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ABSTRACT 

A tota[ of 24 microorganisms lM'.re iso[atee{ from ,taste au 

contaminated soi[ of tftree allton~'cfWt1ic 1\Or~sftOI's ir! Mit11lo. 

Out of this nUt/bel', oacteria[ iso[attcs constituted 54.16%, 

fwtga[ iso[ates \ms 41.68% ane{ tmidentified spcocie.s .ms 

-1-.16%. T"o of tfte bacteria[ iso[ates (B102B & B104B) cou[e{ 

not utiCi::.e cHlde au (Lago1tu fight) at 0.1% concentration 

itt M:;L1'.[, ,lhUe the rest utiCi::ed the oU poorCy at the sane 

concentration. AU the iso[ated hmgi utiCi::ed the cniLie oi[ 

efficientfy, eXCtcpt at higfter concentration (5%) ,Ihich 

irthi6ited gro\tth. The fttnga[ iso(ates fwd opti1twtl gro\~th at 

0.5% conee.ntration of crude oU in ?vGLM and \\(1.S afso 

obstcrvt;d that the optimwl incubation period ,tas 21 days. 

Their gro,tth on crude aU, comp[ex fULtriettts and g[ucose \\QS 

sirniCar except for the fag phase 'Iftich 1ms different for 

eaCrl of the substrates. In 1\GL1\f, the fungi Here O-Ofte to use 

the crude oU as cO-)'60n ewf{ e.tt.ergy source, tht'-ir groHtf1. 

De. i rig a[ no s t s a tt~ l~i t h O-rul 'it t FtOut ?\,i t rogen source 

SLLpp[tcttcnt itl cnLde oi[ incorpontted irtto l\EL\f. The f tLrt51 a [ 

isofates preferred acidic pH for Lagonu Ugftt cnLde au 

ut i [i::.at iott \it th lItLxi rtll.ltt at pH 5.0. The optitturn cOltdition 

o 
of temperature ,to-S O-t 28 ± 1 C for cnLde oi f ut i [i::at ion 6y 

the ftmga( iso[ates. Iso [ at ed f tL.ng i t httt de51 r l1.ded c nLde 

oU a[so had the cO-pabUity of u.tifi::ing refiner), eff{uera 

and other petro [etlltL COtllI.lOnertts - gaso[ir1.e, kerosine, diese[ 

O-IlLi e rtg i ne 0 i [ . HOHcver, cnLde oi [,\as utiC ized nore 



efficierttfy tha.rt eff[uent a.tUi other petro[e.um cott:ponertts. 

In view of their aoUity to utiCi:::e crude oU as ca.r601t mw 

E'rtE',gy source, these microo,gn.nisms Hny 6e used Ht 



Cii.-\PTLR O\L 

The de-tml1d for petroLeum hCLs been on the increctse not 

oldy as an eHergy source, but CL{SO as raw truteria{ in 

chemica{ indlLstries for production of phCLr~uceutica[s, 

agricu.[tura[ cheltu.ca(s and feeds, p{astics, costtl.:tics, 

deterge_nts, ji6n'.s and other po[yncrs (i(:e rubricating 

agents, stabUising agents [GutnicR. and Resenberg, 1977]. 

Tne .. 'proportiona( increase itt tne production, refining atu{ 

distri6ution of the'. petro(e_tWL in order to fu(fiC the on

going dellllrhl has brought an e:ver-incncasittg pr06(em of 

en",! rorwcnta { po({ ut ion. :\ccording to Bartha [1986 L .. tOr Cd 

wi. de , over 2 6i({ion JtE'trLc tons per CLlLtLUm (mud of 

petro[eum are produced, and it (ws 6ent t:stirruted that 1. 7 -

8.S mtCL. i.e. 0.08 - 0.4% of tlie 1wrCd productiott ettd ll..P 

po {{ ut i tig the ocearLS. No cot/parae{e estitmtes hac'€. been. 

,wrked OILt for terrestriaC petro[ewn hydt'ocar[,on (PfK::) 

po[(ution 6u.t cOll-siaering that the greater part of 1-1etro[ewit 

is produced, refitH'.d and utiCi::.e..cL on {arid, the resuCting 

routine, acc1.aenta( and i{{cgCL{ disc.harges an: [ifze{y to 

equaL if 110t exceed tht:~ figure. citea for the rlnrine 

e r' .. \'i rorw-.:-nt . Both in the nllrine attd the terrestria{ 

ert\'irorLrtCrtts, the {ow [ever rOlLtine C£isdial'gcs (eff[tH~ttts, 

UrVtl.ti nUt off, c{earti.ng operatiOtLS, OL{ treatncnts of roads 

for dlLSt c.ontro[, etc) aCc.OtLtH for probabLy O'veT 90% of the 

1 



toted PIlC poe [ut iolt. Production and transportation 

piperine breaRs account for one), 5-10% of the tota( PHC 

discharge, but oeCatLSe of their drastic and higHy visio{e 

[oea[ effects, press COVCHI9f', tUtti ptL6{ic Gttenti,Ott lS 

fOCtLssed disproportiona({y Ort these type,s of incidertts. 

As po{[utattts, PHC oecupyaTl ir1-tel'ttediate positiort 

highCy 6iodegradaoCe, 6 iog ertic arm higft[y 

reca[citrallt, xen06iotic substances. TholLgh, biogenic in 

origin, PIK:s have been a(tered grl,-at[y by geochemica{ 

processes and often a[so 6y refitting. For mi[[ions of 

years, PHCs entered the biosphere on[y in a {ocaCised atui 

rather gradlLa{ ftCumer due to nattiraC seeps and erosiort. The 

restdting sporadic exposures aC[o.\ed for the e\'o[ution of 

SOlfC hydrocarbons 6 iodegradat ion path\w-ys, 6tH g [06a{{y PHCs 

e,x:erted (itt{e se[ective pressurl'- tmti[ the 20th century 

Hhe.tt nan's L1ctivities radica[{y iitcreased the e.xposure of 

the 6iosphe,re to PIK:s. Hl,-nce, tF1e re,t!O\'a( of the petro[euTtt 

attd its IJroatte t s t hat are ace idetH L1[[ Y 0 r dd i be ra t eC y 

spi{{ed into the ett\'irOlwEnt 612 co ttl: of great itliportance. 

The dC\·,,~{op,-,d (,ountries, [iRe U,)A recogttised the dctltger's tlrui 

had stL6squt'-llt{y ta,ken a ntwve,r of trcasures as earey as 1920s 

to reduce the pr06{ ems [Eal'tna and Bossert, 1984]. 

Ill. ~'igeria, oU is produced ttDSt{y in eastern part, so 

tlllSS ive tmvettCitt of 0 i ( occurs fo r ref ining arId conStLrtqJt iort 

purpose throughout the COtHlt ry. A(so another fact is that 

it is not the najor oU COttStLtlCr, though it is One of the 



tlUjor aU producing cotltttries. OU exportntiOlt invo[ves 

heavy tro.ltsportations of oif from refineries to ports. 

Hen,ce, then~ fll1\'e been f requccrtt repor ts of oi [ spi ([ ages 

i tl\'O (vi Hg b( 0 ~\OtLt S , artd {eakctg es from pipes and a if viC [[ s 

ilttO the etn'ironmznt, siltce aU production bega.n ir. 1953 

[06in:, 1990 aHd O]oke, 1992]. Other spi[[ages com~ from 

accider.ts irtyo[vittg oU tankers, oU prospecting, as ,te[[ as 

dischal'ge and ,;"ash ;1.!tters from the tartkers. Considerittg the 

adverse effect of the po({utiort Ort the ertv i rOttttEr.t 

the.refore, scierttists iTt different parts of the country an: 

now COllcetttratirtg on studies of different st1-ita6[e oU 

disposa( m"thods. 

1.1 KATURE Of CRL1D.E OIL A\TI REFIl\ERY EFFU1L\.1 

Crude oU is 0. rtatura{{y oCC-1.!.ring aHd cxtrent-:{y comp[t:,\: 

mixture of hydrocG.r60lts induding SftuU qucmtities of 

cottipounds that contain oxygert (Pheno(, naphthartic acid), 

suffur (cdfzy(thio{, thiophe,tte) {2nd 1titrogen ( Py l' i d i ite , 

Pyro[e, Indo{e.) , as ;v,'.U as trace amJUttts of ttl:'ta({ic 

cottsti tlLer!.ts [GlItttiCK and Rosen6erg, 1977 arta Bllrtfw, 1936). 

Its c.omp{ete reso(ution is 'very ult(iRe[y to [;e ever achieved 

beCatlSe of the trem:ndous ruwiier of isom,:ric stnLcttLn:s ,tith 

simi(ar physicaC artd d1efl!icaf propertie.s c:specia[(y irt the 

higher 60iling fractions of petro(eum [Bartha, 193G]. 

GutnicK and Ros eli6erg [1977] repor tl~d f rac t i onat i on of crude 

oU \tith respect to t/o[ecu(ar si::e (6y 

po(arity (6y adsorption c!1.rorrutograp!1.y). 

3 
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VistiUation gave fractions containill.g a mixture of 

-
compounds of 5 imiC ar It()[ ecu[ al' W2.ights, but represent ing 

a[[ dasses of hy({rocar60ns. They irldude gaso[ilH'., 

kerosine, gas , ( 
01., , [uvricant aHd residue (Tab[e 1). Us i tty 

sifica gd chrortl1tography, the crudt'. oU ga\'e aspftaCtic or 

po[ar, sattlrate or a(ipFtatic and a.rotmtic h),drocarfJoH 

fractions. PHC within. the satu.rate fraction. ha:\'e n-a{kattes, 

6ranched a{kanes and cyc{oa[kattes (nal.1htnartes) , AU:.enes 

(ttltsaturatt:d (tHa[ogs of a.£kanes) are rare itt crude petro[etwt 

blH occlLr in mm)' refined petro{elLttl products as a 

cons eqtLenCt'. of 'cracking' proce.ss. Increasing carvott 

rtum0ers of aClZane.s (horto[oyy),,'ariations itt car60tt chain 

branching (Iso-aClZtlltes), ring condensatiotts, and Interc[ass 

cottuination (e.g. phyrty[a[lZanes) accOurtt for the enOrtttHLS 

nutttiel's of hydrocarvotts that oce.ur i1t crude !Jetro[euttl 

[Bartha., 1986]. 

Ta6{e 1- Fractionation of crude oU 6)' disti{[ntion. 

Fraction BoiCing range (;fa) VoCuttl:'. (;fa) C-atom 

1. Gaso{ ine 40 - 180 30.5 5 - 10 

') }(erosine ISO - 230 q-
~,:l 10 - 13 

3. Gas oU 230 300 1-+.5 12 1 --'-, 

4. LtL6ricatlt 300 - 400 17.5 1;- - ') -
_0 

5. Res iatLe > 400 ')-
_:l >24-

GlLtrLick t1nd Resett6erg, 19;-;-. 
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Refinery effCuents vary tn COtlWOsition am concentrations. Tliey 

contain o1'ganic and inorganic nntter, lieavy tteta(s, and su(pFtides. 

Compounds fike pyridine, tliio[s artd plieno[s are a[so fourtd. Sotte nny 

COr1ta ill f {oat iug alld cnu{ s if ied liydrocarbons, pliospliates used ill sofu,-ning 

.\.Uter, and cliCorinate_d liydrocarbon yetterated in tlie refining operations, and 

sCudge [Bartha, 1986 (tao[e 2). 

Tn6{e 2. COttq.Josition of refine.ry eff[llen1. 

Part ie[ es i\can corLcentrat ion (nt.ll{) 

1. StJ.sIJemed soCid 350 

') Su{pliides -. 8.S 

3. PhettO C s 

4. Oi{ 

5. AmmJnia nitrogen 

6. Pliospha.te 49 

i. Cli rami tWl 0.5 

8. CHorides 310 

9. Ca{ ciwtt carbonate 180 

i\1:kinney, 1963. 

Tab{e 2. COtlWOsition of refinery eff(uertt. 

1.2 IivPAC-:TS OF OIL POLUITla.: 

au po{{tLtion presf.rtts a serious pro6{em, ami the 

toxicity of crude artd refined oUS Ot1 tFte ettvirOrttt£l1t 

htwnn, {ivestocf{, ''vi[d[ife, crop, soU ami microorganisms 

liave been '.\)2([ doctwEtttec{ [Co{;,w{[ artd il1l{ker, 197'2; Rayttrmd 

et a{. 1976; At{as et tlC. 1978; htmtd and 19iri, 1990; 
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O;oke, 1992 and Antai and ?>t/60tfo, 1993]. The poe [utants 

5011£ of wljch an.', toxic cowponertts eventua[ [y get to the 

p[ants and anittu[s via food chain ,Ji.en they enter into 

source 5 cof W1 t C r ([ti{i so i ( . III soU, cHi oif spi{[ hUes 

the her6aceoll_s vege_tation of the affected al'ea in9'tcdiatdy. 

Trees and .wody shntos an'. destroyed nore sColt.{y via the.ir 

root system. The 1wcfwHism is in part contact toxicity to 

fine roots aHd root hairs, and a[so the effect of the anoxic 

condi t ions that devef op in oj{ ed suosoif [Bn_rtha, 1986] . 

Biodegradat iort activity deprives p[ant roots of vitae 

oxygen. In aquatic eltvirottrtt::nt, aU spi[[ spreads over the 

stlrface of 'Hater forming '0 if -s rick'. The s Cick prevents the 

passagc'- of oxygen as ,\£[ ( as reduces the pettetrat iott of 

eight (sun), thus depri-\'ing aquatic organis-ms of tht'- aoove 

tlW vi ta[ nt'.eds. Photosynthetic orgattisms die off, .miCe 

aHae_rooiosis sets irt prodlLcing toxic prodtLcts fike. H S that 
.2 

resufts into fouC odour of the u!virortncnt. The toxic 

prodttcts cotdd acetwldate. to inhioitory fevers kiUing 

aquatic anirluCs (ike fish. Crude oi[ contains ItlLtagenic, 

ean:inogettic and groltth in(1-ivtory chemLca.(s [Gutrtick (utd 

Rosenoerg, 19;'7 and Bosse.!'t and Bartha, 193-+]. Direetfy, 

these ca.rcinogerti.c and 1!lLtagenic components ki(f tlie 

anitm[s [Cooney, 193-4-]. Lacfz of oxygt'.tl pew:'tratiott Ht part 

star,'es the anitm(s to death. 

Apart from oeing directfy to,tic, 501fl:: of the products 

from 6iodegradat ioti of PHC couJd 6e toxic. Bartha. and Atfa.s 

[19~7] reported tha.t C - C a.[kanes "ere not to~ic to a 
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certain popu[ation of bacteria, but the a[coho[s of these 

COttq:10UHi£s ,tere inFtibitory, It is a[ so RttO~tH that addi t ion 

of hydrocarborts to an ecosystem nuyresu[t into se[ecti'\'c, 

increase or decrease in th~c si::'tc of ttticrobia{ popu[ations, 

This is Fww,:ver dependent on the composition of the 

co It t ami nQ t i Itg hyd 1'OC(1 r bOtt, awl" 

mi croorganisnts presertt '.tithirt 

Oil the 

that 

species of 

c01t1Hlwi ty 

[Co[lid llWl \.\QCb:.r, 19:-2; AtCa.s et a[ 19:-8; FederaR et a[ 

1984; Bartha, 1986 and ~bttna e t gl 1993). The ecosys tem is 

enriched pri.nO-riCy for microogartisms l:apa6[e of utUi:::ing 

the hydrocar6on and secortdari.Cy for those eapab[e of 

utifi:::i11.g weta60fites produced 6y the hydrocarbon-tltifi:::i.ttg 

mi c roo rg 0.11. isms, The enrichnEnt resu[ts into increased 

mw6er of botft the prinury attd secondary 6iodegraders \\Ftich 

gives an overa[[ incHcase. In the tota[ poptdation of 

ecosystem., Ott the other haitd, SOrlE of the hydrocarbons read 

to a decrease in micro6ia[ popu(atiolt [~brma et a(. 1993 

awl" SiRRena a:nd De Bont, 1993), AtCas et a[, (19:-8) found 

that rate of arga[ photosynthesis arld nitrogen fixation 

decrease ill. the presence of crude oi[. CompotLtu:fs [ iRe 

to [ue1H', ami pheno[ Vlitich are petro[euttl compOllertts have. been 

used as disinfectants. 

Toxic vo[a.ti[e con~onents that are bacteriostatic are 

a[so found in crude oUs. The inhibitory effect is not 01t[y 

characteris t ic of the chentica.[ nattLrc. of the, hydroca.rbons, 

btL! (tfso the RiHd of rnicrobia[ popuCation. The effects ar~c 

in addition i nf [ll.enced 6y the i r so[u6iCity and 
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concentratiQ1t. Sonk?_ of the microorganisms show rteut1'a[ 

response to PHC cOlttawination, thu.s the_ir size lIny renuin 

1 . 3 APPROACH TO PETF;.LJLEU\[ A'-<TI \\.l\..<iTE Dr SP(JSAL 

Presertt{}', a t!l1rtt>e1' of t1-pproaches to PEC po{{utiott are. 

and sotte oft he ttC thocis tLS eci inc {tLdt~ 

i nc i n e r Q. t ion, {atwaisl-losa[ (e.g. {and fi[{s, slLrface 

i.mpottttdncnts, tLSe of wlste pipes atLd unaerground injectioH 

.\e ({ s ) ami {arta t rea t m;~n t (0 r [awi fa rmi ng ) [Eo. r t ha and 

Bossert, 1934]. 

Except {aHa fantting, a{[ the nl::thoas are not associate.d 

,\{th microvia.f ttJ2tavofisTtl, hence the recyding of petro[etwt 

Qrtd its ,ffiste in the envirotlltcttt is hindt:rea. ~breover , 

the.)' are not e.c.ortomica{ [y atrract ive, a1'u1 have other s iatc 

effects. For tC;\:attrp[c, there is gaseous emission into the 

atttt)spl1ere from incineration, and LLse of {ar..d fi{{s and 

irLjectioH ,,1,e{{S wtda be nazardotts to grouna "ffitcrs aru{ 

streams. These effects ,\CuCd Heed sep(lrate attentiOtL 

Lattd farming is a recent and .viaeC}' used approach to 

disposa{ of PHC and its prodLLcts [Eil-rtha arld Bossert, 1984 

and Eartha, 1986]. It re{ies Ott soU wicroorgattistrls to 

degrade and evertiua{{y stavifi::.e tnt: PEC po {{tLtant S oy 

rr.i rte r a ( i:: at ion. It is cost-e!!ectin' and does not im·o[ve. 

nign-sfZi{{ed techno[ogy, m:dzittg it accepta[j{e and suita6fe 

especia{Cy fOT' deve{oping COtLnt1'ies. This nucr06io[ogica[ 
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QPproQcli to tlie pr06{e.m of PH::: po((ution becom:-: possi6Ce itL 

tlie [ iglit of energeltce of infonmtion COrtee nt i ng 

liydrocQroolt-ttt i (i Z itLg microorgQ1tisms; tlie sp\;~c if iei ties of 

tfte miero6es with their hydrocQroorc substnltes; and sone 

specific It£tQooCic, trQnsfonm,tiotts thQt restLCt from this 

interactiott [Glltni.c/{ and Rosenberg, 1977) . r..ficr06 i Q[ 

d\;~grada.tion is Qn 'opett' system "hicli prays Q tm.jor ro[e. itt 

t Fte ,V;~Q t lie r i tt9 proces s [At [a.s 1981]. The 6 iodegrcuiQo i Ci ty 

d\;~pertds on tlie tta.tU.H attd cliemi ca[ compos it ion of the 0 i (, 

t lie wi ero 0 i a C eOttutl1.tt it y a tt.d on e rtv i r otwent Q( f ac tors to 

degra.d\;~, trat1.sfontt or irtl1t)6Uize the liydrocaroons itt the 

soU [06ire 1990; o.]ORe, 1992 Qnd Shefer, 1992]. lli[iRe 

otFH:r ltethods, ( Qttd fa ntli rtg lias tLO pli), s i l~a ( oar ri e l' , 

therefore organic eompouttds are. com'€.rted to minera.f 

constituents artd Fawit.s , lieQ·v.v tti:: t a{ s Q l' e OOtL$ or 

pre.cipitated, Qad ha.:::Qrdol1.s W1.stes Qre rertdere.d hQrm[ess or 

Qre not sepQrQted front the envirottn£nt, it1.stead [\;:Qching is 

ntinimized 6y soU process [BartFw, 19S1.) and NU-\.fin Hu and 

Grogory, 1993]. 

ApQrt from the pli),s icaf , cfLemi ca( ctru.i 6 i 0 [ 01] i l~a[ 

fc~ctors, oiodegradation of PHC procC1Lcts cart on[y OCCH.r if 

there is a 2-pliase oiC/1w,ter system, fJLLt th.z (LCtH.cd Qm.it1.nt 

of free ,illter can be ve1')' sna[{, The degradative process 

can 6e cCa.ssified according to th\;~ Qrtount of free wlter Qnd 

ntLtritiona{ status of the petro[euttL prodtLct, out there. are 

nUILY vQriatiotts, 1tithin these c[asses. The first 

degradative category is €.xettq.)fified by those of fud oUs, 
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particu(ar(y (ight oi(s. T he \tilt e r p has e iss nrd ( in 

reCatiori to fueC phase. The flld is ttlLtritiona([y sparse, 

but it turns over rapid[y, a new nutrient itHerface is 

repeatedCy and freqlletH(y presented to the microbes in the 

{o,ter >tater phase. Tflere is [i t t [e .. chemicaC chattge in the 

fue[ itse(f because of the short contact tin~. Thc~ second 

category is ,\here a srm[[ 11Qter phase is in cotttact l,tith or 

dispersed through the oir phase, tht'- air is ltutriti01lD-CCy 

adequate atld cOrlfp[e,'(, artd the contact tine is >teek.s, nortths 

or evert years. This category is typified by n~cro6iaC 

degradation of [lt6 rica t i ng 0 i C s , hydrauCic oies, arui 

stro .. ight Clltting airs. In the third category is oi[ in 

,tater-ertll(sions, the ltutritiona([y rich oie fontll[ation is 

firedy dispersed in from 10 - 100 tirt'es its 'voeune of ,tater, 

lienl~e presents an enoT1tOllS interface that sti,rll[ates rapid 

micr06ia{ gro>tth. Ot(-in-,tater enu[sioli.s are typic..aUy used 

to cooC and Clt6ricate lreta(-,wrlZing process. 

1.3.1 RECENT STrnIES Q\- PHC BIODEGR-illAIIa'\" I":; SOIL 

The biodegradation of PHC HI natura( ecosystem is 

comp[c~x, h01\(~ver n~croorg(lnisnlS ha\'e the abiCity to 1ltifi::.c' 

petro(e.twt as sore source .. of carbort cwd energy [Ft'dcrak. e.t a[ 

19S-J.; Ijali a'td U[zpe, 1992; Ijah attd Essiet! 1993 and Antni 

alui MJ6cltO, 1993]. These organism; .tidefy distriSuted in 

nature are not rest ricted to a few gett.era, becallse a diverse 

grou.p of oacteria, yeasts, fw!gi and aCgae have been 

irtpCicated in PHC oiodegradation tn both aquatic and 

terrestriaC habitats. Bossert and Bartha [1934] have fowui 
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22 and. 31 gene.ra of bacteria and !tmgt respecti\,e[y that 

are biodegrade.rs in soil ecosystems. Atlas [1981] established 

t (La t dOrttiuwLt 

degrade.rs ilt soi ( ecosystt::fft5. Ijah and ORang [1993) 

deterH~ned the rate at "hich bacterial isolates from 

tropicoJ railtforc.st soi [ cOH{d dc.grade. BotLtLy {i9Ftt cnLdc. oi { 

driCCed in the area. Ott. sam:' Bomty C ight crwil:: oi C , A.rttai 

and ~t1bOrtD [1993] studied the pattent of its d<::.gradation b} 

BQci{(us sp. and Pseudo/ronas 

sp. i soC at ed fro ttl 0 if s p if { ed sit e . The abi{ i ty of 

bacteria isolated from crude aU po[(uted soU to degrade 

pesticide (eg ;,;u-vacrort 40) WlS itn·e.stigated /)y Ijah and 

Essien [1993]. A study of the reCationship &ebteett crude aU 

quaCity and its biodegradability 6y compairing the efffect 

of gro1;tth of pu.re and mi;x:ed cu[ tures of /Jae teria obtained 

by soU ertrichtlctH 011. the compositiort of crude oUs of 

diffcre'nt quaCity, and the effect of temperature on this 

ref at iort..ship >-las carried OtLt by JoSson ~ al (1977). Antai 

(1990) studied th!:: extent to \\hich t!::mperatures, pH, 

nutrients itt tl1t:: soU during the dry and rainy seasons 11t 

?\ige.ri(T affect crude au degrading abUtty of t\\O crude oil 

degraders (Baci[[us sp.a.nd PsettnOtlIJW1S sp.) iso{o.te.d from a 

crude aU spU{ed site. T\\o strains of Baci({us (28A and 

61B) were isoCated from au spi[[ed soU 6y Ijah and URpe 

[1992) arLd e-fffects of nitrogerc StLpp{ett£nts \-u'L.S testeA on 

their biodegrcttion of crude aU. At[as et a[. [1978] 

e,-..:amined the a6Uity of TtlttL:{rCl. soU microorganisms to 
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degrade crude oU. DibbCe a.nd Ba.rtha. [1979] ca.rried OtLt a.n 

extensive study on the effects of e11:virottrtt:~nta.C pa.ra.m:~ters 

ot! tnE' 6iodE',grrrdation of oU sfuage. A{ so I Bossert a.11d 

Ba.rtha. [1984) studied the s true ture-viiodeg rada.6 i City 

rda.tionshi.ps of po[yc)'cfic a.ronutie hyaroca.r60ns in soU. 

0+ 
_v_i. of [19;6] defined the rmgllitude of the 

stinulrrtion of specific hydroea.r60n utifiza.tion flora. in 

soU after tlie rrddition of six different oUs to Sltu[{ fidd 

p(ots. 

At [rrs [1981] s 1i01-\ed t liat seve ra.( fung i exh i 6 i t non 

e.fficiertt degradation of PHC tlia.rt 6acte.ria.. Sorte of the 

ba.eterirr encountered inefude Psetidormns I AreIi1'Ott06a.cter) 

Anhr06acter) FCa-v06aete,riun l etc. For fungi,Peniei([iurtt, 

Asp€. rg i [(us I Vert iei C f i Urtl, Ft.Lsariurtt.L etc beer1. 

denonstra.ted. Rfwdotoru.la., Ca.ttdiaa. , Sacha.romvce.s, etc a.re so~ 

oft lie yerrs t s i nvo C ved I 1-m U e Ce 1'11. i ng Ci a. a.nd Perry t es t ed a.nd 

fou.nd sone a(gae (e .. g.Att.a6aerw sp,Clifore[(a. SP, tvh.eroCeus 

~ etc) are c.aprr6[~,- £i Iivdroc(H60n deqrrrdrrtiorL 

1. 4 N·£CM"\l:S.\f OF BIODEGR"'DATlili OF PHCs. 

Studies to determit1.e tlie rtEtaoo( ic prrtli\wys for PHC 

degrada.t ion lia.ve Oeen unaertrrken , attd rr rttwter of re'\,'ints 

rrre a.va.iCa.6fe. The n-rrU'z.cutes a.re genera.[Ly rtOst rea.aiCy 

a~:grrrda.6[e compotte.nts in a. giver~ mixture of PHC [At[a.s 

1981]. Tlieir de.gra.da.t ion is a.rc oxida.t ive process a.rcd 

proceed s tti tft a. rnmo t e rrtti tLa.[ rr t trrck on the efta. i 11. 6y 

introduction of no[ecu.Ca.r oxygen into the rm[ectde by the 
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action of oxygerw.ses. Hence, the presence of free Oi\:yge.n 

is iU¥Jortant. A priltury a(coho( is forned \thich is fo((oVV2d 

by a(dehyde \"ith subsquent fonlUtiort of car&oxy[ic acid 

[Gutnicrz. and Rosen.berg, 1977; Singer ami Finnerty, 1984 and 

Bartha, 1986). Further degradation on the car60xy[ic acid 

is 6y f-oi\'idatioil ... ~hich resll[ts into a 2-C lLrt.it shorter 

fatty acid alta a.cety{ coer1.z)'rtC A, \iith e-ventua[ (iberation 

of car&ondioxide and \tater figs II (L/td III). Extensive 

ttl"'.thy( brancfiing interfel'e.s \tith the B-o,ddatiott. proce.ss and 

nece.ssitates ditermirw{ (Ortega) oxidatLott [Roynond et a(. 

1976 and Bartha, 1986]. Suvtermina( oxidation rluy occur 

prodtLcing secondary a(cofw(s sort~tim::"'.s, attd subsqtLent[y 

ketone fortttLtiort, btLt it is rtOt the prinury path,luy for n-

a(Rane de.gradation. It is rather used 6y lttLrLY fungi (Ho[ds) 

and certain yeasts e.:ccCtLsi.,,·e[y. (fig IV). 

CH CH CH CH CH 

\ 3 0 I 3 
\ 3 I 3 \3 

2 
(CH ) ----) (CH ) ---) (CH ) ----) (CH ----) (CH) ---)~-oxidation 

I :2 14 I :2 14 I .2 14 
'I 14 I 2 14 ... 

CH CH OOH CH OH CHO CHOOH 
3 2 .2 

( a) ( b ) ( c) (d) ( e) 

Kev 
(1 - r1. - hexadecane. b- tt - hexadec.y(hydroperoxide c-rt-

hexadec.atw [ d- 11.-he.:cctdecy {cJ dehyde c- n-hexadecattO ic acid 

Fig II Proposed path,iuyof he,,«ldecane 1tl:'.tt16o(ism H1. 

Ac inetoba.cte r sp. 
Singer, 1984. 
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RCH CH + 0 + NAD(P)H + H ----) RCH CH rn + 
2 3 2 '2 '2 

Fig. III. ~tclia.nism of O:iaa.tion: 

Si.1Lgcr, 19S-i. 

CH CH CH CH 

\ 3 
0 I 3 \ 3 

2 
I 3 

+ 
NAD(P) + H 0 

'2 

CH 

\ 3 

CH 

\3 
(CH ) ----) (CH ) ---) (CH ----) (CH ----) (Cli ) ---)(CH 

I :: 11 I 2 10 I ::: 10 I '2 c. 
-' I '2 9 I ::: 9 

CH CH - CH C = 0 CH CH OH CCQi 
3 I I 2 '2 

CH CH 
, 

(e) (g) 
( a.) 3 

( 6) 

.Ke.v a - n-tr iaeca.ne 

3 0 
I 

(c) C = 

I 
CH 

3 

( d) 
6 - trideca.n-'2-o{ 

0 

+ 

CH CCQi 
3 

(f) 

c- trideca.n-'2-one 

d - ultdecy{a.ce.ta.te e.- lLtuieca.n-C-o{ f - a.ceta.te 

9 - uruieca.rtoic a.cid 

Fig. IV Pa.tliwl.Y of Su.6tenttitut{ a.tta.CR 6y PseluiomJrta.s 

Singer, 1984 

Higli{y 6ra.nched isoprenoids fUze prista.r1.e lLiuiergo Owega. 

(eLi t erlt:1 tta[ ) o,x:idat ion (Fig. \') to form dic:.a.r6oxy[ i c 

Cd: ids a.s t lie ltU.j 0 r deg rada. t tve pa t fnl£~J' . This reStL[ts from 

the prodllctioH of extra.cc{[u{ar prOdtLcts a.(kaTle 

hyLiroxy[c"se. Ho~\.Cver, rrcthy{ oranching increases resista.nce 
'~9!. 

of PHC to micro6ia.{ attack [A:ndreor;..i et a.r. 1. CycfodRanes 

a.re resista.nt to nticr06ia{ a.tta.CR, but a.re su6stra.tes of co-

o;(idat IOU [\blwa e t d. 1993 and S ikRenn artd U: Bont, 1993) 

fortlting ketone or aCdt'.Fcyde_. Once o,x:yge.rwt ed, dey ra.da.t ion 
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can proceed \ii th ring c[ eavage. Subs t i tut cd cye.[ oaf Ranes 

are {iaS{e to degradation nore readiCy thatt unsu6stituted 

ones, e.specirtfy if the stL6stituent is art n-a{kane of 

adequate chain {ength. Norrtn{ {y, the su6stitu£nt is 

attacked first (e,aaing to an interttediatc proatLc.t of 

c)'c{oh~,x(lnc earooxy(ic acids or 1'e(atE'_d cowpoHna.s. (Fig. \,01) 

CH CH CH CH CHO CQtf 

\ 3 0 
I 
3 \3 I 3 

2 I \ 
(CH ) ----) (CH ) ---) (CH ) ----) (CH ----) (CH ) ---)(CH )---)(CH ) 

, 2 n I 2 n I 2 n \ 2 tL 
1

2n 12n 12n 
CH 

3 
CH OH 

2 
CHO COOH COOH CDOH CDDH 

( a) 
:Kev a -

(6) (e) (d) (e) (f) (g) 
n-aUzane &- prinury fatty a[coFtO[ e - Fa.tt)' 
d - Nbnoear&oxy [ie fat ty ac id e - w-hydroxy 
f - \\,- aCdehyde fatty acid 9 - aicar6o;cyCic 

a{deh.yde 
fat ty acia 
ac.id. 

Fig. V Path\\ay of di terminae aCkanE' oxidat iort. 
Singer, 19S+ 

COOH , 
(CH ) 

? 4 I ~ 
CCUi 

Fig. \'1 Proposed pa.th~illY for the eata60f ism of cycfoFtexane 
6y ?'-.'ocardia sp, 

Perry, 1984 

Aronut ic hydrocarbons h.a,·e ga.i Iled not or i e ty 

en\' i rorwenta[ poC {utants that an, rt'S is tarlt 

as 

to 

6ioaegraaatiott [Bossert arui BtHth.a, 1984 and )l..fi({er et a{ 

1988]. Mic.r06iaC aegrc.dation invoCves fornntion of c" aioC 
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fo([oud 6y _ deavage and fonmtion of a diacid such as 

cis,cis-nuconic acid (Fig. VII) . Light aronutics are 

slIDj(:c! to enlporntioH (wd to Inicro[,in[ degrac[atiofl 11t (l 

dissolved state. Extertsive ttethyl stLostittLtiort inf1.i.6its 

initial oxidation, though the initial enzynutic attacR could 

6e Ott tlie. aCk)'C s1l6stituent or t1[u:nwt~"\/e{y, di.rectLy OIL 

the ring [Atlas 1981]. 

H 

>1: 0 « 
/~ /';)1-\ 

t\ 

Fig, VI I Path\\ay of arOtftl.t ic ft.ydrocar60tt o:ddat ion 6y 

ProRaryotes. 

Singer, 1984 

~1:ta60fic path.\QYs availaole for asphaltic components 

are [east .\.e[( urtderstood. No uni form degradat i ve path.\Q)' 

compa.raS(e to those of aliphatic or arOHutic hydrocar60ns 

have yet ert!::rged. The.v a.n: comtp( ex s t rlLctlLres 1\hich are 

difficdt to analyse. 

1,5 E~VIRO\1vE:\TAL PAR'\.\ETERS THAI AFFECT BIODEGRoWATIO\; 

The.. degradati've potentials of the 1tideCy distri6uted 

hydrocar60n tLti[iz.iHg microorg(wism; depend to a large 

exte.nt on ettvironncnta[ facto rs, and these 

TtDisttLre, state of the. po[[tLtattt, topography, 

include pH 

temperattLrt 

mineral nutrients, oxygert ten..s ion, diatL;'(ic effe.ct, prodtLct 

inhiSition, etc. 
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1. 5.1 

It has a profowtd inf[uence Ott rate of aU bioc .. hemica[ 

proce.sses, and so affect the rate of oU-biodegradation. 

Biodegradat iol1. of hydrocarbons occur over a 1-tide range of 

t entpe rattlTe s, and psychroph i { i c., U'Cso phi { i c and the ntn ph i { i c 

hydroc.a.rbon-utifizing microorganism ha'l.'e beel1. iso[ated. At 

high te.mperatures, the hydrocar60n tends to be vo Cat i (e 0 r 

present in (iquid state and cou(d 6e d~~graded, but at [ow 

tempera.tures they te .. nd to so(id form and cannot be easi[y or 

efficie.ntCy lLtUized. The degree of spreading isredlLced at 

(ow temperatures [At(as, 1981] and freezing inte.rupts 

biodegradation [Bossert and Bartha, 1981). 
o 

reported PHC biodegradat ion at beC ow 0 C. 

HU[ (1984) 

Dib6[e and 

Bartha [1979] fOlmd that a rise at nl'tabofic activity of 

microbiaC conmati ties is comm:m throughout the ttt'solJh[ ic 

rattge. In th~~ntDphiCic sittlations, rtt'taboCic 

rates tend to be high but gr01-ith rQte.s Qnd ceUs yieCd aloe 

(ow since etu'.rgy is e;l:pended for repair of thentrd danuge to 

cd[ constittL.ents [MtCfzins-Phi[[ips and Steratart, 19(4). 

1. 5.:2 

At very {ow conCetHra t ~OI1S, sont' of the compotlnds nay 

be soCub[e in ,tater, aim at high c.ol1.cent rat iolts, they n't 
sO{tLbi{ity {itiLits. The degree of spreading 

determines in part the. surface .. are(l of the oU avtl.iCabCe for 

ndcrobia{ coColtization. In soUs, the !Jo[[utants are 

a6sorbed by p[attt tlutters and soU particCes thus Cilltiting 
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their spreading [Bossert (uill Bartha, 1984]. AvaiCabiCity 

of increased surface area acceCerates biodegradation because 

not OttCy are voe (utartts nMe aVl1,iCI16{e to the 

microorganisms, but novencnt of enuCsioTt dropLets nukes 

oxygert arill nu,trients 1I0re readi[)' a\'ai[ab{e. 

l. 5.3. lVCJI ST LIRE 

Aerobic biodegradation of sirrrp[e or confp[ex organic 

nuteria[s in soiC cotmunity is greatest a.t 50-70% soU ltater 

ho[ding caplleity. Inhi6i Hon at [owo,r va[ues is dtLe to 

ittadequate lUtter activity arui a-t higher va[ues interfere 

Vl,ith soiC aeration. HOHl~ver, Dibb[e and Bartha [1979] 

observed that requi rencnt s for nux i num act ivi ty on 

hydrophobic cOtttpowills uay be differertt from the optitm[ 

rtoisttLre fevers for the, biode,gradation of hydrophi [ic 

substra-tes. Thi s cou[ d be due to the fact that the 

po[yncrs, 6y rendering sotte surfa-ces hydropfw6ic redtLu', 

lUtter ho[ding capacity of the soU arill this increase 

avaiCabUity of It[Lter that is present for us e. 6y 

microorganisms [Bossert tlrtd Bartha, 1984]. 

l. 5.4 pH 

ExtrE~tt't'.s of pH are inhibitory to Q, great rtnjority of 

rrricro&ia{ degradatiott processes. ~bs t fungi c~re [ess 

adverseCy affected oy {o,t' pH 'vaJtLeS than bacteria. Dibo[~ 

and Bartha [1979] ooserved that riming favoured 6iodegradation 

of oU. They a-[so f01l11Ji out a.n optirm{ activity of 

biodegradation at pH - . 
i I Lf- and a considera6[e inhi6itiort at pH 

S.5 for bacteria. 
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1.5.5 1'vfTNERAL. NLITRIENTS 

The Iwtl'itioltn( iubn{(Lllcc (jct\\ceu sULJstrCLte carooll 

supp[ied 6y petro[ewn and the ttitrogen and phosphorous 

reqtti relt~nt s for micr06ia[ growth is a [imitatiott of 

hydrocGr60H [)iodegradat ion. TFt is Fws {)een ext <'.HS ive [y 

stwiied in the ttn.rine ett\'iroiwl':'.ttt, and as the nitrogen and 

phsophorous reserves of nost soifs are [ow, a simiCar 

situation is expected to exist il1, the soU. },utrie.nts 

avaiCa6iCity is [imite.d by organic car60n. Top so if shave. 

lmre ol'ga.nic ((H60t1. per tmit vO[l1rtl:~ 6tLt it is httttufie.d and 

not re.adify avai(a6[e. for mine.raU::ation. Stirtu[ation of 

oU 6iode.grcuiation is achieved 6y addition of nitrogett and 

pr<osphorous [Bossert and Bartha, 1984]. 

Ho \\eV 12 l' , 0. compfete assimiCation of petro[eultt car60n 

into 6ionHss is not achieved under natura[ conditions, 

6ecause SOtt~ of the compouru:{s are re.ca[citralt.t or are 

tt~ t a6 0 [ iz ed s[O\t{y o'ver a [ong period of tim:', and for 

COltrp01Huis that are, readi [y rt~ta60[ ised, sottr carSons are 

ttU ne. l' a [ i s e.d t 0 CO . 
2 

Therefore, efficie.nc), of cotn'ersiort of 

oU car60n to ce{[u[ar tmteriafs is lLot 100% [Di65[e and 

Bartha, 1979]. 

1. 5.6 O..xrr3EN TENS ION 

Petro[ewn atui its products are on[y tt£ta60fised 

o:cidat ive[y, 6ecause they (He comp[ etefy reduced organic 

stL6strates. Though, atWe.rovic oxidrrtion occurs \tith nitrate 

and stLffate serving as e.[ectron sinks itt [avoratory, this 
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type of 6is>degradation has a negCigi6Ce effect on oU 

po[{utants itt soiCs [Bartha and AtCas, 1977 atui BOSSE',rt Cltui 

Bnrt(w, J9S4]. T(lcrcfol'c) {ncr.: of tmeccu{nr OXY9CIl is 

cons ide,red to be an important Cimiting paranl::ter of 

pet 1'0 [eunt 6 iodegrada t ion. 

1. 5.7 DTALDCTC EFFECT 

A pFtenOrlCfWrt of m::·tnbofic H:gu[ation first desc.ribed bv 

Hmod (1979) .tnich determines the fate of petroCeumprodlLcts. 

Wten an organism 1vith a 6roa.d ra.nge of substrates is offered 

ttore thatt one type of organic substrCltes, it tiny fwt a.ttack 

the substrates simt.[ta.tteoltsCy, rather in a. definite sequence. 

Diauxic effect determines .,Ihich of the petroCeuttl componertts 

an: degraded alui in .that order [Ba.rtha. and Bossert, 1984] . 

The IJ7-eSence of non-hydrocar60n subs t rates, or nore 

utiCiwb[e {01V no ( eClIC ar .1£ i 9 h t compotLltd nay repress 

induct i ve synthes is of enzyncs requi red for hydrocarbon 

Hti{izatiott. 

1.5.S. PROD~ TNI-I.TBTTTON 

The u[ t irtnte product s of h}'drocctr60n b iodegradat ion fLre 

CO and H 0) but 6ioC£egradation of higher Ho[eca[ar m:.ight 
2 2 

compotmas involves mUtYlnterill:diates, SOHE of 'Ihic.h nay 

acct1:nu[ a.te to inhibitory levees. for ei\: amp [ e. ) the 

6iodegnLda.tion of arollutic hydroca.rbons yiefds phr:'.no[ics and 

6enzoic acids intermzdiates. 

different micr06ia[ comttwities rednce, if not pre\'ent the 

accultu[ at ion of frl'- ta60 [ i c i nt e rmzd ia tes to i nh i 6 i tory {eve [s 
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[CerningCia., 1984 a.rui SiRRena. a.Hd De Bont, 1993]. This is 

beCCL1..Lse. SOttC intert/cdia.tes serve a.s 5u6stra.tes to others. 

Gene.ra.[ [y, comp[ex tlcdia containing nuteria.[s of ttctttL7'a.[ 

origin support 6etter microbial gro\i-tft compa.red to synthetic 

m.'.ditlttl. This HHy [Jl~ due. to "'I'lHiOHS factors, Huin[y cLue to 

pres enc.e of i norg a.n i c and 0 r g a.tl i c tl it rog e'.tWlLS S uas t a.nces . 

It is inte.resting to see c.011lp[ex nutrient utiCi::ation 

ca.pabUity of cnuie oU biodegrMers a.s nitrogen soure.e, aHd 

a{ so as carbon source 1ti th or 11.i thout cnuie oi {. 

1. 6 JUSTIFICATION 

There'. a.re VO{tutl?5 of Citf'.ra.ture on the biodegradation. 

of PI£ i.n de1/e{oped countries ;.\,itft nost a.ttention on aqua.tic 

ol.\'i rom/cnt . At{a.$ [1981] attributed this to oceans being 

the {argest and u{tinute rec.eivers of l1ydroca.rbon 

po{[utants. In Nigeria, there are. few StLch studi~'.s OIL oU 

biodegradation for t7'eatm2ttt of oU spU[s tn a.quatic 

e.nvirottrti2ttt [06ire 1990]. F1LrthenlOre, sucli studies a.re 

very sca.7'ce on soil ecosysten~ and tliere. are ve.ry 

cOHsidera6{e differences iIi tht'. envi rOttn~nta{ a.nd 

nutritional pa.1"(tm:>.ters (tS .... le{{ as the microoiaf c.omtUnities 

oft lit'. !;.w eco sy stems. A[so, tlie physica{ oeha:viour of oU 

po[[utants in the hID liabitats is quite distinct. 

Tlierefore, tliis sttuiy is to iso[ate and identify 

microorganisms associated 'i-itli lli!ste aU c.ontanu.nated soU 

of lteclia.nic ;.wrksliop dllntps, a?td to dt'.ternu.ne. tlie.ir abUity 
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to degrade PHC. Fina.f [y, the effect of sonE en'virOrttfcnta[ 

IJ(lYCl1wtcrs W'1'C' in·vcstiga.ted on tFIC 6iodcgrac{atiolL acti,'ity 

of the micr06ia[ iso[ates. 
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2.1 COLLLCfro; OF SA\PLL<; 

(a) SoU Samp[e.s 

The soi ( samp(es for this study 1M:'.re coUected arotHtd 

Jatwary/FeS ruary, 199-1- from three principa[ ftechanic 

,wrRshop dumps nattt::[y - Bosso, Keterert gvmri, and Northern 

oye-pass ltechanie (ay outs, etC [ itt lvfi rtrt.a., Niger State, 

1\igeria. The. rlcchanics in thes/;:: vwrRshops reported that 

genera[(y they dump [uoricating oU (b[acR oU), gasorine, 

diesef . After the renova[ of surface fitter, soUs .I£re 

coUected at a depth oet,leen 15-20cm in sterUE'. screw cappe.cf 

bott[es. Tlies/;:: w.::n, transported to the [aooratory and 
a 

stored at -4 C. 

(6) Cn .. uie ~ refinery ef{Ctlent arId Petro[etl.mp,odtlcts 

The cnw/;:: oi[ ([agollu Ugftt) used WLS obtained from the 

chemiulC ref i !ling [aooratory, Kadtma Ref ile1. Itg attd 

Petroehemica[ cOilqlatty, Nigericw Nat iOlta[ Petro[eum 

Corporation! Kaduna. Tno1lgh, the itttertd/;::d research \\itS 

centra[[y on crude oU, othe.r PHCs m~.re eoUected for 

comparative PUT"pOses. Refiltery eff(tLent 1ms co{[ected at a 

discharge point vthere the eff[uett.t rUrtS off pa:veuent freeCy. 

Gasorine, Kerosine and Diese[ 'lere co[[ected from fi[[ing 
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Fig.xviii: Collection of soil Aamplp. at Rosso automechanic w()l'kshop 



stations, \<1LiCe engine oU \ms ovtained front a (uvricating 

shop, aU Hl ?vfirwQ, Niger State, Nigeria. 

coUected in sterUe vott[es a.nd stored at room temperature 

for further use. 

? ? L\:i\MDZ:\TI ON Of SOl L SA\PLES 

Propertie.s of the soi [s w~re determilted Ort the fi.e[d 

W~ in the [avoratory. 

2.2.1 Soi[ examinatiotl 011 the [idd 

Tempe.ratlLre:- Temperature of soU of each It£chWlic \wrkshop 

\ms dr.:ctermined Ott the. spot tiS ing soU - therm:Ht~ter. 

Topoqraphv:- The type of [oca[ity - p[aitt, hi Uy or 

lllJtULtaineOtLS, [ow or high (ar~ of each site \\fl.S rec.orded. 

Vegetation:- \\hether the sites had ·vegetation 01' not \\fl.S 

06stcrved. 

2.2.2. Soi[ e.x:aminatiott in the [avoratoT"\' 

J2lj: A samp[e of the soi[ \tas crushed tLsing a pE'_stfe and 

ltlJrtar. 2. Og of tFce cnLshed soi [ \\fl.S added to a test tuSe 

aM then fif[ed up with distiC[ed \\fl.ter. I t ~\.{tS mixed 

throtLgh[y cud pH 'illS tak.e.n using pH m,:te.r (Croon ?vfi.cro pH 

200) . This ,IHS datu:, for 3 t im:'s and tne. average \UtS tafZert . 

./\bisttLre:- TFte.ttDisttLre \Uts c.aCc.tdated 6asr.:,d Ott tFtr.:c rtEtflOd 

descri6ed 6~v A.kinsarwu [1985]. Empty petridish \UtS w-:.ighed 

and samp[e of soU lH1S IJ[au,d Ort the dish al~ Heighed. The soi{ 
( R) 

in the dish W13 dried in the o\'erL (FISHER ISaTHEM OVE:\ 
o 

lvODfl 175) at 105 C. \.\eighing \w.s dotte at intervaL; urttU 

a constant \ieight \Uts 06tainr.:cd. The rroisturr.:c \ias determined 



thtLs: 
Coss in 1\('ight of SoU 

I\~ r e.c n t 09 C 0 f \\C[ t c r co tl t Cllt = ---.---- .. --------------.-------- ;'( 1.00 

"tight of fresh solC 

Strue.ture:- The structuraC characteristics of the soiCs 

1({,TC determ.ill.ed at tfte AgTi.e.tdtlLTaC Se.ieltc.e depGTtlte1tt, 

Kiger State CO[[t:~ge of Educatio!t, ~1i.rtna. 

2.3 IS~AIIO;'; A\TI ID£~TIFICA:rION 

2.3.1 ISOLATI~' 

10.0g of so iC sampC e from each of the. sites ,(US transf 12 red 

into 90mC of steriCe. distiCCed ,lUter, and asepticaCCy, 

seriaC dUution as described by Fa,wCe and Gso [1988] .\.11.5 

perfor7tr:~d to 06tairl so i C su.spens ion tLp to 10 
-7 -5 -3 -1 

each diCution (10 10 10 and 10 

"7 , 
0.1 m[ of 

,IUS introduct:'.d 

onto dry agar nedium (For bae.teriaC iso[ation, KA. atu:i for 

fungaC iso[ation, PDA .tere used respectiveC},). In either 

case, sterifized grass spreader ,(US tLsed asepticaUy to 

spread the StLSpens ion on the surface of agar 
o 

1-Iere incubated at 37 C aHd room temperattLre 

nedium. These 
o 

(28t1C) for 

vacte1'ia and ftmgi respective[y. Distinct coConies ,(ere 

picp.ed and reitwl~u[ated into agar nedium to o6tain pLLrt'. 

iso[ates. These purE'. iso[ates ,tere the.rt kept lTt. the 

refrigerator for further use. 

2.3.2 Idel"1.t if ie.at ion 

A ltwdjer of microscopy/6iocftemi..ca[ tests .tere done 

for identification purpose 

1. Flutg i 

a) Ce[[u[ar and co[onia[ tmrpfw[ogy 
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The iso(ated ptL re ctLf tures ,tere 

vis1.w.[ ized oy (LSqJi icaL [y re.uovLng the cover 

prates to see grol'vth ftorpho[ogy. The prates 

,\.ere p[ rrced under the microscope (,X: 10 ooj ect ive) 

mwv i ClI.eti. Het preprrrrrtiolls ,\.ere. done tLsing 

{actopfteno[ cotton b[tte.. rrs HOtLntrrnt (!.ru.t vie.ted 

umier the [o",\'~po,w.r objective lLtW then using X 40 

(ftigh-po;l.er) objective. 

(2) Btlcterirr (a) Ce[{tdar and co(onia( ltOr:pho(ogy: SimpLe. 

strrining ","'lS emp(oyed. 

b. Spore strrining:-

The isoLates w'.re staine.d for the presence of spores 

using \Virtz's ltcthod [Akinsrrrtu 1985] 

c. Grrrm react i on 

The brrcteria[ isoLates ,tere gram stained foLLowing the 

l-lrocedtL7'€ as descrioed 6y Frr,toCe a,..Ji Gso [1983] 

d. ~bti[ity test:-

The. ltOtiCity m:tiiu1t1. (Semi.-soCid rt11.trient agrrr) l\US 

sta661::d 'Iitft a. Coop of bacteri.a[ isoLates to a del-lth of 

1-2cm short of the bottom of the tube. These'vwre 
D 

inct1.brrted at 35 C for 48 h01l.rs) and the [inc of 

inocu[rrtiott. observed at the emi of the period. 

Line of inocuLation lIDS not sha.rp[y defilt.ed, a.r'Ji the rest 

of ncditL1lt ;l.QS c.Coudy for notiCe iso(rrtes. v\l1.U e gro,(,th 

,\,US restricted to the fine of irwcu[atiort. .thich vecorte 

shrrrp[y defined ami the rest of ncdiurtt. rermined crear 
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for non-lrotiCe iso[ates. 

e. C»:idase test:-

A piece. of fUter pape.r .\as w:tted "ith t1 few drops of 

dUltte (1%) So[lLtion of tf1c'- oxida.se reagent (tetram:.tny(-p-

Pheny{ene diamim:: dihydrocfi{oride). A oit of groHth of 

iso[ate 06tained fro11t lttltrient (1gar peate .\as sncared on the 

w:t piece of pape.r. The de.'e[ opnErtt of an intense purpC e 

co{oLtr 6y the flacteda[ ce[{s in the SftCars within 30 

seconds indicated a positive test altd faUuH ..... ithin sanE 

period .tas a negative test. 

f. Cata[ase test:-

A drop of 3% hydrogen peroxide .\as pC aced on a g {ass 

sCide. A 6it of growth of the. isoCates 1\aS reltOved from 

the l1rditL1tt ..... ith a 11.ire (OO!), alta the drop 1\aS touched 

with the charged {oop. A positiye test WlS indicated oy 

ou60 Ci ny and fro t hi ny . Kegati\'e test did 110t show 

ou6bCing or frothing. 

g. Trip{e Sugar Iron (TSl) test:-

Using a sterife 'iire Coop, the surface of the TSI 

o.gar sCants lillS streaked and thc'- [w.tt stabbed:! tinES 

wi th the. oa.cteria[ iso[ates. These wue capped [oosdy 
o 

and incu6cLteC£ at 37 C for 2-4- hours. Several reactions 

1te re read aJ ter incubat iort. 

Gas forttutio,t .\as determirLed oy the appearance of 

bu06[es itL the butt or fonmtion of cracks or pusliing 

t lie but t fro ttL the 60 t t o It!.. 
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mi.nutes] ·sepirate.Cy from the buCk 1t~dium, but ttaS added to 

the buCk tt~dium after cooUng. In part B, the sa{ts ,Iere 

disso{ved in concentrated HCC (51.3m[/[) , and nnde up to 1 

Utre mth distiUed ltater. pH liltS adjus ted to 7.6 then 

1.5% (It/V) agar tillS cuided altd filw.([y autoc.Cave.d separate[y 

and conuined .1·ith part A after ste1'ifizatiotl.. 

ADOtLt IS-20m[ of the safid n~dia tillS pOtLred onto 

sterUe. prates, and dried at room temperture for se'vera{ 

hours before coating the agar surface .\-ith a 1tli~ttLre of 

crude oU and carbon tetra chCoride 1:1 (v/v). The prates 

l1ere used .tht::n there llUS no renttins of CCC vapour. 
4 

Initia{ con~entrations of 0.1, 0.5, 1. 0, and 5% of 

cl-ude oU ltere used. Bacteria{ iso{ates on K4.. lIRre streakt::d 

onto the "oi{ agar" aseptica([y us ing .tire Coop. The p[ate.s 
o 

l\.ere incu6a.ted at 37 C for 6 l\.eeks with g{ucose as contro[. 

Groll-th on the prates indi.cated oU degrading capa6iCitit::s of 

the 6acteria{ iso{ates (t.a(;[e 6). A set of prates ltithout 

cntdc: oU a[so served as contro{s. 

(b) For funga[ iso C ates-

The mitLinrtC sa[t tt~diQ had the fo[[o;',ing composition 

(grant per [i tre): K HPO 1. 0; Na:\-O - 3. 0; £...950. 7H 0 -
2 4 3 2 

0_ 5; Fe50 .7H 0 - 0.01. The tt~c£ium W1S adjus ted to pH 5.0 
4 2 

afte.·r 1. 5% (1i/V ) o;wid No.3 agar had bl::l::n added befon: 

steriCi::.ation. The antibiotics - PeniciCCin G - 0.05; 

Ch[ oramphen i co { 0.05 l.1t grampe.r fitre. ltere added as 

fiCte.r sterUized so[utions to the Qutoc{aved arui coo[ed 

buCk n'f'dium. 
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To t e.s t - b iodegradab i Ci ty , the sane procedu.re. as 

described a.&ove fOl' oacteria \taS fo({o,,\ed except tha.t 
() 

irtcubatiort ltaS at room temperatuTe (28 ± 1 C) . 

UtiCization of cTu.de oU by the. isoCated bacteria \taS 

rtot pronotmced, hence the. fUl1ga.f iso[ates "tere se(ec.ted for 

further studies (tao{e 6). 

2.5 DETERi'vfINA.TION OF OPT IivUvf INCUBATIili PERIOD FOR 
UfILISATICN OF CRUDE OIL BY THE FlIN3AL ISOLATES 

The best five iso[ated funga[ oU degraders 

BIOIF,BI02F,Kb02F, Bl002F,BlOOlF (tab[e 7) 

,,\ere se.[ected for this plL.rpose. Each iso[a.te Wts inoc.u[ated 

irtto mirtittu[ sa.ft Ciqu.id ttedia UvSUvO [sane a.s 2.4(6) 

aOo·vel. Tlie 11£ditLnt Wl.S stirre.d using un.gnetic stirrer (B & 

T - HOI' PLATE !vttg stirrer) to ensure wiiform ttU.xture of oi[ 

tlirotLghOtLt the ltediwtl before distribution into Hasks for 

in.ocu[a.tion. 50 m{ we.diurtt ,\as taRert irtto 100 11l[ ErCem2.yer's 

f[a.sk a.nd thert ittOcuC(1.ted ... titF. the degra.de.rs. A c.orttro[ 

"\4,;itliot~t addition of c.nme. oU l\.aS used for comparisOrt 

purpose. The f {asks 
o 

teJtt)e7'a.ture (28 ± 1 C). 

w,'.re then i 1tcuba t e.d a. t room 

Ce[ { nus S "\0.5 lteas II H:d a. t 7 do.}' s 

interva.[ up to 28 days to determine the. optiHWtl irtc.uoa.tiort 

period. (From tabe e 7, it rUts 0.[ so 8ho.tn tnat 0.5% is the 

OptiltlWL concelttration of crude oU for tne biodegraders, 

the.refore 0.5% crwie. oiC W1S incorporated into tlie 

s t er if i zed !vSLM) . 
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Fig.ix: Mixing of crude oil and MSIM with magnetic stirrer in rediness 
for dispensing 



2.5.1. tvtasurem::ttt gi ce{{ ~ 

At def itt{te tine ittterva{, the 6roth (gro1t-th aM nedium) 

;titS taken and fiCtered through Wiatm:w. No.1 fiCter paper. 

The grol1,th on the paper 11as V<ashed t.-j,ice thorough{y ;tith 

dist i {{ed 11ater attd then transferred to pre ;Icighed 
o 

a{twtittiunt foU and dried at 90 C for 24 hours. 

~te i 9 h t 0 f e mp t y a { urni tt i um f 0 if 

He ight of a{ umittium + dry ce{{ 

\-te ight of dry ce{{ 

Itt gram per (itre: 

(y - x) 

y-x 
------------------ X 1000 
Qiant i ty of ned i UttL 

2.6 CQvPARISON OF GRaiTH OF FUNJAL ISOCATES CN CRUDE OIL 

A'-ID GLlCOSE 

The five oU degrcuiers w:re each inoc.u{ated into 50 tIl[ 

tvf)Uv( inco rporated ;\,i th 0.5% crude 0 if itt 100 m[ j[ asks. The 

nedium .titS prepared as descri6ed in section 2.4(6). For 

g[ucose, 0.5% g{t/cose pow{er ;titS incorporated i11.to lvlSUv( 

6efore steri[ization. This\-\as o[so disp~~nsed (50 m[) into 

100 m[ j[asks artri irwctdated ;I,ith the five funga[ iso{ates. 
o 

These 1te.re irlcu6ated at 28 ± 1 C for 21 days. At the end of 

i tLc .. u6 at ion period, tht: cere nuss V<aS ca[ctdat~:d as in section 

2.5.1. F[asRs having ?>lSL\( \i.ithout crude oU or g[uc.ose 

served as control. 
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EFFECT OF 1?li A~D TElvPERA.TURE eN OIL 
CAPABILITY OF TIIO ISOLATES 

DEGRADIN] 

The_ effect of pH and temperature on crude oie 

viodcgnu:iation by HW of the iso{ated fungi ,ms assessed vy 

inoctdating the iso{ates into 50 ?tI[ 1\151.& 11.ith 0.5% crude aU 

(prepared as in sectio1t 2.4 (6» in 100 w[ f[a.sks 11.ith 

differe.nt pHs alui temperatures. 

For pH, m:'dia wi.th pHs of 3.0, 5.0, 7.0 and 9.0 ltere 
a 

used aM incu6ated at 28 ± 1 C in orde.r to determine the 

optittum pH for tLtiCization of crude oiC 6y the organisms. The 

Itcdia 11ere adjusted l1.-ith HC{ aM NaOH lLsing pH ttr:'ter (Croon 

MicropH 2000). (Ta6{e 10) 

From tab[e 10 it lms sh01-l.tt that the optirtum pH for 

crude oiC utiCization is 5.0. So to determine the effect of 

temperature on oU degrading caI.JClbiCity !v5LMnt?ditl 1tith 0.5% 

crude aU of !lH 5.0 llere inocu{ated ltith the organism:; ami 
o 0 0 

incIL6ated at 10 C, room temperature (28 ± 1 C) and 37 C. 

The ce[[ 1mss of the organisms ltere ca{ctdated as in 

section 2.5.1 after 21 days incllbation. 

2.8 EFFECT OF CO\PLEX f.i11IRIL.\TS a',- UfILIZATIQ\ OF CRUDE OIL 

Comp{ex lledia that contain nnteria{s of natlLra{ origi.n 

11ere e.mp{oyed to ascertain their effect OIL hydrocarbon 

biodegradation. The nnteria{ s use_d ine{ude beans husks, 

rice., nuize and cont brans. 20g each of the ttnteria{s ll-QS 

slLs'pe1uied In 200 hot 1-tater i t1 500 
o 

f{ asks. The susI'ensions 1-\ere kept at 90 C for 24 hou.rs. 
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The hot extracts ~ere fi[tered through Wia t nun No.1 f if t e r 

paper. The extract thus obtained ltere each conc_entrated to 

100 mi'. The sofid content of ri.ce., nuize, corn and 6e_0_11s 

lte.re determined to be 3.43; 4.12; 3.91 altd 0.98% 

respective[)'. 

((l) COtf1.pCCX twtrients as (~ar[)01t SOUTce 

To first set, the compCex nutrients ltere incorporated 

diree-tCy into the IvElLM (prepared as in section 2.4(6» prior 

to s teri [izat ion 0.1% each of the nutrients 'WtS added to 

IvSU,f llA thO. 5% crude 0 i [ . To the second set, 0.5% comp[ex 

tttLtrients one), lias incorporated into the Iv6LM (no crude 

oU). To the Cast set, 0.5% crude oU ordy liaS incorporate,d 

into Iv5LM, and g{ucose (0.5% in !I,5LM) served as contro[, 

AU the f[asfzs lterc incu6ated tLnder same_ condi t iolts. The 

cere 11t1SS liaS ca[ctdated as in section 2.5.1. 

(b) COttlp[ex nutrients as Nitrogen source 

To determine the, effect of comp[ex nutrients as N-sotLrce 

three sets of nedia ltere prepared. Otte set had crude PHC 

and !l-6LM ~i thout :Ni trogen compound (Na?--.-O ). 
3 

The s !:'.cortd s e. t 

had crude PHC and lv5LM Hi thout K-cotlrpotL11d but conrp[ ex 

nutrients serving as N-SOtLl'Ce. The Cast set had crude PP£ 

aHd l-.{iL!v! Iii tli Ni trogen compound. The resu[ts ltere conrpat'ed 

after incubation. 

2.9 UfIUZ/\TIQ\, OF CJfHER PHC; BY SavE ISQATES 

For comparative purposes, the a6Uity of the isofa,ted 

fwtgi to utUi:::e re.jitH'.ry e.ff[ttent and sanE petro[eum 
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components (GasoCine, Kerosine, DieseC and Engine oU) WlS 

determined. 

(a) For re.jinerye-ff[uent, 0.5% of the hydrocarvon 1UlS 

incorporated into ~r:;LM (prepared as in sect iotl_ 

2.4(b). The ltl:'.dium 1UlS dispensed into 100m[ f[aRs of 

50 me each and inoc-u{ ated ",i th thl::; fwtgaJ deg radel's. 

Crude aU Has used as COlttro{. 
o 

incubated at 28 ± 1 C for 4 l~eRs. 

The f[ as RS 1te 7'e 

(b) For gasoCine, Rerosine, dieseC and engine oiC, 0.5% 

ea.-eh of the hydrocarbons Here incorporated into l>£LM 

(propared as in section 2.4(b». 50m[ of the mzdium 

lUlS dispensed into 100m[ fCasRs and inoctdate_d It-ith 

the funga.-[ degraders. ACC the fCasRs Hen; incu6ated 
o 

at 28 ± 1 C for 4 l~eRs. 

At the ertd of incubat iott per iod, the ceC { 1ms:; of the_ 

fUlLgrtC degradl::'.rs l~re ca[cu{ated as in st;ction 2.5.1. 

2.10 C(1 ... PARISCN OF RATE OF CELL GRa-vTH ON CRUDE OIL. 
CRUDE OIL ± CQ\PLLX l'-i1lf'RIEj\jT. A\TJ GLl.I::OSE 

The rate of iltCreaSt; in ce{ C lmss of a funga{ degrader 

lUlS 1/t)ttiton;d over a 28 da.y period in ~f)LM (pre_pared Ln 

section 2.4(6) conta.-ining separate{y crude_ oU. crude oU + 

comp{t;X nutrie.nt a.-tu{ g{ucose. The f{a.-SR Cabe{Ced crude 

o U lUlS incorporated 1ii th 0.5% of crude_ 0 U . The one 

{a6e{{ ed cnkie 0 if + comp{ ex nutri ent 1taS incorporated 1t-i th 

0.1% of 1tuize extract 6efore sterifization and 0.5% crude 

oU 1UlS incorporated after sterUiz:ation. Wi if e the OH_e 
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(a6eU ed 1;1 [tI.cose l-UtS incorporated wi th 0.5% g [{LCOSe before 

steri (izat ion. The ttedia 11..ere each dispe .. nsed (50 m[) into 

100 m[ f{a.shs, 1.tWUdCLte.d witft the .. fungus 0 .. 11.([ incufJ(ltr::.d at 

o 
28 ± 1 C. The iso(ate used 1-\u'S tvbtiere[(a sp. 

At definite period the cd[ nnss of the funga[ degrader 

1m:> ca.{ctr(a.ted a.s in section 2.5.1. The. ncaSllrer/e.rLt ltaS for 

23 days, and the restLCts 11..ere compared. 
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RESLJ.L.TS 

3 . 1 CH~R4CIERr 5T I cs or cOLLrcrFD SQT L SA~PU:S 

The soiCs of three 1t£chanic [ayoltts exantined both in 

the [aboratory and on the f idd had the fo[[o .... ing 

characteristics fisted belo"~ 

[able 3: 

,Characteristis of soU samples co{{ected from three nec.hanics {ayouts. 

)i te Abisture PH Temperature Particle Siz.e Vegeta.tion Structure 
o 

(%) ( C) 

c. Bosso 14 4,8 31 

I, Keteren 
gv..ari 10 5.2 32 

Northern 
bye-pass 8 6.4 35 

.2 ISOLATION A"'<D IDf .. \TIFICATIa.-

( rtm) 

0.003+2 

0.009+6 

0.090+5 

[i.tt{e 
vegetation 

tight ly 
packed 

No vegetatiott packed 

Ko vegetation [oose 

SoU 

Identi·fied 

C[ay-[oam 

Sift-roam 

Sattd-{ oam 

From the fmrphoCogicaf observation and biochemica[ tests, the fo[lovt-ing organisms 

~re ident if ied. 

1.6[e 4 

Ide.ntification of bacteria iso[ated from three site.s. 
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TESTS/CF-1A.R.ACTERS 
BACTERIA 

IN OX W UR GL 5U LA HS GA 5H !VO CA CI GL pp SP GR SR IDENTIFIED 
---------------------------------------------------------------------------------------
BIOIB + ND + + + + + R + + Baci [[u.s sp 

BI02B ND ND - ;"'D - + 1\1J) KD + 1'-;D R Envinia sp 

BI03B + 1\'D - ND + + + + ND R 1\D A{Ra{igenes 

B104B + + + + + 1\1) + + ND + 1\D R ND Aero1tonas 

3105B + + + + + + + + + R ND Pse_ndottortas 

HOiB + + + ND + + 1\D + 1\D R 1/i6rio 

:lOSB ND - + + + + + N'D + + + ND R Pro t elLS 

:bOIB + + + + + ;"''D - + ;"''D R Actin06aci{{u 

1001B ± ND - + ± + l\D E ;"'D Acineto6acter 

1001B + N'D - + 1\D 1\D - + + + R ?ill F {av06act e r i tWL 

E1" 

\i-Isolate nunver, OX-oxidase, \-P-Voge.s-prosRauer, {JR.-Urease, GL-G[ucose, 5u-sucrose, LA-

tctose, HS- H 5, GA-Gas,SH-starcfi.. hyarofysis, !vD-~btiCity, CA-c_atafas€, CI-ci.trate, GL-
2 

~[atin liquefaction, PP-Pigtf£nt proauc.t ion, 

.terminea, R-Roa + - positive, - - negative tests. 

SP-Shape, GR-Gram, SR-Spore., KD-Not 

om this tabfe it has been ShOWL that 100% of the iso[atea 6acteira liere roa shapea .ocr 

% liaS gram-ve. 1Afti (e 10% 'illS gram +ve. 
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Tab[e 5 

IaentificatioH Q£ fungi iso[atea from sites. 

~Sa.,ATE 1'-.'0. /,,[[ CROSC~ I C EXAMI Ni\J'I ON APPLARA.\"CE ON pm FLmI 

HOIF 

SOlF 

502F 

WOLF 

.002F 

IDENTIFIED 
Spores Hvphae 

Srtooth a/te{ d [ipt ie-a[ Septa.te 6rancht'.d Seria[ hyphat'. ilt Petticif [iwn Sp 
in shape. conic£iophores, 6room-[ ike fashion 

SmJoth and 
g[060se in shape 

Sphe.rica[ a/td 

Snooth 

Too ce[[ea ascospores 
.tith thick strorm 

Rough, 6[ack in 
co[our and 
spherica[ 

Thick wlf [ed 
ch[ amydospores 

aggn'.gatt'. into 
c[usters of 
ste.rigrtnta. 

Brue-green tn 
co [oLLr 

Aeria[ hyphae in Septate. branchea 
conidiophore, 
aggregate into 
c{usters of 
sterigrtn.ta 

6room-[ ike fashion Penici [{ iutrl Sp 

Green in co[our 

Non septate short A[te.rnate rings of 

hyphae branche.s Pink and 1;ihi te, {ike Fusarium Sp 
spokes in a .thee[. 

Aeria{ hyphae \i-i. th Cushion shaped and Trichodenm Sp 
conidia c[ustered bright-green in 
at the tip co[our 

septate conidio
phore that form 
vesicCe at ape.x. 
Arise from foot 
c.d { . 

Di rty 6[ uish 
appearance \thich 
t urne.a 6 [ acR .. 
Rough 

,40.5 pe. rg if {us 
niger 

Laci{ ca[uttl:'[[a. l'e[[oltish-l'J1.ite. cottony ~btiere.[[a Sp 
Large short nurtver appearattce \ti th fan-
of ae.da[ hyphae [ike zones. 
surrou.nd zygosporos. 

The tota[ nu1tver of bacteria iso{ated .\,Us 54.16% (md 

ngi .\,Us 41.68%, .thich nEans the 6acteria{ species 'tere. 

re predominant than that of ftw.gi. The. rertnin.ittg 4.16% 

s wticfe.ntified species. 
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3 . 3 ill I LI ZAT I ON OF CRUDE. or L BY THE I SaATES 

The crude oU utUization capa6iCities of a[{ the 

iso(ated organisms tl:~S ted at five different 

concentrations of the oU in lvlSM. The resu[ t is sho,ttl. 

6eCow. 

TuS(e 6 
iso[ates 

ISCLA.IT 

BIOIB 

BI02B 

BI03B 

BI04B 

BI05B 

BI07B 

BIOSB 

KGOIB 

K602B 

BIOOIB 

Contro[ 

UtUization of Cnlde oU 6-y the 6acteria( 

CO?\CEl'.TR4..TIO:.J OF CRUDE OIL (%) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ - Scant)' gro,vthj - - no gro'tth. 

T,to of the 6acteria[ iso(ates (BI02B and BI04) cou.(d 

lwt utUi:::.e the crude oiL and the rest of the iso[ated 

6acteriC'~ grew poor[y Ort the crude .. oi [ at 0.1% concentrat ion. 

As a resu[t of this inefficient tl .. tiCizatiolt of c .. rude. oU 6y 

the 6acteria[ iso[ates no further study \-illS perf o Ht£d \-"ith 
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the 6a.cteria.. 
Ta.6C e 7 

UtUiza.ti01t of Cntde oU 6y fwtga.[ iso[a.tes. 

ISOLATE CONCE~TRAT I Q\[ OF CRUDE 01 L (~~) 

0.1 0.5 1.0 ') -... :1 S.O 

BIOIF ++ +++ + 

nOIF ++ +++ + + 

BI02F ++ +++ + 

KG02F +++ +++ ++ + 

BIOOIF ++ ++++ ++ + 

BI002F +++ ++++ ++ + 

BI002F +++ ++++ ++ + 

Contro[ 

KEY: 

++++ - a.6u.ruia.nt grolt-th) +++ hea.v)' gro\t-th) ++ -

M:,-dera.te grol'vth + - sca.nty gro';ith) - - no gro'l-tth. 

From the ta6[e above it is ShOlttt tha.t a.[[ the iso[ated 

fungi greli' on crude oU at 1. 0% crude oU conc.entra.t ions 

a.nd tha.t 0.5% is the opt i1ttL11t cone.ent rat ion of cntde 0 i [ for 

the iso(ate_s. A[so) 0.1% crude oU concentra.tion WtS 

u t U i z ed 1ft) re than 1. 0% c.. ntdE'_ 0 i C. Three of the iso[a.tes 

(BIOIF)BI02F a.nd BSOIF) die£. not grow Ort crude oU at 2.5% 

c..oncentra.tiorc) ';th.ife the rest sho';ted Sc..a.11t)' gro';tth on sa.nc 

ucdium. None of the iso[a.tes grew on crude oU at 5% 

cortcetttra.ti01t. The iso[a.tes BIOOIF a.nd BI002F sho~\-€d better 

gro';t.th than the rest. These 1-\.ere fo[[o';ted 6y BIOIF) NaIF) 

BI02 a.nd KG02F) ,;thife B501F ShOl\-€d (e.a.st gro'l-tth of a.[[ the 
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Fig. x: Growth of a fungal isolate (R501F) on minimal salt agar medium coated 
with crude uil. 



iso[ates. 

3 .4 Co, PARI SON Of GRCXtTH BY THE FLffiAL I SOLA.TES ON CRUDE 

Ta6[e 8 

tIt i [i:::at ion of crude oU 6y funga[ iso[ates at 

difft::rent ti?n'. of incubation. 

ISOLA.TES GRCXtrH DIL1l 

7th da\' 14th dav 21st dav 28th day 

BlOIF 1.846 3.204 3.528 3.528 

BI02F 2.033 3.862 4.172 4.178 

J(602F 1.292 2.208 2.580 2.580 

B1001F 0.708 1.889 " 07~· "-,";""1':> 2.334 

B1002F 1.435 3.271 4.275 4.486 

Contro[ 0.194 . 0.200 0.194- 0.198 

The rate of in.crease 1n cere "ass of five best 

biodegraders is shawL above_ at 7 days' ittte .. rvaC for 28 days 

of incubation. Front the ta6[e, the opti1ftlm incubation 

period is 21 days. If BI002F had 100% C!:'..[ [ gro""'vth, the_n 

BI00IF had 54.33%, K602F had 60.58%, B102F had 95.59% and 

BlOIF had 82.75%. The groHth of the iso[ates .'vetS ·ve.ry sCow 

in the first 3-5 days, btLt the gro.tth reached the peaR va{t.Lc 

ort 21st day of incu6at ion. At 28th day of inctl.bat ion, the 

cd [ grol'vth l'vetS a( nOs t sam~ as at 21s t day of i1tctl.bat ion. 

(fig. xi). 
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3.5 CQvPARlSCN OF GRatTH OF F~AL ISOLATES ON CRUDE OIL 

Fi·ve of the funga[ oU degraders lv.-~re cuCtivatea itt 

I\6LM incorporated lti th Lagonu (ight crude 0 i ( in one set) 

G1td the otrl(:~r set with g[ucose 0I1.r.'>'. The ceCC gTo~th (gIC) 

after Q 

o 
inctL6ation for 4 ,teefZs at room temperature (28 + 1 C) is 

shaWL be( ow) 

Tab[e 9 

Comparison of growth of five ftmgaC iso(ates on crude 

o if and 9 C uco s e . 

ISOLATES GRatrH lli1l 

GLlCOSE 

BlOIF 3.429 2.575 

B102F 3.918 2.945 

Kb02F 2.780 2.400 

BlOOlF 2.681 3.176 

Bl002F 4.256 3.510 

Cont roe 0.234 0.241 

There is ge.ttera[[y nore gro,t-th Ott crude oi( compared 

to g[ucose after the period of incubation. The percentage 

of c.d[ gro·wth on g[ucose ranged bet,teen 75 - 92% if those 

of crude oi [ ,\,€re taften as 100%. (Fig. xii) 
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3 . 6 EFFECT OF rl1 A\iTJ TEIvPERATURE o.~ OJ L DEGR/\DI NJ 

CAPABILIIT OF n~ ISOLATES (PenicU Cium ~ ami 

The effect of pH and temperature on the utUization of 

crude oi ( W1S determine.d 6y lteas1.1.ring the ce( ( groltth at 

the end of incu6atiotl period. 

Ta6(e 10 

Gro\-ith of tlW fungaJ oi ( degrade.rs incubated at 

different pHs and tel/lJerat1.1.res. 

ISOLATES GRCX\IH i!Ji1l 
0 ~ 

PH TEl\PERATURE( d 

3.0 5.0 7,0 9.0 10 28t1 37 

B102F 0.195 3.665 2.370 1.490 3.440 1.610 

B501F 0.125 3.178 1.982 0.994 2,853 1. 074 

It is ShOWl from the ta6(e. above that the optinum 

condi t ions of pH ami tempera.ture for the 1.1.t i (i ::o.t ion of 
o 

crude. oU by the tliO f1.1.rtga( iso(ates are 5.0 arrd 28 ± 1 C 

respective(y. (Fig.xii) 

For pH, the tliD iso(ates 1.1.tUized crude aU at aU the 

pH nedia te.sted, 6t~t grolith liaS (east at 3.0. If gro.ith at 

5.0 is ass1.1.l1ed to be 100%, then BI02F had 64.66% at pH 7.0; 

had 40.65% at pH 9.0 and 5.3% at pH 3.0. l\hUe B50lF sp had 

62.57% at pH 7.0; had 31.28% at pH 9.0 atili 3.93% at 3.0. 
a 

For tenperature, none of the iso(ates grew at 10 C. If 
o 

grol\,th at 28 ±1 C is taken to be 100%, BI02F had 46. S% at 37 0 

C .. \..hUe B501F had 37.64% 

Gene.raUy, B102F ut U i zed crude aU non than B501F in 
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a([ the coruiitions of the experitl£nt (Fig xiii A arui B). 

3.7 EFFECT OF CQvPLEX N1JfRIENTS ON CRtIT, OIL UfILIZATION 

(A) The effect of comp[ex nutrients (serving as carbon 

souTce) on crude oi{ uti(izQ.tion 6y hw of the furtga{ 

iso[ates (Penici[[ium sp arui }"brtiere[[a sp (BI0IF attd 

BI002F] is ShOWl bero.v .vith g[ucose, arui crude oU as 

contro{s. 

Tab[ e 11 

Effect of comp( ex nutrients (as C-source) on crude oi [ 

ut U izat ion by hw funga[ 0 U degraders. 

ISaATES 

BI0IF 

BI002F 

BI0IF 

B1002F 

BI0IF 

BI002F 

Cortt ro ( 

12 

3.470 

3.930 

12 

2.970 

3.290 

12 

3.140 

3.315 

0.189 

P+BN 

2.905 

3.580 

P+l'.N 

2.255 

2.690 

P+R\I 

2.605 

2.804-

0.201 

GRG\TH( g/[ I 

BN § 

0.558 1.266 

0.567 1.200 

IvN § 

0.626 1.260 

0.630 1.231 

R\I § 

0.595 1.268 

0.610 1. 214 

0.194- 0.198 

KEY: P-Petro[euttL, P..:.'-Rice nutrient, BN-Bearts nutrient, M\

:"hi:::e nlLtrient, G-G(tLCose. 

From taS[e II, it is shorin that the 1st set corttaining 

cnLde pe-tra[eum one), had 1tl1_X.ittlWt gro.tth. This is fo[[o'vted 

by the set that contained crude petro{eum and comp[ex 
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nutrients. The set of g[ucose fo[[ol-ied, MiCe the set 

containing 'complex nutrients as car60n source on(y had (east 

gro1-vth of aU the sets (Fig xiv). In the set containing 

g(ucose BIOIF grew tttJre thatt BI002F, 6ut the re'verse ltas the 

case itt the other sets. 
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(B) The effeect of comp[ex. ntLtrients (serving as Nitrogen 

SOt~J'U:.) on CHU[C oiL utiCization by tow furL!;](1{ iso[ates 

(Penic.i[[ium sp (BIOIF) and ~brtiere[[a sp (BI002F)] is 

sholUl in the tab[e 6e[0.v .t.ith crw[e petro[eu.rn as contro[. 

Tab[e 12 

Effect of comp[e.x. nutrients (as K-source) on cnme oU 

utiCi::ation by hiD funga[ iso[ates .dth Ttuize brans as N-

source. 

ISaATES GRaVfH iElll 
+ 

r: P+?vN r: 
B101F 2.982 3.045 2.970 

BI002F 3.286 3.194 3.290 

P - Crude petro[eum in !vf)L!v[ withotLt nitrogen source 

Cotttpound 

P+?vN - Crude pe_tro[eum in Ivf)LM .t-ith nuize bran as 

nitrogen source 
+ 

P Crude petro[etWL in ~f)LM with N-SOtLrCe 

cOlttpotmd 

From the tav[ e) it is sho\itt that BIOIF grew in a[ [ se.ts) 

out Imre in the ftl"-diunt vtith nuize sen:ing as N-source. For 

BI002F) it grew a[ so i 1t aU set s and even ItlWe in the 

rredium vti thout N-source. 

GeneraUy the !tmga[ iso[ates did not recognise. the 

absence of X-source in the set up. 
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3 . 8 ill I LI ZAT I ON OF OTHER PHCs BY THE I SQ,ATED FUNJI 

(A) The grolt-th of fOtLr /tmga[ oU degraders 011. refitte.ry 

e.ffCuent and crude oU WLS compared after the period of 

incubation. 

Tab[ e 13 

Groltth of ftll1.ga[ iso[ates on re.fine.ry eff[tu'.nt and 

crude 0 U . 

ISOLATES GROttTH W1l 

B101F 

BI00IF 

Kb02F 

BI002F 

Contro[ 

CRUDE OIL REFINERY EFFLUEl\T 

3.504 2.651 

2.892 2.284 

2.978 2.305 

3.901 2.895 

0.171; 0.169 

The funga[ iso[ates had 6etlteen 74.21 - 79.67% growth 

on refinery eff[uent if grol1.;th on crude oie ltere taken to ve 

100%. From the tav(e avove, it is showL that gr01l"th of the 

iso[ates is proportiona( on crude. oU and refinery eff(tLent, 

i.e. the iso(ate that had ttnxi1tlWtgrolith on crude oU also 

grew tlost Ott refinery effCuent and the on.e liith [east gro ... vth 

01t. crude oU a(so had [east groHth on refine.ry eff[lLE'.rtt 

(Fig. xv). 

50 



,..... 
""-
0\ -

4 

If) 3 
If) 

~ 
~ 

::! 2 
UJ 
u 

, 

~crude Oil W I'LReti nery effluent 

O. .< /1 1« .£ <. «~I 

Bl002F B101F K602F Bl001F 

Fig.XV: UTILIZATION OF REFINERY EFFLUENT AND CRUDE OIL. 

-._------ --

'""" J 

r:' 

'"' 
~ 



B. Ta6[e 14 

Gro\Hh of Pe.nici[[iwtl sp (BIOlr) arm 6.niqe .. r (RIOOln 

on Kerosine, ga.so fine , diese{ and engine oU. 

ISCLATES GRGiTH( 9/ ( ) 

CRUDE OIL KEROSINE G,'\...<;OLINE DIL.';;EL ENJIt-.'E OIL 

BI01F 2.99..f O.SO 0.40 1. 20 1. 60 

BlOOlF 3.192 0.40 0.20 1. 00 1.30 

Contro[ 0.220 0.05 0.05 0.10 0.12 

From the ta6{e, it can be seen that the PHCs ~re. 

utUized tn the order Engine oU > Diese .. { > K.erosine > 

Gasofine by 60th the iso{ates invoC-ved (Fig xvi). BI01F had 

lIVre gro\".th in aU the petro{eum cOnq:Jottents thatt BI00IF. 

A[so, the growth of the iso{ates BIOI and BI001F Ott the ..... 

petro[ewrt components (ta6{e. 14) 

their gro~h on crude oi[. 
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3.9 cavPARISrn OF RATE OF GRa\'TH OF MJRTIERELLA .ll! 
(BI002F) ON CRUDE OIL. CRUDE OIL + CavPLEX N1IfRI&\'T. 

A\;TJ GLl.1::OSE. 

The rate of grolith of Nbrtiere{[a (BlO02F) on 

utUization of Crude aU, crude oU + comp[ex nlLtriettt 

(nuize brans) anci g[ucose lutS lOCaStLred at iH.terva[s over a 

28 day period. Tht~ restdt is SnOll1t or,[ow. 

Ta6[e 15 

Rate of groltth of BI002F on crude oi[, cnuie oi[ + 

1tuize nutrient and g[uc_ose. 

GRGtTH OF NORfIERELLA SF lli1l 

Crude oi[ 

Crude aU + 
nutrient 

G[ucose 

3rd dav 

0.80 

1.15 

1.35 

5th day 7th 

1.31 

1. 60 

1. 90 

da ..... 14th dav 21st aay 

1. 84 2.64 2,79 

1. 98 2.48 2.73 

2.26 2.55 2.53 

There ,\as irmediate on set of grOlith in the case of 

g[ucose and comp[r_x nutrient + cnuie aU, out ?tore in the 

cas e 0 f 9 { uco s e. lied i a (t ao (e 15). This gave a sharp rise 

in the gro)'vth CU.Flle 'li th a shorter rag phase (fig xvi 1) . 

Crude aU nedia has Conger rag phase and the rise in grolith 

curve V\.aS not as sharp as those of g{l/cose and crude aU + 

tttLtrient. Gro'ttF, ott- g{ucose n~acht:d the peak in betl\cen 7 

14 days, ana then: after began to d~~cCine. Crude oU + 

cowp[ex nutrient ltEdium's grolith reached it peak at a60ut 

21st day, though there 'iQS sCight inc.rease before [e,/e{[ing 

off. Hhife crude au reached the peak at 21st day a[so, 

because the gro'ith c_urve [eve{[ed as from the 21st day. 
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2.82 

2.89 
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C~ER FOLJR 

DISCL.ISSION 

In?\ige.riCt, Q. 11t1.jor source. of oil contarlutUttion in soi[ 

is an atLtonechanic v..or~shop .mich is fair[y tmnoticed. Since 

there. are no ndes (l.na regu[ations concerning their 

{ocations or estav[ishm2nts these rwrRshops are seen aCnost 

eve. ry,the re nanE[Y near farm[ and, source of v.ate.r e. g. 

ltater reservoir, ana a(so in the centre of the city .there 

c.i ty dwz [[ ers are exposed to this poUlt.t ion, As a 

conse.quence of this, Ute di reet and indi rect carcinogenic 

and ntLtagenic effects of PHC inf[tLence hunnn and nric.r06ia{ 

poptdatiolts as v..e[( as ttnrine d'I£[Cers. In this s twiy, an 

at tempt WlS ttnae. to de.tertttine the petro[ eum degradat ion 

capa6i City of those microorganisms that are forcefuC [y or 

na.ttL1'a[ [y adapted to the PHCs in soi (, 

The soU samp[es .ie.re co([ected at a depth vehl£en 15-

20cm oeCatLSe of the vacte.ricida[ effect of stLn[ight, and 

inadeqtLate noisttLre dne to evaporation on the surfa.ce, 

A[so, if any, solte ·mic.roorganisms might 6e feeding on sonE 

sa.rface fitters, those are not rea((y PHC 6iodegraders. The. 

fact that the percentage of species of bacteria (54.16%) tn 

oU contaminated soU ,tas higher than ftirLgi (41.68%) is not 

a6nornn[ (ta6 (es 4 aId 5). Ordinari {y, a free non-

contaminated soi[ is expected to have higher popu{atiolt of 

6acteria{ species than fungi as reported 6y A( exal1der 

[1977] , A[so, in this type of oU-contanrinated soU, the 

concentra.tion of crwie oU and other PHC prOdtLet5 is not higr •. 
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The inabiCity of the 6ac.teria{ iso{ates to degrade 

crude PHC efiicientfy (ta6{e 6) conforms to an earfier 

study by At {as [1981] and Boss e .. rt an.d Bartha [1984] that 

f ung i (t aM e 7) are nore predominant oU deg1"aders in soU 

environm:~nt than bacteria. The presence of bacteria at 

tnes~, site.s cOll(d be tha.t they are sec .. ondary degraders, and 

feeding on the prodtLcts of the. activitie .. s of prinury 

deg rade r s, vth i cn ftU)' be the f uttg i . 

Not nuny studies are avaia{b{e Ott funga{ aU 

degradation lthieh 'nukes this ltork 'very important since 

current emphasis on integrated oU po{[utiott abatem:~nt is 

microbia{ seeding, or {and farming [Bossert and Bartha, 

1984] . In this study, the opt inn{ concent rat ion of LagortU 

fight crude oU in Iv6LM for jungaC degradtion ltaS 0.5%. This 

is in contrast to a report oy Bossert and Bartha [1984] that 

stiltldation of microbiaC activity is t,nhanced up to 5% {ever 

of hydrocarbon (though in soi ( environncnt). Above 0.5% of 

crude oi C itt l\-tiLM there .. vtUs reduct ion in grotvth up to 2.5% 

of crude .. oir, and there ltaS no gl"01tth for a{C the .. isoCates 

at 5% crude PHC COHcentrat ion (tab{ e 7). The increase. in 

concentration of crude PHC C ikefy interfere .. a tii tF.. ncdium 

aerat iott, hence degradat iOt~ eouCd not OeCtLr because it is an 

oxidat ive process. A( so at higher concentrat iOlt the PHC 

couCd be toxic to the 7IIi croo rgani s ms . Be(ow 0.5% 

concentration of crude PHC, tne. reduction itt ce{[ gro-;ttn 

might have been attribtLted to the attouttt of substrate 

avai (a.b( e. The hto species of Penici{[iunt (B101F and 
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B102F) exhib i t.ed sa7tC anount of grollth, but in case of 

AsperqUCus strains, B1001F exhibited a superior abUity in 

aegnlC{ing cri1d,,~ PEe than KlOIF (taD( c 7). 

The fi've best funga[ oU degraders had different rates 

of crude PHC utUiz:ation \Ihich yiefded different ce{( tm..ss 

after op t i 1Il1..rtL i ncu6a.ti on peri OeL. wt of f i've 

6iodegnuiers, B1002F had best PHC utiCi:::.ation of 100% and 

B1001F had Ceast of 54.33%. U~spite the differer..c..es itt ce([ 

nnss, aC( the. funga( iso(ates had sa7tC optilllL1fL period of 

inc.u6at ion of 21 days. The increase in ce[( nnss after 

21st day of incubation \IlLS negCigi6Ce for a{( the iso(ates 

(fig xi). Their gr01l:th reached peak va[ue 011. 21st day of 

inelLbat ion. 

~\ft.ett utUization of crud/;; .... PHC and g(ucose by the 

isoCated fungi \IlLS compa.red (fig xii), it \IlLS found that 

enLde PHC yiefde.d lmre c/;;:(( nnss than g(ucose at the /;; .... rui of 

incuuatio11. IJeriod. This nny De that gCucose 6e.ing a readUy 

utUizabCe SUDstrate \IlLS attack.ed and used lLp irlU/cdite(y, 

arui afte.r sortctincs the ce([s started (ysis resuCting into 

{o~ier cd{ rm..ss at end of incu6ation period of 21 days. For 

PHC, ut iCi::.at ion \tits not instant oecause then' 1\aS the need 

for the iso(ates to adapt, herLc.e it .illS 110t e;l.:iialLste.eL 

i?lltlcdiatdy and \\itS aVtlUab{e for ce{( gro.tth ti{( optinum 

incu6ation period. 

pH 1-IlLS found to have drastic effect 01L crude oU 

deg radat iOtt. Di66(e altd Bartha [1979] have re.ported {ow 

nude PHC degradation 6y bacteria itt acidic soU. Hanvr ick. 



et a{. and Atttai [1990] a[so reported {ow crude PHC 

degradation 6y 6acteria{ iso(ates at acidic pH. Here., a( { 

the soiC:; ,tete of o.cidic rE'.9ion (tal){e 3), 50 the. 

indigenous bacteria nay not be adapted to using crude PHC 

as carbon artd e.ttergy sonrce. in acidic soU as e.fficientCy as 

fling i . This nny oe one of the reasons ,thy the oacteria 

cOldd nDt use crude. PHC at hight~r concentration efficientCy 

Uke fungi. 

The funga( iso{ates utiCiz.ed crudt~ PHC at aU pHs 

tested ,\lith tmximwL at pH 5.0. There \'IUS rtore gro'i-th at pH 

7.0 (neu.trae) cOltrpa7'ed to that obtained at pH 9.0 and pH 3.0 

(fig xiii A) tt-ith 3.0 yie{di.ng {east gro,t-th. This suppa rts 

earCier 06SerVtltions of Bossert attd Bartha [1984] artd Di66{e 

and Bartha [1979] tha.t fungi degrade aU nost efficientCy in 

ac id i c ned i urn. HO'ieve.r, they can a{so degrade aU in non-

acidic n¥:'..dium (up to pH 9.0) but ttot efficient(y. Fusar ium 

sp. (BS01F)'Aft.ich tLtiCiz:ed crude PHC poor{y (ta6{e 7) ,ms 

tLSed in this test to see if change in pH cou{d enhance its 

aU degradation capabiCity. Though, pH 5.0 had retruined the 

optiltll1tL cormitiott, hettce no effect on change of I)H for 

F us a r i unt s p . 

Another paran£ter tested arm found to affect ttticr06ia{ 

oiC degradat ion is temperature (fig xi i B). At 
a 

temperatures (10 C) funga( degracia.tive capaoiCit;y 

{ow 

WlS 

arrested. Optiffllut grott-th >i-aS 06tained at room temperature. 
a 

(28 + 1 C) and higher a60ve. that aU degrading capa6Uities 
o 

reduced, e.g. at 37 C cd{ gro'ith ,ms {ow. This is in (ir.e 
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"t-ith accCan-cd "wrk. of Di66[e arui Bartha [1979] and Bossert 

and Bartha [1984] that 6est condition of temperature for 

llU;d 1I1L11l funga( act i vi. ty is the ltCS oph if i c range .. 

Comp[ex nutrients (nuteria[s of naturae origin) 

genenlf [y contai.n prect/rsors) vi t a.l1Iitts , E' t c 11/1. i. cn can 

pronot e. mi cr06 ia( g rOltth 1,tFten they are us ed "ti th 0 t her 

carbon and energy SOtLrces. In this study, rie.e 6ran, 1tuiz..e 

6 ran, bean [us k.s "ie re us e.d wi. t h e.rude PHC in !v6LM. It has 

6ee_n sho"m (tab(e.15) that "Ihen crude oU 

1futeria(s used as e.ar60n SOtLre.e, the grolt-th of iso(ates .tere 

a(nl1st the sane as of e.rude petro[eu1tt tLsed on[y as e.ar6on 

SOtLrCe, and g (ue.ose Ort[y. From tab( es 11 & 15 and fig xvi i 

it cart 6e e.oncCuded that the grolt-th pattern of the iso[ates 

is a[rrDst the sanc, except the difference in rag phases. 

Hhert comp(e..x nutrients "ms used as nitrogen SOlLice. rE'_p(ae.ing 

NruYO (ta6[e. 12) , it "ms fourtd that the g ro\\.th 
3 

"ms a[ ltOSt sane in the three cases "tFte re there ,,\.as no Na~-O 

,me ret he re "\-\.as NCL.\iO ; and "there comp [ex nut ri ent rep [ae.ed 
3 

3 

NCL.\iO. Lack of mirteraC e[etlents eg Nitrogen, SU[phUT I 

phosphorous is said to be. a (imitation in PHC biodegradation 

[AUn.s 19S1, Bossert a.ltd Bartha, 1984 arui Antai, 1990), btLt 

crude PHC contains snu[ [ (W1JtLnt of ni t rogen - o,\:ygel1. - and 

su[phur e.olttairting compounds [GtLtnic.k and Rosenberg) 1977 

and Bartha, 1986]. Therefore, a [a.rger anl1unt of e.rude PHC 

nuy be required to detect the {imitation of nitrogen. 

From fig itv, refinery eff[uent, a .mste 'product of 

petro[eu1lL refinitLg yie[ded Cess gro.ith of the ftLrLga[ 



isoCates compared to crude POCo This agrees liith Bartha arui 

Bossert [1984] that refinery effCuent contain chemica( 

compowuis lift.ich are toxic to nucroorganims, arui therefore, 

affected their grolith. Or the anount of utUizafjCe carbon 

su6strate liltS not as to stl.pport enough groll"th as crude PHC. 

The petro(eurn. cotllpoltents - gaso(inc, kerosine., diese( 

and engitte oU gave Cess grolt-th compared to crude PHC (fig 

x'vi) . The e/drene. diffe-rence itt ce[( tlUSS might be due to 

vo(atiCity of the components. They are fighter coltlpouru.:is 

and might have'- e_scaped in gaseOtLS form into the atrt-osphere 

thereby ttuking them urtavaUa6(e to the microorganisms. The. 

heavier ones had nore growth than the (ighter ones. This 

confirms the liork of Bossert and Bartha [1984] and Singer 

and FirLlterty [1984] 
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C"HAP'TER FIVE 

For the l)llqJOSe of iaenijicotiol1 tne iso{atea 

mic.roorga.nisms ltere c.oded in the (a60ra.tory. Funga.[ 

isolates exhibited higher efficient uti(iza.tion of the 

La.gotlfl {ight crude. oi[ thatt the 6acteriaJ iso[ates, thOtLgli. 

tf.e bacterial isolates ltere 1mre in nwtver (54.16% and 

41.68% respectively). The use of bacteriaC isolates for 

fu.rther studies l\US discontinued in respE'.ct of their poor 

utiCiza.tion ca.pa.6iCities of the petroleu1lthydrocar6on (PHC). 

The. optiffllnt conc.entration of the crude oU in Minino{ 

SaCt lVtdiu11t (M;M) for fungaC groltth WlS a.t 0.5%, v.hiCe the 

optiffllm incuba.tion period linS 21 days. In terns of pH QJ~ 
o 

te.mperature, the fungal isoCates re~luired pH 5.0 a.nd 2S±1 C 

respectively for optifftLnt grolith. 

Comp[ ex nut ri ent i nt roduced int 0 the ned i Ultl a.s ca.r6on 

soul'ce infCuenced crude oU 6iodegrada.tiort, but lthen it l\uS 

u.sed a.s nitrogen SOtiree there \\Us ttO a.ny effect. The grolith 

pattern of the isoCates on cntae oil, crude aU p{us compCex 

mLtrie.nt, a.nd gCucose in p-'6MltaS the sat1~, e.xcept for [a.g 

phases lthicn 1W.S differe.nt for ea.ch rrediuttL 

AU the iso[oud fwtgi. that tLtiCize.d crude aU a{so had 

the capa.6iCity of tLtifizing othe.r PHCs - re-!inery t~ff[tLetLt, 

ga.so Cine , keros ine, diesel a.nd engine aU. 
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In the foC [o1ting suggest ions 

re.cottfn?.nde.d: 

Gove.rtttf~nt· slioufd se.t aside. spe.cia( site.s for 

autott~clianics and efforts be ttMe to contain tlie "\illst€. oU 

(used in tliese. p{aces); attd arra.t1.genents be Hade. for tlie 

l l foper disposa( of tliese l\astes. 

Stud i e.s s liou( d 6 e wtde. r t aReH to see t lie e·ff ec. t oft lies e. 

po[{utants arouTtd tfte. sites, eg Potdtry, crops, a.quatic 

i11..fta.6ita.rtts and iH:verte.r6ra.tes nea.r a.tLton~cfta.1tic .... wdzsliops. 

Fung i is 0 ( at ed from t lies e .... \0 r RS Fwps 1m), be us ed 

de.aCing .... \,ith oif poUt~tion Olt fand (soU) 

To a.rre.st aU poUution 6io[ogica.[(y, a. cliea.p and nore 

readify utifi::..a6{e sllbstrates 1fUY be introduc.ed to 

iftc.re.a.se. the cd( nnss of oif utifizi11..g orga.nism, 

ittsta.ntfy to i11.. tti.rn attacR the. PHC. 

A study 

de.gradi11..g 

be wtdertafzen to i1tq)rove gettetica[(y 

capa6ifity of t fte:; e. oU 

microorganisms. 
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