer/bIOr html) 
LasiC D D & Barenholz Y 1996 Llposomes past, present and future Handbook. of 
NonmedIcal ApplIcatIon of Liposomes (Barenholz Y & LasiC D , eds ), CRC press New York 
USA 4 pp 299-315 
Lawne G A, SchneIder P B, Battersby B J Barnes G T & Cammenga H K 1996 
Spreadmg properties of dimynstoyl phosphatIdy1cholme at aIr/water mterface Chern Phys 
LIPIds 79 1-8 -
Leahy J G & Colwell R R 1990 Microbml degradation of hydrocarbons m the environment 
MICroblO1 Rev 54 305-315 
Lebkow~ka M KdfWowska E & Mlask.IewlLL E 1995 Isol.1tlon..tnd IdentIfIL..l.tlon of b..l.cten..l. 
from petroleum denvatIves conwmmJ.ted soIl Ad..l.. Microbial Pol 44 297-303 
Lmdstrom J E Pnnce R C Clark J C Gros!'>man M J Ye..l.ger T R BraddoLk. J F & 

18 



.. 

Bro\\ n E J 1991 MlLroblal populatIOn d.I1d hydrocarbon bIOdegradatIOn potentlal~ m fertlhLed 
shorelme dffected by the TN E\.\.on VdldeL 011 spIll Appl Emlron MlcroblOl 57 2514-
2522 
Lmle) DR, Wood\\ard J C & chapelle F H 1994 StImulated ano\.lC bIOdegradatIOn of 
aromatIc hydrocarbons USIng Fe(IJI) lIgands Nature 370 128-131 
Marsh G M EnterlIne P E & MacCraw D 1991 Mortahty patterns among petroleum 
refInery and chemIcals plant work.ers Am J Ind Med 19 29-42 
MartIn, A 1993 PhYSIcal Pharmacy 4th ed , Lea and Febiger, PhIladelphIa 
MIller R M, JImenez I Y & Bartha R 1996 The use of IIposomes In bIodegradabIlIty testmg 
Handbook. of NonmedIcal ApplIcatIOn of Liposomes (Barenholz Y & LasiC D, eds), CRC 
press New York USA 4 pp 255-269 
Moore C & Norton R 1995 Corynbactenum aquatlcum septIaemia In neutropemc patlent J 
Clm Pathol 48 971-972 
Navon-Venezia S, Zosim Z, GottlIeb A Legmann R Carmeh S Ron E Z & Rosenberg 
E 1995 Alasan, a ne\\- biomulsifler from Acmetobaeter radlOresistens AppI Em Iron 
MIcrobIOl 61 3240-3244 
NataraJan M R, Lu Z & Ond P 1994 Clonmg and expressIOn of pathway for benLene and 
toluene from BaCIllus StcarothermophIIus BIOdegradatIOn 5 77-82 
Nesterenko 0 A Kasumova SA, K\ asmk.ov E & Shk.aruba V V 1976 Chemow\.onomlL 
charactenstIcs of bactena belongmg to the genu,> NocardIa Isolated from Uk.ramlan SSR '>0Il'> 

Mllaobiologna 45 831-838 
Nesterenk.o 0 A, Kasumm d S A & K, d~mk.ov E 1978 MlcroorgamsIm~ of the genu,> 
Nocardia and the 44rhodo{,hrou~" group In the soIls of the Uk.nullIan SSR Mlk.robloIoglla 47 
866-870 
Overman T L, Kessler J F & Se..tbolt J P 1985 Companson of API 20NE API RapID E 
and API RapiD NFT for IdcntIfiCdtlOn of members of the famIly Vlbnonaccae J ClIn 
MIcrobIOI 22 778-781 
Pamham M J, GhycLY M & Wendel A 19% Em IronmcnW effects of phospholIpIds used m 
hposomes relevance and safety Handbook. of NonmedIcal ApplIcatIon of Llposomes 
(Barenholz Y & LasiC D ,eds), CRC press New York USA 3 pp 81-94 
Peel M M, HIbberd A J, Kmg B M & WIllIamson H 0 1988 AlcalIgenes plechaudll from 
chromc ear dIscharge J Clm MicrobIOl 26 1580-1581 
Porta A 1991 A reVIew of European blOreelamatlOn practIce In SItu BIOreclamatlOn (Hmchee 
R E & Olfebuttel R F, eds), Butterworth-Hemmann Massachusetts USA pp 1-13 
Radwan S S, Sorkhoh N A, Fardoun F & AI-Hasen R H 1995 SoIl management 
enhancmg hydrocarbon bIOdegradatIOn m the polluted KuwrutI desert. AppI MicrobIOI 
Blotechnol 44 265-270 
Relsfeld A, Rosenberg E & Outmck. D 1972 MICrobIal degradatIOn of crude OIl factors 
affectmg the dIsperSIon m sea water by mIxed and pure cultures Appl MIcrobIOI 24 363-368 
RIchardson T 1995 AlternatIve treatment for PAH and PCP Tech Trends 
November (http //elu-m com/trends 1 htm) 
Rosenberg E, Legman R, Kushmaro A, Adler H & Ron E Z 1996 OIl bloremedIatlOn 
usmg msoluble mtrogen source J Blotechnol 51 273-278 
Rosenberg E, Perry A ,Glbson D T & Outmck. D L 1979 EmulSIfIer Arthobacter RAO-l 
specIfICIty of hydrocarbon substrate Appl EnVIron MICroblO1 37 402-408 
Rosenberg E & Ron E Z 1997 Bloemulsans mIcrobial polymenc emulSIfIers CUIT Opm 
BIOteehnol 8 313-316 
Rosenberg E, Zuckerberg A ,RubmoVlts C & Gutmck D L 1979 EmulsifICr of Arthobacter 
RAO-1 IsolatIOn and emulslfymg propertIes Appl EnVIron MIcrobIOI 37 402-408 
Rouse J D, SabatmI D A, Brown E & Harwell J H 1996 EvaluatIOn of ethoxylated 
alkylsulfate surfactants for use m subsurface remedIatIOn Water and EnVIronment Research 68 
162-168 
Rueter P, Rabus R WIlk.Is H Aeek.ersberg F Ramey F A Jannasch H W & WlddeI F 
1994 AnaerobIC 0\,1 datI on of hydrocarbons m crude OIl by new types of sulphate reducmg 
bactena Nature 372 455-458 
Rusansk.) S AVIgad R, Mlchaeh S & Gutmck. 0 L 1987 1m olvment of a plasmId m 
growth on and dIsperSIon of crude 011 by Acmetobacter calcO<.lcehcus RA57 AppI Em Iron 
MICrobIOl 53 1918-1923 

19 



• > 

Sa) les G 1996 PnncIples and practIce for bIO\ entIng nem a\ aIldble BIOrcmedIdtIOn In the 
fIeld 13 (http / /v. v. w cpa gov /ncepIhom/Catalog/EPA540N95500 htm!) 
Skmner J H OndIch G G & Baugh T L 1991 U S EPA bIOremedtatIOn research 
program On SIte BIOreclamatIOn Edited by (Hmchee R E & 01 febuttel R F, eds) 
Butterworth-Hemmann Massachusetts USA pp 1-15 
Sorkhoh N A , AI-Hasen R H Khanafer M & Radwan S S 1995 EstablIshment of oIl 
degradmg bactena asSOCIated WIth Cyanobactena In OIl polluted soIl Journal of Appl Bactenol 
78 194-199 
Souhami L, Feld R, Tuffnel P G & Feller T 1979 MIcrococcus luteus pneumoma a case 
report and reVIew of the lItrature Med PedIatr Oncol 7 309-314 
StaIner R Y Ingraham J L WheelIs M L & Pamter P R 1986 The microbIal world 
PrentIce Hall, New Jersey USA Fith ed chap 2 pp 17-42 
Stnngfellow W T & AItken M D 1994 ComparatIve phYSIology of phenetrene degradatIOn 
by two diSSImIlar pseudomonas Isolated from creosote-contammated soIl Can J MIcrobIOI 40 
432-438 
Toccalmo P L , Johnson R L & Boone DR 1993 NItrogen lImItatIOn and Nitrogen fI\.atIOn 
dunng Alkane bIOdegradatIon In a sandy soIl App Em-non MlcrobIOI 59 2977-2983 
Tsal S P Dowd C M, Cowles S R & Ross C E 1991 MorbIdIty patterns among 
employees at a petroleum refmery J Oc-c-up Med 33 1076-1080 
U S EnVironmental ProtectIOn Agency 1993 BIOremcdIatIon mnovatne pollutIOn treatment 
technology EPA 640-K-93-002 (http /Iwwv. epa gov/ncepIhom/Cawlog 
IEPA640K93002 html) 
U S enVIronmental ProtecllOn Agcnc-y 1996 A utl/cn s gUIde to bIOrcmedlatlon Technology 
fact sheet EPA 542-F-96-007 (http I/www epa gov/nceplhom/Catdlog /EPA542F96007 htm!) 
van Gelderen de Komald A Runco dc Llborda R & SdlIm R 1987 Natural occurrence of 
Nocarrua 10 soIl of Tucuman phySIOlogical chJ.fadcn<;tICs Mycopathologla 99 15-19 
Venosa A D 1995 DclawJ.fe oIl spIll blOremedJalIon In the field ~tudy Tech trends August 
(http /Iclu-m com/trends 1 htm) 
Wallace P L, HollIs 0 G, Weaver R E & Moss C W 1988 Cellular fatty dCId composItion 
of Kmgella specIeS CardlObactenum hom lOIS and Eikenella corrodens J ClIn MicrobIOl 26 
1592-1594 
Wallace P L, HollIS D G, Weaver R E & Moss C W 1989 Charactenzation of CDC 
group DF-3 by cellular fatty aCId analysIs J ClIn MICroblO1 27 735-737 
Walasaka Y & KOIZUITU K 1982 An ennchment procedure for mInor BacIIIus populatIOns J 
AntIbIOt 35 450-457 
Watanabe K & Hmo S 1996 IdentIficatIon of functIOnal Important populatIon m phenol
rugestmg actIvated sludge WIth antisera raIsed agrunst Isolated bactenal strams Appl EnVIron 
MICrobIOI 62 3901-3904 
Welssenfels W D, KIewer H J & Langhoff J 1992 Absorbtlon of polycyclIc aromatic 
hydrocarbons (PAHs) by soIl partIca1s mfluence blodegradabrhty and blOtoXlCIty Appl 
MICrobiOl BIOtechnol 36 689-696 

20 


