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ABSTRACT

A total of 24 nicroorgarnisms uwere isolated from waste oifl
contaminated soil of three automechanic worfshops in  Muna.
Out of this number, Dacterial isolates constituted 54.16%,
fungal isolates was 41,68% and unidentified species was
4.16%. Two of the bacterial isolates {B102B & B104B) could
not utilize crude oif{ (Lagomn [ight) at 0.1% concentration
it MSLM, while the vest utilized the cil poor{y at the sane
concentration, Afl the isoflated fungi uti{ized the crude oif
efficiently, except at figher concentration (5%) which
infhibited growth., The fungal isolates fiad optinuwm growth at
0.5% concentration of crude oifl in MLM and was a[éo
observed that the optinum incubation period was 21 days.
Their growtfh on crude oil, complex nutrients and glucose was
simi{ar except for the (ag phase which was different for
each of the substrates. In MIM, the fungi were able to use
the crude oil as carbon and energy source, their growth
being almpost same with and without Nitrogen  source
supplement in crude oil incorporated into MILM The fungafl
isolates preferred acidic pH for Lagoma [ight crude oif
utilization with waxinuwm at pH 5.0, The optimum condition
[»]
of temperature was at 28 + 1 C for crude oil utilization by
the fungal isolates. Isolated fungi that degraded crude
oil aflso had the capabiflity of utilizing refinery effluent
ard other petroleum conmponernts — gasoline, kRerosine, diesel

and engine oil. However, crude oil was wutilized mwore



efficiently than efff{uent and other petroleum cottponents,

In view of their abiflity to utilize crude oil as carbon and
eneTygy source, these microorganisns unay be used in

mitigating oil spilfls in the envivonment,



CHAPTER ONE

INTROODOUET T ON

The denand for petroleum has beer on the increase not
onfy as an ewnergy source, but also as raw naterial in
chemical industries for production of pharnaceuticals,
agricul{tural chemicals and feeds, plastics, cosmnetics,
detergents, fibres and other polymers [(ike f{ubricating
agents, stabilising agents [Gutnick and Resenberg, 1977
The proportional increase in the production, refining arnd
distribution of the petroleum in order to fulfil the on-
going dewand has brought an ever—increasing prob[eﬁt of
envirenmental pollution., According to Bartha [1986], wor(d
wide, over 2 billion metric tons per annuwm (mta) of
petrofeum are produced, and it has been estinnted that 1.7 -
3.8 mnea. i,e., 0.08 - 0.4% of the worfd production end up
palluting the oceans, No comnparable estinmates have Deen
worked out for terrestrial opetvoleum hvdrocarbon ({PHC)
pollution but considering that the greater part of petrofleum
is produced, refined and utifized on f{and, the resulting
routine, accidental and iflegal discharges are [ikefly to
equal  {f mnot exceed the figure cited for the marine
erviTonnent, Both in the warine and the terrestrial
environments, the {ow [evel routine discharges (effluents,
urban run off, cleaning operations, oif treatnents of roads

for dust control, etc) account for probably over 20% of the



total  PH pollution, Production and transportation
accidents  such as well blow outs, tanker disusters, and
pipeline breaks account for only 5-10% of the total PHC
discharge, but because of their drastic and Aighl{y visible
{ocal effects, press coverage and public attention 1is
focussed disproportionally on these types of incidents.

As  pollutants, PHC occupy arn intermediate position
between  highly biodegradable, biogenic and  highly
recalcitrant, xenobiotic substances. Though, biogenic in
origin, PHCs have been altered greatly by geochenical
processes and often also by refining. For mifllions of
years, PHCs entered the Eiosphere only in a {ocalised and
rather gradual manner due to natural seeps and erosion. The
resulting sporadic exposurves allowed for the evelution of
sone fyvdrocarbons biodegradation pathways, but globally PHCs
exerted [(ittle selective pressure until the 20th century
when nan’s activities radically increased the exposure of
the bGiosphere to PHCs, Hence, the renpval of the petroleum
and its products that are accidentally or deliberately
spiflled into the environment beconme of great inportance,
The developed countries, [ike USA recognised the dangers and
had subsquent{y takern a nunber of weasures as early as 1920s
to reduce the problewms [Bartha and Bossert, 19847,

In Nigeria, oif is produced mostfy in eastern part, so
massive movenent of oil occurs for refining and comnsunption
purpose throughout the country, Also ancther fact is that

it is not the mnjor oif consumer, though it is one of the

ro



tajor oil{ producing countries. Oifl exportation involves
feavy transportations of oifl from refineries to ports.
Hence, theve have been frequent repovts of oil spif{fages
irvolving  blowouts, and [eaRages from pipes and oifl wells
into the environment, since oif production began in 1958
[Obire, 1990 and Ogoke, 1992]. Other spillages come from
accidents invofving oil tarnkers, oil prospecting, as wefl{ as
discharge and wash waters from the tankers, Considering the
adverse  effect of the pofllution on the environment
therefore, scientists in different parts of the country are
now cotcentrating omn studies of different suitable oil

disposal methods,

1.1 NATURE OF CRUDE OIL AND REFINERY EFFLUENT

Crude o0il is a naturalfly occuring and extremely conplex
mixture of Aydrocarbons including smaf{ quantities of
conpounds that contain oxygern {Phencl, naphthanic acid),
sulfur (aflkylthiol, thiophene ) and nitrogen  {Pyridine,
Pyrole, Indofe), as wel!l as troce ancunts of wmwetallic
constituernts [Gutnick and Rosenberg, 1977 and Bartha, 1936).
Its complete resoflution is very unlikely to be ever achieved
because of the tremendous number of 1someric structures with
sinifar physical and chenical properties especialfly in the
higher boiling fractions of petrofeum [Bartha, 1936],
Gutnick and Rosenberg [1977] reported fractionation of crude
oif{ with respect to mofecular size {by distillation) and

polarity (by adsorption chromntography ).



Distillationn gave fractions containing a mixture of
compounds  of similar nolecular weights, DOut representing
all classes of hyvdrocarbons, They include gasofline,
kerosine, gas oifl, [ubricant and residue {Tabfle 1). Using
silica gel chromntography, the crude oi{ gave asphaltic or
pelar, saturate or aliphatic and aromntic fydrocarbon
fractions., DPHC within the saturate fraction fiave rn—alkanes,
branchied alkanes and cyvcloalkanes ({naphthanes). Alkenes
{unsaturated analogs of alkanes) are rare in crude petrofeum
but occur it nary rvefined petrofeum products as a
consequence of ’cracking' process, Increasing carbon
nunbers of alkanes (fowology),variations in carbon chain
brarnching {Iso—alfanes), ving condensations, and Intercfass
conbination {e.g. phAynyfalfanes) account for the enornous
nunbers of fAydrocarbons that occur in crude petroleum

[Bartha, 19867,

Table 1- Fracticnation of crude oif by distillation,

Fractiorn Boiling range (%} Volume (%) C-atom

1, Gasoline 40 - 180 30.5 5 - 10
2, Kerosine 180 - 230 9.5 10 - 13
3. Gas oifl 230 - 300 14.5 12 - 17
4, Lubricant 300 - 400 17.5 17 - 26
5. Residue > 400 25 >24

Gutnick and Resenbery, 1977,
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Refinery effluents wvary in composition and concentrations. They
contain organic and inorganic notter, heavy metals, and sulphides.
Compounds (ike pyridine, thiols and phenofls are also found. Some  muy
cortain floating and enulsified hydrocarbons, phosphates used in softening
water, and chflorinated Ayvdrocarbor generated in the refining operations, and
sludge [Bartha, 1986 (tabfe 2}.

Table 2, Composition of refinery effluent.

Particles Meart concentration (mg/[)
1. Suspended solid 350
2, Sulphides 5.8
3. Phenofls 27
4. Ol 57
5. Ammonia nitrogen 87
6. Phosphate 49
7. Chromiwm | 0.5
8. Chlorides 310
9, Cafcium carbonate 180

MFRinney, 1963,

Table 2, Composition of refinery effluent,

1.2 IMPACTS OF QIL POLLUTION

Oif pollution presents a sevious problem, and the
toxicity of crude and refined oils on the environment -
huran, [(ivestock, wildlife, crop, soif{ and microorganisns
fiave been well documented [Coflwell and Walker, 1972; Rayuond

et af, 1976; Atflas et of., 1978; Amund and Igiri, 1990;

[}



Ogoke, 1992 and Antai and Mybomo, 19937, The pollutants
some of which are toxic cowmponents eventually get to the
plants and aninals via food chain when they enter into

f, amoil spil{ Rills

[

sources of water and soil. T so
the herbaceous vegetation of the affected area immediately.
Trees and vwoody shrubs are destroyed nore slowly via their
TCot  System. The mecharism is in part contact toxicity to
fine roots and root hairs, and also the effect of the anoxic
conditions that develop in oifed subsoil [Bartha, 1986].
Biodegradation activity deprives plant 7roots of vitaf
oxygern, In aquatic envirvonment, oifl spil{ spreads over the
surface of water forming ‘oil-sl{ick’, The slick prevents the
passage of oxvgen as well as reduces the penetration of
{ight {sun), thus depriving aguatic organismns of the above
two vital tneeds, Photosynthetic organisns die off, while
arcerobiosis sets in producing toxic products [ike H S that
)
results into foul odour of the environnert. The toxic
products could accunulate to inhibiteory (evels FRilling
aquatic animals [(ike fish. Crude oil contains nutagenic,
carcinogenic  and growth inhibtory chemicals [Gutnick and

Rosenberg, 1977 and Bossert and Bartha, 19384]. Directly,

these carcinogentic and mutagenic conponents Ril{ the
artinals {Coonexr, 19284]. Lack of oxygerm penetration imn part

starves the animals to death,
Apart  from being directly toxic, some of the products
from biodegradation of PHC could be toxic. Barthe and Atlas

[1977] reported that C - C alkanes were mnot toxic tc a
5 9



certain population of bacteria, but the alcohols of these
conpounds were inhibitory. It is also Rnown that addition
of fAydrocarbons to an ecosystem vny resuflt into seflective
increase or decrease in the size of wmicrobial populations,
This is fowever dependent on the composition of the
contaminating Avdrocarborn, ard ot the  species of
HLCTOOTJArisns presetit witfiin that coneruni ty

[Colwel and Walker, 1972; Atlas et al 1978; Federak et af

1984; Bartha, 1986 and Muna et af 1

0

93). The ecosystem is
enriched primarily for microoganisms capable of wutilizing
the  hydrocarborn and secondarily for those capable of
utif{izing metabolites produced by the hAydrocarbon—utilizing
nicrooTganisms, The enrichrent results into increased
nunber of both the primary and secondary biodegraders which
gives an overall increase in the total population of
ecosystem, On the other hand, some of the hydrocarbons [ead
to a decrease in microbial population [Mnna et al. 1993

and Sifkena arnd De Bont, 1993), Atlas et al, (1978} found

that rate of algafl photosynthesis and wnitrogen fixation
decrease in the presence of crude oifl, Cottpournils {iRe
toluene and phenol which are petroleum conponents have been
used as disinfectants,

Toxic wvolatife conponents that are bacteriostatic are
also found in crude oils. The inhibitory effect is not onfly
characteristic of the chemical nature of the hAydrocarbons,
but aflso the Rind of microbial populatiorn, The effects are

it addition influenced by their sofubi{ity and

84}



concentratiamn, Sone of the wmicroorganisms sfiow neutraf
resporse to PHC contaemination, thus their size nny renain

unchanged [Bartfio awd Atlas, 19777,

1.3 APPROACH TO PETROLEUIM AND WASTE, DISPOSAL

Present{y, a nunber of approaches to PHC pol{fution are
avaifable, and  sone of the tethods used include
ineineration, fand disposal (e.g. {and fills, surface
irpoundments, use of waste pipes and underground injection

wells) and fland treatment {or fand farming) [Bartha and

o]

Bossert, 19347,

Except {and farming, afl the methods are not associated
with ﬂdcrobiq( netabolism, hence the recycling of petroleumn
ard  its waste in the envirvonwment is  Aindered, AMbreover,
they are mnot economically atrractive, and have other side
effects, For exanmple, there is gaseous enission into the
atnmosphere from incineration, and use of (and fills and
irnjectionn well{s could be hazardous to ground waters and
streams. These effects would need separate attention.

Land farming is a rvecent and widely used approach to
disposal of PHC and its products [Bartha and Bossert, 1984
and  Bartha, 19367, It relies om soil wmicroorganisms to
degrade and eventually stabilize the PHC pollutants by
mineralization, It is cost—effective and does not involve
high-skifled technology, mwnnking it acceptable and suitable

especialfly for developing countries, This microbioflogical



approach to the problem of PHC pol{ution Decome possible in
the fight ’ of energence of information  concerning
Avdrocarbon—utilizing microorganisms; the specificities of
the microbes with their fAydrocarbon substrates; and sone
specific mnetabolic transformations that result from this
interaction [Guitnick and Rosenberg, 1977)._ Micrebial
degradation is an ‘opern’ svstem which plays a najor rofle in
the weathering process [Atf{as 193817, The biodegradability
depends on the nature and chemical composition of the oif,
the microbial community and on environmental factors to
degrade, transform or immvbdilize the Aydrocarbons in  the
soil [Obire 1990; (Ogoke, 1992 and Shefer, 1992]. thiike
other methods, {fand farming has no physical barrier,
therefore  organic comnpounds are converted to ninerafl
comstituerts and  Runuis, heavy metals are bound  or
precipitated, and hazardous wastes are rendered harmless or
are not separated from the environment, instead feaching is
nmininized by soil process [Barthae, 1986 and Nil-Mn Wi and
Grogory, 1983},

Apart from the physical, chemical and Giological
factors, biodegradation of PHC products can only cccur if

there is a 2-phase oil/vater system, but the actual anournt

[

of free water can be very sunll, The degradative process
cann bBe classified according to the auourt of free woter and
nutritional status of the petroleum product, but there arve
mary  variations, within  these classes, The first

degradative category is exemplified by those of fuel oils,

10



particular{y (ight oils, The water phase is swall in
refation to‘fue( phase. The fuel is nutritionally sparse,
but it turns over rapidl{y, a new nutriernt interface is
repeated{y and frequentl{y presented to the microbes in the
[fower water phase, There is [ittle chemical change in the
fuel itself because of the short contact tine, The second
category is where a swnl{ water phase is irn contact with or
dispersed through the oil phase, the oi{ is nutritionally
adequate and conplex, and the contact time is weeks, nonths
OT  evern  Years. This category is typified by microbial
degradation of fubricating oifs, Aydraulic oifs, and
straight cutting oils, In the third category is oil in
water—emulsions, the nutritionally rich oil formulation is
finely dispersed in from 10 — 100 tiwes its volume of water,
fertce presents an enormous interface that stimulates rapid
microbial growth, Oif{—-in—uater emelsions are typically used

to cool and f[ubricate netal-vorking process,

1.3.1 RECENT STUDIES ON PHC BIODEGRADATION IN SOIL

The biodegradation of PHC in mnatural ecosystem is
complex, however microorganisuns have the ability to utif{ize
petrofeum as sole source of carbon and energy [Federak et af
1984; Tjah and Ukpe, 1992; 1Tiah and Essien 1993 and Antai
ardd  Mgbowo, 1993]., These organisms widely distrifuted in
nature are not restricted to a few genera, because a diverse
group of bacteria, yeasts, fungi and algae have Deen
inplicated in PHC biodegradation 1in fLoth aquatic arud

terrestrial habitats. Bossert and Bartha [1984] fave found

11



22 and 31 genera of bacteria and fungi respectively that

are biodegraders itn soil ecosystens, Atlas [1981] established
that bacteria awd yeasts seem to Ge norve  dominant
degraders in soil ecosystems, Ijah and Okang ([1993)

determined the rate at which bacterial 1isolates from
trapical rainforest sot! could degrade Bomny [ight crude oifl
drilled in the area. On sane Bonuny (ight crude oifl, Antai
and Mibono [1993] studied the pattern of its degradation by
Bocil(us sp. and Pseudonpnas

sp. isolated from oil spilled site, The oability of
bacteria isoflated from crude oil polluted soil to degrade
pesticide (eg Nuvacron 40) was imvestigated Dy Ijah and
Essien [1993], A study of the refationship betweern crude oil
quality and its biodegradability by compairing the efffect
of growth of pure and mixed cultures of bacteria obtained
by soil enrichment on the compositiorn of crude oifs of
different quaflity, and the effect of tewperature on this
refationship was carried out by Jobson et al (1977). Antati
(1950) studied the extent to which temperatures, pH,
nutrients in the soil during the dry and rainy seasons in
Nigeria affect crude oil degrading ability of twe crude oif
degraders (Bacil{lus sp.and Pseudonvnas sp.) isolated from a
crude  oif spiffed site. Two strains of Bacillus {(28A and
61B) were isofated fromoil spif{led soifl by Ijah and Ukpe
[1992) and efffects of nitrogen supplements was tested on

their biodegration of crude oifl. Atflas et af. [1978]

examined the ability of Tundra soil mnEcroorganisms to



degrade crudg_oif. Dibble and Bartha {1979} carried out an
extensivelstudy on the effects of environmental{ paraneters
ot the biodegradation of oil sludge, Also, Bossert and
Bartha  [1984) studied  the  structure-fiodegradability
refationships of polycvclic aromatic hvdrocarbons in soil,
Raymowd et afl [1976] defined the nognitude of the
stinufation of specific hydrocarbon utilization flora in
soif after the addition of six different oils to smwnlf{ field

plots.,

Atlas [1981] showed that several fungi exhibit nore
efficient degradation of PHC than bacteria, Some of the

bacteria encountered incfude Pseudonmas, Archromobacter,

Arthrobacter, Flavobacteriun, etc., For fungi,Penicifl{ium,

Aspergifllus, Verticil{ium, Fusarium etc fiave been

denonstrated, Rhodotorufa, Candida, Sacharomyces, etc are some

of the yeasts involved, while Cerninglia ard Perry tested and

found some algae {e.g.Anabaena sp,Chlcrella sp, Mecroleus

sp. etc) are capable of Avdrocarbon degradation.

1.4 MCHANISM CF BIODEGRADATION OF PHCs,

Studies to determine the metabolic pathweys for PHC
degradationn Aave been undertaken, and a nunfer of reviews
are avaifable, The n—afkanes are generally mwost readily
degradable conponents in o given nixture of PHC [Atlas
19817, Their degradation is an oxidative process and
proceeds with a mnonoterminal attack on the chain by

introduction of wolecular oxygen into the molecule by the

13



action of  oxygenrases. Hence, the presence of free oxyvgen
is important. -A.prinnry afcohol is formed which is followed
by aldefvde with subsquent formtion of carboxyvliic acid
[Gutnick and Rosewnberg, 1977; Singer and Finnerty, 1984 and
Bartha, 1986), Further degradation on the carboxylic acid
is by @—oxidation which resuflts into a 2-C unit shorter
Fatty acid and acety{ coenzyme A, with eventual [(iberation
of carbondioxide and water (  figs II and II11). Extensive
nethyl branching interferes witf the B-oxidation process and
necessitates diterminal (Omega) oxidation [Roynond et afl.
1976 and Bartha, 1986]. Subterminal oxidation nay occur
producing secondary alcohols sometimes, and subsquent{y
ketore formmtion, but it is not the primary pathuway for n-—

alkane degradation, It is rather used by wany fungi (nolds)

and certain yveasts excfusively, (fig I\U.-
CH CH CH CH CH
\3 0 | 3 \3 | 3 \3
2
({CH) ---—->{(CH) --->(CH)} -—->{(CH )} =--——> {CH) ——~>(3‘—oxic£ation
2 14 ' 2 14 2 14 | 2 14 2 14
CH CH 00H CH OH CHO CHOOH
3 2 2
(a) (6} (c¢) () (e)
Ken
a - n - hexadecane b— n — hexadecylhydroperoxide c—r—

hexadecarno! d- n-fhexadecylaldefivde ¢~ n—hexadecanoic acid

Fig II  Proposed pathway of fexadecane metabolism in

Acinetcbacter sp.
Singer, 1934,
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+
RCHCH + 0 + NAD(PJH+ H —-——> RCHCHOH + NAD(P) + HO
2 2 o 0

2 3 2 . 2 2z 2

Fig, III. Mechanism of Ovidation:

Sirger, 1984,

CH CH CH CH CH CH
\3 0 l 3 \3 3 \3 \3
2
(CH) -—>(CH) ——>(CH) --——> (CH } --——> (CH ) ~--->{CH )
2 11 210 210 29 29 29
CH CH - OH C=20 CH CH COH COCH
3 | | 2 2
CH CH (e) (g)
{a) 3 3 ? +
(6) (c) C=0 CH COOH
3
CH (f)
3
(d)
Kev a - n-tridecane 0 - tridecan-2-of c- tridecan-2-one

d - undecylacetate e— undecan-{-ol §f - acetate
g - undecanoic acid
Fig.IV Pathuway of Subterminal attack by Pseudoronas

Sirnger, 1984

Highly branched isoprenoids {ike pristane undergo Onega

(diterwinafl) oxidation (Fig. V) te form dicarboxviic
acids as the sajor degradative pathuay. This results from
the productionn of extracel{uflar products e.g. alkane

hydroxylase. However, nethy{ branching increases resistartce
1993
of PHC to microbiafl attack [Audreoni et al. ]. Cveloalkanes

are resistant to microbiafl attack, but are substrates of co-
oxidation [Mowna et afl, 1993 and Sikkenno and De Bont, 1993)

forming ketone or aldehyvde. Once oxygenated, degradation



can proceed with ring cleavage. Substituted cycloalkanes
are [iaéfe to degradation nore readily than unsubstituted
ornes, especialy 1f the substituent is an mn—alkane of
adequate chain f{ength, Nornally, the substituent 1is

attacked first f{eading to an internediate product of

cyelohexane carbeoxvlic acids or related compounds. (Fig. VI)

2

CH CH CH CH CH OH CHO COCH
3 0 3 3 3 2
\ o \ | \ \ |
(CH) =--=> (CH) -—=> (CH ) ---=> (CH ) =---—> (CH )} —-—=>(CH )-——>(CH )
2n , 2 n ] 2 n \ 2 n 2 n / 2 n 2
CH CH OH CHO COOH COOH COOH COOH
3 2
3 {b) (c) (d) (e) (f) (g)

)

a - n—alkane b- primary fatty alcohol ¢ - Fatty aldehyde
d - Mmnocarboxylic fatty acid e — w-hydroxy fatty acid
f - w afldefivde fatty acid g -~ dicarboxylic acid,

Fig. V Pathway of diterminal alkane oxidatiorn,
Singer, 1984

COOH

QH O (@) l

f " 1"

y ) . (CH )
(/\\_jZL;{Zvij.____;( \T.,—wﬂ > 9 . - 204
kv/ ' :\MJ ~. |

COOH

Fig. VI Proposed pathway for the catabolism of cyclchexarne
by Nocardiag sp.

Perry, 1984

Aromatic  hyvdrocarbons have gained  notoriety as

environnental polfutarnts that are resistant to

biodegradation [Bossert and Bartha, 1984 and Mifler et al

1983]. Microbial degradation invelves formaticn of o diol

i6



fo[[oued‘ by . cleavage and formntion of a diacid such as

cis,cis—nmuconic acid {Fig. VIiIl), Light aroratics are
subject to  evaperation anud to nmicvobial degradation in a

dissolved state, Extensive methy{ substitution inhibits
initial oxidation, though the initial enzvmatic attack could
be on the alky{ substituent or alternatively, directly on

) g R

the ring [Atl{as 19381].

> N }‘ L )"/
//k\ //3 oH //\\\oﬁ

Fig, VII Pathway of aromntic fAydrocarbor oxidation by
Prokaryotes,
Singer, 1984
Metabolic pathways available for asphaltic components

are fleast well understood, No uniform degradative pathway

comparable to those of aliphatic or aronntic hyvdrocarbons
fave wvet energed, They are comnplex structures which are

difficult to analyse,

1.5  ENVIRONMENTAL PARAMETERS THAT AFFECT BIODEGRADATION

The degradative potentials of the widely distributed
fvdrocarbort utif{izing microorganisms depend 1o a farge
extent on envirommental factors, and these incfude pH
moisture, state of the pollutant, topography, tenperaturi?
mineral rnutrients, oxygen tension,diauxic effect, product

inhibition, etc,



1.5.1 TENMPERAT URE.

It has a profound inf[uenée or rate of all biochemical
processes, and so affect the rate of oil-biodegradation.
Biodegradation of hvdrocarbons occur over a wide range of
temperatures, and psychrophilic, nesophilic and thernpphilic
hydrocarbon—utilizing microorganism have been isolated. At
high temperatures, the fAvdrocarfon tends to be volatile or
present in {iquid state and could be degraded, but at {on
tenperatures they tend to solid form and cannot be easily or
efficiently utiflized, The degree of spreading is reduced at
fow temperatures [Atlas, 1981] and freezing interupts
biodegradation [Bossert and Bartfa, 1981). Hil{ (1984)

)
reported PHC biodegradation at below O C, Dib6le and
Bartha [1979] found that a riée in metabolic activity of
nicrobial commnities is comnor throughout the mnesophlic
range. In thermophilic situations, metabolic
rates tend to de high but growth vates and cells vield are
fow since energy is expended for vepair of thermal danoge to

cell constituents [Miulkins-Phiflips and Stenwart, 1974),

1.5.2 PHYSICAL STATLE OF THIE HYDROCARBON
At very {ow concentrations, sore of the compounds nay

be sofubfle in water, and at Aigh concentrations, they nn’

exceed solubility [imits, The degree of spreading

deterntines in part the surface area of the oil avaiflable for

nicrobial cofonization. Int soils, the pollutants are

absorbed by plant notters and soil particles thus (imiting



their spreading [Bossert and Bartha, 1984]. Availabiflity
of increased surface area accelerates biodegradation because
not only are  pollutants mude  available to the
microorganisms, but wnovenent of emulsion droplets mnnkes

oxygen and nutrients nore readily avaiflabfle.

1.5.3. MOT ST LIREL
Aerobic biodegradation of simple or cowplex organic

naterials in soil comunity is greatest at 50-70% soil wnter
holding capacity. Infiibition at fower values is due to
inadequate water activity and at higher values interfere
with soil aeration, However, Dibble and Bartha [1979]
observed that requirvenents for maxinum  activity ot
fivdrophobic compounds wmway be different from the optimnl
moisture fevels for the Obiodegradation of hydrophilic
substrates, This could be due to the fact that the
polyners, by rendering some surfaces Aydrophobic reduce
water holding capacity of the soif and this increase
availability of water that is present for @ use by
microorganisns [Bossert and Bartha, 19847,
1.5.4 pH

Extrenes of pH are inhibitory to a great majority of
nicrebial degradatiorr processes, Mist fungi are f[ess
adversely affected by [{ow pH values tharn bacteria, Dibb[%
arnd Bartha [1979] observed that (iming favoured biodegradation
of oifl, They aflse fournd out an optimnl activity of
biodegradation at pH 7.4 and a considerable inhibition at pH

8.5 for bacteria,



1.5.5 NI NERAIL. NUTRIENTS

The wnetritional inbalance Detween substrate carbon
supplied by petroleum and the nitrogen and phosphorous
requirements for microbial growth 1is a ({imitation of
hydrocarbon  biodegradation, This has Deen extensively
studied in the norimne environment, and as the nitrogen and
phsophorous reserves of nost soils are fow, a simifar
situation is expected to exist in the soil, Nutrients
availability is [imited by organic carborn, Top soils have
#ore organic carbon per unit volume but it is hAumified and
not readil{y available for nineralization, Stinulation of
oif biodegradation is achieved by addition of nitrogen and
phosphorous [Bossert and Bartha, 1984].

However, a conplete assimilation of petroleum carbon
into biomnss 1is not achieved under natural conditions,
because sote of the compounds are recalcitrant or are
netabolized  slowly over a fong period of tine, and for
conpounds that are readily metabolised, some carbons are
mineralised to CO . Therefore, efficiency of conversion of

2
oil carborr to cellular notervials is not 100% [Dibble arud

Bartha, 1979].

1.5.6 OX T GEN TENSION

Petrofleurn and 1its products are onfy netabolised
oxidatively, because they are conpletely reduced organic
substrates., Though, anaerobic oxidatiorn occurs with nitrate

and sulfate serving as electron sinks in [aboratory, this



type of biodegradation has a negligible effect on oif
pollutants in soils [Bartha and Atlas, 1977 and Bossert awd
Bartha, 19847, Therefore, fack of wnoleculor ocxygen is
considered to be an important [imiting paraneter of

petroleum biodegradation,

1,57 DIALIXTC EXFrreECr

A phenonenor of metabolic regulation first described by
Morod {1979) which determines the fate of petroleum products.
When art organism with a broad ramnge of substrates is offered
nore than one type of organic substrates, it may not attack
the substrates sinultancously, rather in a definite sequence.
Diauxic effect determines which of the petvoleum componernts
are degraded and in what order [Bartha and Bossert, 1984],
The presence of non-hydrocarbon substrates, or HoTe
utifizable {ow molecular weight cowpound mny  repress
inductive synthesis of enzvaes required for hAydrocarbon

utifization,

1.5.8, PROIHNET INHIBITION
The uwltinnte products of fivdrocarbon bicdegradation are

CO and H O, but Liodegradation of higher nolecular weight
2 2

“ <

compounds imvolves many internmediates, some of which wny
accumifate to inhibitory [fevels, For exanple, the
biodegradation of aromwntic Avdrocarbons yields phenolics and
bernnzoic acids internediates, However, the presence of
different microbial communities reduce, if not prevent the

accurwlation of netabolic intermediates to inhibitery [evels



[Cerninglia, 1984 and Sikkena and De Bont, 1993]. This is

because some intermediates serve as substrates to others.

1.53.9. WASTT., NMATERITALS

Generally, complex media containing suterials of naturafl
origin support better microbial growth compared to syvnthetic
med i, This wy e due to various factors, wnainly due to
presence of inorganic and orgaric nitrogenous substances.
It is interesting to see complex nutrient utilization
capability of crude oil biodegraders as wnitrogen source, and

also as carbon source with or without crude oifl.

1.6 JUSTIFICATION

There are volunes of [iterature on the biodegradation
of PHC in,deve[oped'countries with nost attention on aquatic
environnent . Atfas [1981] attributed this to oceans being
the largest and ultimate receivers of hydrocarbon
pofllutants, In Nigeria, there are few such studies ot oifl

biodegradation for treatment of oil spills in aquatic

environment [Obire 19907, Furthernore, such studies are
very scarce on soif{ ecosystem, and there are  very
considerable differences in  the environnental and

nutritional parameters as well as the microbial communities
of the two ecosystens, Also, the phyvsical befaviour of oifl
pollutants in the two habitats is quite distinct,

Therefore, this study is to isoflate and identify
microorganists associated with waste cifl contaminated soil

of mechanic workshop dumps, and to determine their ability

td
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to degrade PHC, Finally, the effect of some environnental
paraneters were investigated on the biodegradation activity

of the microbial isolates.



CHAPTER TWO

MATERITALS AND NMETHODS

2.1 COLLECTION OF SAVPLES

{a) Soil Samples

The soil sauples for this study uere collected around
Janvary/February, 1994  from three principal nechanic
worTksfhop dumps namely ~ Bosso, Keteren gwari, and Northern
bye-pass mechanic flay outs, afl in Mnna, Niger State,
Nigeria, The mechanics in these workshops reported that
gernerally they dump [ubricating oil (b{ack oil), gaso[ine,‘
diesel, After the removal of surface [itter, soifs were
collected at a depth betweert 15-20cm int sterile screw capped
bottles, These were traunsported to the [aboratory and

0
stored at -4 C,

(6) Crude oif, refinery effluent and Petroleum products

The crude oifl {lagonn (ight) used was obtained from the

chemical refining faboratory, Kadura  Refining and
Petrochendcal conpany, Nigeriarn  National Petroleum
Corporation, Kaduna, Though, the intended research was

centrally on crude oil, other PHCs were coflected for
comparative purposes, Refinery effluent was coflflected at a
discharge point where the effluent runs off povement freely.

Gasoline, Kerosine and Diesel were cofllected from fi{ling



Fig.xviii: Collection of soil sample at Bosso autowmechanic workshop

(]



stations, while engine oil was obtained froma [{ubricating
shop, all in Mmnna, Niger State, Nigeria, These were
colfected in sterifle bottles and stored at room temperature

for further use,

SN
ro

EXAMINATION OF SOIL SAMPLES

Properties of the soils were determined on the field

and in the {aboratory.

2,2.1 Soil exomination on the field

Tenperature:— Temperature of soil of each mechanic workshop
was deternined on the spot using soil — thernoneter,
Topography:~ The type of {ocality - plain, hilly or
nounttaineous, (ow or high land of each site was recorded.
Vegetation:— Wriether the sites had vegetation or not was
observed,

.2, Soifl examination in the [aboratory

pH: - A samnple of the soil was crushed using a pestle and
nortar, 2.0g9 of the crushed soil was added tc a test tube
and then filled wup with distilled water. It wes mixed
throughl{y and pH was taken using pH meter {Croon Mecro pH
200). This was done for 3 times and the average was tafern,
Misture:— The woisture was cafculated based on the nethod
described by Akinsanmi [1985]., Enpty petridish was weighed
anid sample of soil was placed on the dish and weighed, The soifl
(R)
in the dish was dried in the overn (FISHER ISOTHEM CVEN
0

MODEL. 175) at 105 C. sbighing was dore at intervals untif

o constant weight was obtained. The noisture was determined

o8]
Ut



thus:
foss in weight of Soif
Percentage of water content = ———s—emme—ee e 0 100
Weight of fresh soifl
Structure:— The structural characteristics of the soils

vere determined at  the Agricultural Sciernce departunent,

Niger State College of Educatiorn, Muwuna,

2.3 ISOLATION AND IDENTIFICATION

2.3.1 ISCLATION
10.0g of soil sanple from each of the sites was transfered
into 90mf of sterife distiflled water, and aseptically,

seriafl difution as described by Faw (e and Oso [1988] was

7
i

performed to obtain soil suspension up to 10 . 0.1 m{ of
4 -7 -5 -3 ~1

each dilution (10 , 10 10 and 10 )} was  introduced

onto dry agar nedium (For bacterial isoflation, NA and for

fungal isclation, PDA were used respectively), In either

case, sterilized glass spreader was used aseptically to

spread the suspension orn the surface of agar nedium ., These

) 0
were incubated at 37 C and room temperature (28 + 1 C} for

bacteria and fungi respectively, Distinct colonies were
picked and reinoculated inte agar nediwm to obtain pure
isolates, These pure 1isoflates were then Rept 1imn the

refrigerator for further use,

2,3,2 Identification

A nunber of microscopy/biochenical tests were done
for identification purpose
1., Fungi

a) Cellular and colonial nprphology

o
o3}



The isolated pure cultures were

visualized by aseptically renoving the cover
plates to see growth norphology. The plates
were placed under the microscope (x 10 objective)
and  viewed. Wet preparations were done using
factopfienol cotton blue as mountant and viewed
under the [ow-power objective and then using x 40

(high-power) objective,

{2) Bacteria (a) Celluflar and cofonial worphology: Simnple

staining was enployed.

b.

Spore staining:-—
The 1isolates were stained for the presence of spores

using Wirtz’'s method [ARinsami 1985]

Gram reaction

The bacteriafl isolates were gram stained following the

procedure as described by Fawole and Oso [1938]

Mitility test:-—

The wotility medium (Semi—-solid mnutrient agar) was

stabbed with a {oop of bacterial isoflates to a depth of

1-2c¢m short of the bottom of the tube, These were
o

incubated at 35 C for 48 hours, aud the [ine of

inoculation observed at the end of the period,

Line of inocufation was not sharply defirned, and the rest

of nedium was cfoudy for notile isolates. While growth

was restricted to the (ine of inoculation which becowme

sharply defined and the rest of medium rennined clear



for non—nmotile isofates,

e. Oxidase test:—

A piece of filter paper was vwetted with a few drops of
dilute (1%) solution of the oxidase reagent {tetvamethy{—p-
Phenylene diamine dihvdvochloride)., A bit of grouwth of
isofate obtained from nutrient agar plate was smeared on the
wet piece of paper. The development of an intense purple
colour by the bacterial cells in the smears within 30
seconds indicated a positive test and failure within sane
period was a negative test,

f. Cataflase test:—

A drop of 3% hydrogen peroxide was placed on a glass

sflide. A bit of growth of the isolates was removed from

the medium with a wire {oop, and the drop was touched
with the charged [aop, A positive test was indicated by
bubbling and frothing. Negative test did mnot show
bubbling or frothing.

g, Triple Sugar Iron (TS1) test:-—

Iking a sterile wire [oop, the surface of the TSI
agar slants was streaked and the butt stabbed 2 tines
with the bacterial isoflates., These were capped [oosely

o

and incubated at 37 C for 24 hours. Several reactions

were read after incubation.

Gas formntiorn was determined by the appearance of
Eubbles in the butt or fornmation of cracks or pushing

the butt from the bottom,

o
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minutes] -sepérately from the bulk nedium, bHut was added to
the bulk wmedium after cooling. In part B, the salts were
dissolved in concentrated HC{ (51.3mf/({), and wade up to 1
[itre with distilled water, pH was adjusted to 7.6 then
1.5% (w/v) agar was added and final(y autoclaved separately
and conbined with part A after sterifization,

About 18-20mf of the solid media was poured ornto
sterife plates, and dried at room temperture for several
hours before coating the agar surface with a mixture of
crude oil and carbon tetra chloride 1:1 (v/v). The plates
were used when there was no renmnins of CC{ vapour,

4
Initial concentrations of 0.1, 0.5, 1.0, 2.5, and 5% of
crude oil were used. Bacterial isolates on NA vere streaked
onto the "oil agar” aseptically using wire (oop. The plates
o

were incubated at 37 C for 6 weeks with glucose as controf.
Growth on the plates indicated oil degrading capabilities of
the bacterial isofates (table G). A set of plates without
crude oil also served as controls.
(6} For fungal isofates—

The mininof salt wedia had the following composition

(gram per (itre): KHPO - 1.0; NaNo -~ 3.0; MpS0. TH O -
2 4 3 4 2

0.5; FeSO .7TH O - 0.01. The medium was adjusted to pH 5.0

2
e

4
after 1.5%(w/v) oxoid No.3 agar had been added before
sterilization. The antibiotics ~— Penicif{fin G - 0.03;
Chloranphenicol - 0.05 in gramper (itre were added as
filter sterilized solutions to the autoclaved and cooled

bulk medium,



To test” biodegradability, the same procedure as
described above for bacteria was folfowed except that
incubation uwas at room temperature (28 % lOC).

Utifization of crude oifl by the isoflated bacteria was

not pronounced, Hhence the fungal isclates were selected for

further studies {table 6).

2.5 DETERMINATION OF OPTIMM INCUBATION PERIOCD ECR
WILISATION OF CRUDE QIL BY THE FUNGAL ISOLATES

The.  best five 1isolated fungal oif degraders
B101F,B102F,K602F, B10O2F,B1001F (tabfe 7) - -
were selected for this purpose. Each isolate was inoculated
into mininnl salt (iquid wedia (MSLM) [same as 2.4(H)
above]. The medium was stirred using mngnetic stirrer {B &
T ~ HOT PLATE Mg stirrer) to ensure uniform wmixture of oifl
throughout the medium before distribution into flasks for
inocculation, 50 nf{ medium was taken into 100 m{ Erflemeyer’s
flask and then inocuflated with the degraders. A control
without addition of crude o1l was wused for comparison
purpose, The | flasks were  then ircubated at room

)
tenperature (28 + 1 C), Ceflf wass was neasured at 7 days
interval up to 28 days to determine the optimum incubation
period. (From table 7, it was also showt that 0.5% is the
optimum concentration of crude oif for the Giodegraders,
therefore 0.5% crude oil was incorporated into the

sterilized MSLM), *

33



Fig.ix: Mixing of crude oil and MSIM with magnetic stirrer in rediness
for dispensing
33()



2.5.1. Measurement of cell nnss.

At défin{ie tine intervafl, the broth (growth and medium)
was taken and filtered through Wiatman No.1 filter paper.
The growth on the paper was washed twice thoroughly with
distilled . water and then transferred to pre  weighed

)
aluminivwm foil and dried at 90 C for 24 hours.

Weight of empty aluminium foif - X
Weight of aluminium + dry cell{ - ¥
Weight of dry cel( - (v - x)
y-x
In gram per [itre: - -~ x 1000

Quantity of nedium

2.6 COVMPARISON OF GROWTH OF FUNGAL ISOLATES ON CRUDE QIL

AND GLUCQSE

The five oil degraders were each inocculated into 50 nd
MIM incorporated with 0.5% crude oil in 100 wl flasks. The
medium was prepared as described in section 2.4(6). For
glucose, 0,5% glucose powder was incorporated into MLM
before sterilization, This was afso dispensed (50 wmf) into
100 wf flasks and inocufated with the five fungal isclates.
These were incubated at 28 + IOC for 21 days. At the end of
incubation period,the cefll nass was calculated as in section
2.5.1, Flasks having MIMwithout crude oif or glucose

served as control,

34



7 EFFECT OF pH AND TEMPERATURE ON QIL  DEGRADING
CAPABILITY OF TWO ISOLATES

The effect of pH and temperature on crude oil
biodegradation by two of the isofated fungi was assessed by
inoculating the isolates into 50 mf MILM with 0.5% crude oil
(prepared as in section 2.4 (6)) in 100 mf flasks with
different pHs and temnperatures.

For pH, media with pHs of 3.6, 5.0, 7.0 and 9.0 were
used and incubated at 28 i_lOC in order to determine the
optimum pH for utilization of crude oil by the organisms, The
media vere adjusted with HC{ and NaOH using pH meter {Croon
MicropH 2000). [Table 10)

From table 10 it was showt that the optinum pH for
crude oifl utilization is 5,0, So to determine the effect of
temmperature on oil degrading capabifity MIM nedia with 0.5%
crude oil of pH 5.0 were inoculated with the organisms ard

0 ) 0
incubated at 10 C, room tenperature (28 £ 1 C} and 37 C,

The cell mnnss of the organismws were calculated as in

section 2,5.1 after 21 days incubation,

2,8 EXFECT OF COMPLEX NUTRIENTS ON WTILIZATION OF CRUDE OIL

Complex nedia that contain materials of natural origin

were employed to ascertain their effect on hAydrocarbon

biodegradation. The muterials wused include beans husks,

rice, mnaize and corn brans. 20g each of the mmterials was

susperided in 200 of fiot water it 500 il
o

flasks, The suspensions were Rept at 90 C for 24 hours,



The hot extracts were filtered through  Whatman No.1 filter
paper, Tﬁe extract thus obtained were each concentrated to
100 mf, The solid content of rice, wmnize, corn and beans
were  determined to be 3,43; 4,12; 3.91 and 0,98%

respectively,

{a) Couplex nutrients as carbon source

To first set, the complex nutrients were incorporated
direct{y into the MSLM (prepared as in section 2.4(b)) prior
to sterilization 0.1% each of the nutrients was added to
MSLM with 0.5% crude oil. To the second set, 0.5% conplex
nutrients only was incorporated into the MIM (no crude
oil). To the [ast set, 0.5% crude oif onf{y was incorporated
into MILM, and glucose {0.5% in MLM served as controfl.
Al the flasks vwere incubated under same conditions. The

cell{ nnss was calculated as in section 2.5.1.

(6) Complex nutrients as Nitrogen source

To deternmine the effect of complex tutrients as N-source
three sets of media were prepared, One set had crude PHC
and MSLM witfiout Nitrogen compound (NaNO ). The second set

3
fad crude PHC and MIM without N-compound but complex
nutrients serving as N-source, The fast set had crude PHC

and MSLM with Nitrogen compound, The results were conpared

after incubation,

2.9 WIILIZATION CF OTHER PHC; BY SOME ISCLATES

For comparative purposes, the ability of the isolated

fungi to wutiflize refinery efffuent and some petroleum



conponents (Gasoline, Kerosine, Diesel and Engine oif) was

determined,

(a) For refinery effluent, 0.5% of the hydrocarbon was
incorporated into MIM (prepared as in section
2.4{b)., The wedium was dispensed into 100m{ flaks of
50 m{ each and inoculated with the fungal degraders,
Crude oif{ was used as controfl, The flasks were
incubated at 28 + IOC for 4 wveeks,

{6) For gasofine, Fkerosine, diesel and engine oil, 0.5%
each of the hydrocarbons were incorporated into MLM
(propared as in sectiorn 2.4(6}). 50mf of the medium
was dispensed into 100ml flasks and inocufated with
the fungal degraders., Al({ the flasks were incubated
at 28 + IOC for 4 weeks,

At the end of incubation period, the cell wnss of the

fungal degraders were cafculated as in section 2,5,1,

2,10 COWPARISON OF FRATE OF CELL GROWIH ON CRUDE OIL,
CRUDE OIL + COMPLEX NULRIENT, AND GLUWCOSE

The rate of increase in cell nuss of a fungal degrader
was mwonitored over a 28 day period in MSLM (preparved in
section 2.4(b) containing separately crude oil, crude oifl +
complex nutrient and glucose, The flask {abelled crude
oil was incorporated with 0.5% of crude oifl, The one
fabelled crude oi{ + complex nutrient was incorporated with
0.1% of naize extract before sterilization and 0.5% crude

oil was incorporated after sterilization, Whife the one
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labelled glucese was incorporated with 0.5% glucose before
sterilization, The mnedia vere each dispensed (50 mf) into
100 wf flasks, inoculated wiih the fungus and incubated at
28 + IOC. The isolate used was Mtierelfa sp.

At definite period the cell mass of the fungal degrader

was cafcuflated as in section 2.5.1. The neasurenent was for

28 days, and the results were compared,



CHAPTER THREFE
RESTUITS

.1 CHARACTERISTICS OF COLLECTED SOIL SAMPLES

The soils of three mechanic [ayouts examined both in
fie faboratory and on the field had the following
haracteristics [isted below.
abfe 3:

Characteristis of soil samples collected from three mnechanics fayouts.

ite Myisture PH Temperature Particle Size Vegetation  Structure Soif
o
(%) { C) { ment) Identified
[ittle tightly

. Bosso 14 4.8 31 0.003+2 vegetation  packed Clay-(oam
. Keteren

gwari 10 5.2 32 0.009+6 No vegetation packed Silt-{oam
. Northern

bye-pass 8 6.4 35 0.090+5 No vegetation foose Sanwd-{oam

.2 ISOLATION AND IDENTIFICATION

-

From the norphological observation and biochemicael tests, the folfowing organiswms

ere identified.

ble 4

Identification of bacteria isolated from three sites,



TESTS /CHARACTERS

. BACTERIA
v OX VW UR GL SU LA HS GA SH MO CA CI GL PP SP GR SR IDENTIFIED
01B -~ + &D +_—-: - - —_—_+ + —; - + - R +- + Bacillus sp
02B ND ND - - ND - - - - + ND ND + ND R - - Erwinia sp
o33 + ND - - -~ ~- - - ND + + + + ND R ~ ND Alkaligenes
048 + + - + + + - - ND + + ND + ND R - ND Aeromponas
o5B + + + 0+ - - - - - 4+ + 4+ + + R - ND DPsendononas
07B - - - +  + o+ - ~ ND + + ND + ND R - - Vibrio
08B ND - + + + + + - ND o+ - + + ND R - - Proteus
01B - + + + + + - - ND - + - - ND R - - Actinobacillu
001B + N - + - - - = = = + + = ND R = ND Acinetobacter
001B + ND - + ND ND - - - - + - 4+ + R ~ ND Flavobacterium
Y

~Isofate nunber, OX-oxidase, VP-Voges-proskauer, UR-lkease, GL~Glucose, Su—sucrose, LA-

wctose, HS— H S, GA-Gas,SH-starch hAydrolysis, M>-Mtility, CA-catalase, Cl-citrate, GL-
5

re

fatin f{iquefaction, PP-Pignent production, SP-Shape, GR~Gram, SE-Spore, ND-Not
termined, R-Rod + - positive, — - negative tests.
ot this table it has been shown that 100% of the isolated bacteira were rod shaped o

% was gram—ve while 10% was gram +ve,

. |



1ble 5

Identification of fungi isolated from sites,

SOLATE NO, MICROSCOPIC EXAMINATICON APPEARANCE ON PDA FINGI
IDENTIFIED
Spores Hvphae
[01IF Swooth and efliptical Septate branched  Serial hyphae in Peniciflium Sp
in shape conidiophores, broont{ike fashion
aggregate into Bfue—green in
clusters of colour
sterignata
12F Snooth and Septate branched Aerial hyphae in
globose in shape cortidiophore, broom-{ike fashion Peniciflliun Sp
aggregate into
clusters of Green in colour
sterigmta
501F Spherical and Non septate short Alternate rings of
Snooth Ayphal{ branches Pink and white, (ike Fusarium Sp
spokes in a wheel,
502F Too celled ascospores Aevial Ayphae with Cushion shaped and Trichodernn Sp
with thick stromu conidia clustered bright-green in
at the tip colour
LOO1F Rough, black in septate conidio—- Dirty bluish Aspergillus
colour and phore that form appearance wiich niger
spherical vesicle at apex. turned black.,
Arise from foot Rough
celfl,
.002F Thick walled Lack calunmella. Tellowish—white cottony Mbtierelfo Sp
chlamydospores Large short numfer appearance with fan-—
of aerial hyphae [ike zones.
surround zygosporos.
The total nunber of bacteria isolated was 54.16% and

ngi was 41.68%,

re predominant than that of fungi.

s unidentified species,
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3.3 UWIILIZATION OF CRUDE OIL BY THE ISOLATES

The cru&e ;i[ utifization capabilities of afl the
isolated organisms were tested at five different
cotcentrations of the oil in MM The result is shown
below.

Table 6 Utifization of Crude oil by the bacterial
isolates

ISOLATE CONCENTRATION OF CRUDE OIL (%)
0.1 0.5 1.0 2.5 5.0
B101B + - - - -
F102B - - - - -
B103B + - - - ~
B104B - - - - -
B105B + - - - -
B107B + - - - -
B108B + - - - -
K601B + - - - -
K602B + - - - -
B1001B + - - - -
Control - - - - -
KEY:
+ — Scanty growth; — — no growth,

Two of the bacterial isolates (B102B and B104) could
not utilize the crude oil, and the rest of the isolated
bacteria grew poorly on the crude oil at 0.1% concentration,
As a result of this inefficient utifization of crude oil by

the bacterial isofates no further study was performed with
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the bacteria.
Table 7

Ikifization of Crude oil by fungal isolates.

{SOLATE CONCENTRATION OF CRUDE OIL (%)
0.1 0.5 1.0 2.5 5.0
B101F ++ +++ + - -
Ki01F ++ +++ + + -
B102F ++ +++ + - -
K602F +++ +++ ++ + -
B10O1F ++ +H++ ++ + -
B100OZ2F +++ ++++ ++ + -~
B1002F +++ ++++ ++ + -
Control ~ - - - -

KEY:
++++ ~ abundant growth, +++ heavy growth, ++ -
Mderate growth + - scanty growth,— — 1o grouwth,
From the table above it is shown that all the isclated
fungi grew on crude oifl at 1.0% crude oil concemntrations

and that 0.5% is the optinum concentration of crude cifl for

the tisolates, Also, 0.1% crude oil concentration was
utilized nore than 1,0% crude oil. Three of the isolates

{B101F,B102F and B501F) did not grow on crude oil at 2.5%
concentration, while the rest showed scanty growth on  same
nedium. None of the isolates grew or crude oil at 5%
corcentration, The isofates BI1001F arnd BI1OO2F showed better
growth than the rest, These were followed £y B101F, KIO1F,

B102 and K602F, while B501F showed (east grouwth of all the
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Fig. x: Growth of a fungal isolate (B501F) on minimal salt agar medium coated
with crude ovil. 42 (0



isolates.

3.4 COMPARISON COF GROWTH BY THE FUNGAL ISOLATES ON CRLDE

OIL

Table &
Wilization of crude oif by fungal isolates at

different time of incubation,

ISOLATES GROWTH {g/()

7th day 14th dav 21st day 28th day
B10O1F 1.846 3,204 3.523 3.528
B102F 2,033 3.862 4.172 4.178
K602F 1.292 2,208 2.580 2.580
B100O1F 0.708 1.889 2.275 2.334
B100O2F 1.435 3.271 4,275 4,486
Control 0.194 ~0.200 0.194 0.198

The rate of increase in celfl mnss of five best
biodegraders is shown above at 7 days’ intervel for 28 davs
of incubation, From the table, the optimum incubation
period is 21 days, If B10OO2F had 100% cell growth, then
B10OLF had 54.33%, K602F had 60.58%, BlO2F had 95.39% and
B101F had 82,75%. The growth of the isolates was very slow
in the first 3-5 days, but the growtf reached the peak value
on 21st day of incubation, At 28th dav of incubation, the
cell growth was alnost same as at 21st day of incubation

(fig. «xi).
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3.5 COWARISON OF GROWIH OF FUNGAL ISOLATES ON CRUDE OIL

AND GLILOSE MEDIA
Five of the fungal oil degraders were cultivated in

MLM incorporated with Lagomn {ight crude oil in one set,

and the other set with glucose only, The cell growth (g/()
after - G
. v O .

incubation for 4 weeks at room temperature (28 + 1 C) is

shown befow)
Table 9
Comparison of growth of five fungal isolates on crude

oil and glucose.

ISOLATES GROWTH (a/()

CEUDE OIL GLUCOSE
BIO1F 3.429 2,575
B102F 3,918 2,945
K60ZF 2,780 2.400
B10O1F 2,681 3.176
B100ZF 4,256 3.510
Control 0.234 0.241

There is generally more growth on crude oil compared
to glucose after the period of incubation, The percentage
of cell growth on glucose ranged between 75 - 92% if those

of crude oil were taken as 100%. (Fig. xii)
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3.6 EFFECT OF pH AND TEMERATURE ON OIL DEGRADING

CAPABILITY OF TWO ISOLATES (Penicillium sp and

Fusarium sp.) {(B102F and B501F)

The effect of pH and temperature on the utilization of
crude oil was determined by measuring the cell growth at
the end of incubation period.

Table 10
Growth of twoe fungal oil degraders incubated at

different pHs and temperatures.

ISOLATES GROWTH (g/()
PH TEAPERAILRE(QQl *
3.0 5.0 7.0 9.0 10 28t1 37
B10ZF 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 shown from the table abo?e that the optinum
conditions of pH and temperature for the wutilization of
crude oil by the two fungal isoflates are 5.0 and 28 + lOC
respectively, (Fig.xii)

For pH, the tvwo isolates utiflized crude oifl at afl the
pH nedia tested, but growth was feast at 3.0, If growth at
5.0 is assuned to be 100%, then B102F had 64.66% at pH 7.0;
had 40.65% at pH 9.0 and 5.3% at pH 3.0, While B501F sp had
62,57% at pH 7.0; had 31.,28% at pH 9.0 and 3.93% at 3.0,

For temperature, none of the isolates grew at lOOC. If
growth at 28 iloC is taken to be 100%, B10O2F had 46.8% at 37°

C while B501F fad 37.64%

Generafl(y, B102F utifized crude oil more than B501F in
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all the conditions of the experiment {Fig xiii A and B).

3.7 EFFECT OF COMPLEX NUTRIENTS ON CRUDE OIL WIILIZATION

(A) The effect of complex nutrients (serving as carbon
source) on crude oil wutilization by two of the fungal
isofates (Penicill{ium sp and Mrtierella sp (B10IF and
B1002F] is shown below with glucose and crude c¢il as
controels.
Table 11

Effect of conplex nutrients {as C-source) on crude oil

utilization by two fungal oil degraders,

ISCLATES GROWTH({a /()

r P+BN BN G
B101F 3.470 2.905 0.558 1.266
B1002F 3.930 3.580 0.567 1.200

P PN MY G
B101F 2.9870 2.255 0.626 1.260
B1002F 3.290 2.690 0.630 1.231

P P+RN RN G

B101F 3.140 2,605 0.595 1.268
B1002F 3.315 2.804 0.610 1.214
Controfl 0.189 0.201 0.194 0.198

KEY: P-Petroleum, RN-Rice nutrient, BN-Beans nutrient, Mv—
AMiize nutrient, G-Glucose.
From table 11, it is showt that the Ist set containing
crude petroleum only had wroxinum growth, This is followed

by the set that contained crude petrofleum and complex
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nutrients, The set of glucose followed, while the set
containing complex nutrients as carbon source only had (east
growth of afl the sets (Fig xiv). In the set containing
glucose B1OIF grew nore than B1002F, but the reverse was the

case imn the other sets.

o
o
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(B) The effeect of complex nutrients (serving as Nitrogern
source) on crude oif utilization by two fungel isolates
(Penicillium sp (B101F) and Mrtierell{a sp (B1002F)] is

showt in the tabfe below with crude petroleum as control,

Table 12

Effect of complex nutrients {as N-source) on crude oif

utilization by two fungal isoflates with maize brans as N-

source,
ISCLATES GROWIH (g/(}
p P4MY p
B101F 2,982 3.045 2.970
B1002ZF 3.286 3.194 3.290
KEY: Pu— C:ude petroleum inn MSLM without nitrogen source
Compotnd

P+MN ~ Crude petroleum in MSLM with maize bran as
nitrogen source
P ~ Crude petroleum in MIM with N-source
compound

From the tafbfe, it is shown that B101F grew in all sets,
but nore in the medium with noize serving as N-source. For
B1002F, it grew afso in all sets and even more in the

redium without N-source.
Generally the fungal isofates did not recognise the

absence of N-source in the set up,



3.8 LEILIZAII@N'QE OIHER PHCs BY THE ISOLATED FUNGI

(A) The growth of four fungal oifl degraders on refinery
effluent and crude oil was compared after the period of
incubation.

Table 13

Growth of fungal isoflates on refinery effluent and

crude oil,
ISOLATES GROMIH (g/(])
CRUDE OIL REFINERY EFFLUENT

B10O1F 3.504 2.651
B100O1F 2,892 2.284

K602F 2.978 2.305
B1002F 3.901 2,895
Control 0.176 0.169

The fungal isoflates had between 74.21 - 79.67% growth
on refinery effluent if growth on crude oif{ were taken to be
100%. From the tabfe above, it is showr that growth of the
isolates is proportional omn crude oil and refinery effluent,
i,e. the 1isolate that fad waximum growth on crude oil afso
grew nost on refinery effluent and the one with [east growth
on crude oif{ afso had {east growth on refinery effluent

(Fig. xv}.
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B, Table 14

Growtfi of Penicilliwm sp (B101F) and A.niger (BLOOiF)
on Kerosine, gasoline, diesel and engine oil,
ISOLATES GROWTH(g/()

CRUDE OIL  KEROSINE GASOLINE  DIESEL ENGINE OIL

B101F 2.994 0.80 0.40 1.20 1.60

BI10OI1F 3.192 0.40 0.20 1.00 1.30

Controf 0.220 0.05 0.05 0.10 0.12
From the table, it can be seen that the PHCs were

utilized in the order Eungine oil > Diesel > Kerosine >
Gasofline by both the isolates involved (Fig xvi}. B101F had
nmore growth in all the petroleum conponents thar BIlOOIF,
Afso, the growth of the isoflates B10l1 and B1001F on the
petroleum components {table 14) were generally [ower than

their growth on crude oil,
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3.9 COMPARISON OF RATE OQF GROMWTH OF MORTIERELLA sp
(B1002F) ON CRICE OIL, CRUCE OIL + COVMPLEX NUIRIENT,
' AND GLUCOSE .

The rate  of growth of Mrtierella {B1002F) on
utifization of Crude oil, crude oil + complex mnutrient
(naize brans) and glucose was measured at intervals over a

28 day period. The resuflt is shouwn below,

Table 15
Rate of growth of B1002F on crude oil, crude oil +

mize nutrient and glucose.

MEDIA GROWTH OF MORTIERELIA SP (aq/()

3rd day 5th day 7th dav 14th dav 21st dav 28th dav
Crude oil 0,80 1.31 1.84 2.64 2,79 2.82
Crude oif +
nutrient 1.15 1.60 1,98 2,48 2,73 2,89
Glucose - 1.35 1.90 2.26 2,55 2.53 2,31

There was immediate on set of growth in the case of
glucose and complex nutrient + crude oil, but nore in the
case of glucose media {table 15), This gave a sharp rise
itt the growth curve with a shorter [(ag phase (fig =xvii).
Crude oil nedia has [onger [ag phase and the rise in growth
curve was not as sharp as those of glucose and crude oil +
nutrient., Growth on glucose reached the peak in betuween 7 -
14 days, and there after began to decline. Crude oil +
conmplex nutrient medium’s growth reached it peak at about
21st day, though there was slight increase before levelling
off. While crude oil reached the peak at 21st day also,

because the growth curve [evelled as from the 21st day,
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. CHAPTER FOULIR
DISCUISSION

It Nigeria, a wajor source of oil contamination it soif
is an autonechanic workshop which is fairly unnoticed, Since
there are no rufes and regulations concerning their
{ocations or establishnents these workshops are seen alnost
everywhere namely near farmfand, source of water e.g.
water reservoir, and also in the centre of the city where
city dwelfers are exposed to this pollution, As a
consequence of this, the direct and indirect carcinogenic
and nutagenic effects of PHC influence human and mnicrobial
populations as well as marine dwelflers, In this study, an
attenpt was wonde to determine the petrofleum degradation
capability of those microorganisms that are forcefully or
naturally adapted to the PHCs in soil,

The soil samples were collected at a depth between 15-
20cm because of the bactericidal effect of sunflight, and
inadequate mnoisture due to evaporation on the surface.
Also, if any, sone wmicroorganisms night be. feeding on some
surface [itters, those are not reaflly PHC biodegraders., The
fact that the percentage of species of bacteria (54.16%) in
oi{ contaminated soifl was fAigher than fungi (41.68%) is not
abrnormal (tables 4 and 5). Ordinarify, a free non—
contaminated soifl is expected to have higher population of
bacterial species than fungi as reported by Alexander
[1977]. Also, in this type of cil-contaminated soif, the

concentration of crude oil{ and other PHC products is not Righ.
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The inability of the bacterial isolates to degrade
crude PHC efficient[y {table 6) conforms to an earlier
study by Atfas [1981] and Bossert and Bartha [1984] that
furgi (table 7) are mpre predominant oil degraders in soifl
enviromment thamn bacteria, The presence of bacteria at
these sites could be that they are secondary degraders, and
feeding on the products of the activities of prinmary
degraders, which noy be the fungi.

Not Hoy studies are avaialble on  fungal oil
degradation which wmmkes this work very important since
current emphasis on integrated oil pol{lution abatement is
microbial seeding, or (land farming [Bossert and Bartha,
19847, In this study, the optimal concentration of Lagonn
{ight crude oil in MSLM for fungal degradtion was 0.5%. This
is in contfast to a report Dy Bossert and Bartha [1984] that
stinufation of microbial activity is enhanced up to 5% [evel
of hydrocarbon {though in soil environment), Above 0.5% of
crude oif in MSLM there was reduction in growtfh up to 2.5%
of crude oil, and there was no growth for all the isclates
at 5% crude PHC concentration {table 7}, The increase in
concentration of crude PHC f{ikely interfered with medium
aeration, hence degradation could not occur because it is an
oxidative process. Also at higher concentration the PHC
could be toxic to the wmicroorganisms, Below 0.5%
concentration of crude PHC, the reduction in cell growth
might FhAave beern attributed to the ampunt of substrate

available. The two species of Penicillium (B101F and



B102F) exﬁibited same amount of growth, but in case of
Aspergillus strains, BIOQIF exfiibited a superior abiflity in
degrading crude PHC than KI0IF (table 7).

The five best fungal oil degraders had different rates
of crude PHC utilization which vielded different cell{ mnss
after optinum incubation period, Out of the five
biodegraders, BIO02F had best PHC utilization of 100% and
B1001F had [east of 54.33%. Despite the differences in cell
mass, all the fungal isolates had same optimun period of
incubation of 21 days. The increase in cell nnss after
21st day of incubation was negfligibfe for all the isoflates
(fig xi). Their growth reached peak value on 21st day of
incubation,

When wutilization of crude PHC and glucose by the
isolated fungi was compared {fig xii}), it was found that
crude PHC yielded nore cell wnss tharn glucose at the end of
incubation period. This nny be that glucose being a readily
utilizable substrate was attacked and used up imweditely,
and after sometines the cells started [ysis resulting into
fower cell nass at end of incubation period of 21 days. For
PHC, wutilizatiorn was not instant because there was the need
for the isolates to adapt, fence it was mnot exhausted
inmediately and was available for cell growth til{ optinum
incubation period.

pH was found to HAave drastic effect on crude oifl
degradation. Dibble and Barthe [1979] have reported [ow

crude PHC degradation by bacteria in acidic soil, Hanbrick

(81}
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et al., and Amntai [1990] afsoc reported (ow crude PHC
degradation by bacterial isolates at acidic pH, Here, aflf
the soils were of cecidic region (table 3), 50 the
indigenous bacteria nay not be adapted to using crude PHC
as carbon and energy source in acidic soil as efficient{y as
fungi, This may be one of the reasons why the bacteria
could not use crude PHC at Aigher concentration efficiently
fifke fungi.

The fungal isolates wutifized crude PHC at afl pHs
tested with moxinum at pH 5.0, There was nore growth at pH
7.0 {neutral) compared to that obtained at pH 9.0 and pH 3.0
(fig xiii A) with 3.0 yielding [(east growth. This supports
ear{ier observations of Bossert and Bartha [1984] and Dibble
and Bartha [1979] that fungi degrade oil nost efficiently in
acidic nmedium, However, they can also degrade oil in non-—
acidic nedium (up to pH 9.0) but not efficiently. Fusarium
sp. (B501F) which utilized crude PHC poorfly {table 7) was
used in this test to see if change in pH could enhance 1its
oil degradation capabif{ity. Though, pH 5.0 had rerained the
optinum conditiorn, hence no effect on change of pH for
Fusarium sp.

Another paraneter tested and found to affect microbial
0i{ degradation 1is temperature (fig xii B}, At fow
temperatures (IOOC) fungal degradative capability was
arrested. Optitmum growth was obtained at room temperature
(28 + IOC) and Aigher above that oil degrading capebilities

o
reduced, e.g. at 37 C cell growth was [ow, This is in [ine

(S]]
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with acclamed work of Dibble and Bartha [1979] and Bossert
and Bartha [1984] that best condition of ‘temperature for
maxinum fungal activity is the mesophilic range.

Complex  nutrients (materials of natural origin)
generalfy contain precursors, vitamins, etc which can
pronote microbial growth when they are used with other
carbon and energy sources, In this study, rice bran, naize
brar, bean [usks vere used with crude PHC in MSLM. It has
beerr shown (table 15) that when crude oif with waste
materials used as carborn source,the growth of isclates were
alntost the same as of crude petrofleum used only as carbon
source, and glucose only. From tables 11 & 15 and fig xvii
it can be concluded that the growth pattern of the isolates
is alwost the same, except the difference in [ag phases,
When complex nutrients was used as nitrogen source replacing
NaNO {(table 12), it was found that the growth

3
was  alwost same in the tAree cases where there was no NaNO
3
where there was NaNO ; and where complex nutrient replaced
3
NaNO, Lack of mineral elements eg Nitrogen, sulphur,
phosphorous is said to be a {imitation in PHC biodegradation
[Atfas 1981, Bossert and Bartha, 1984 and Antai, 1990), but
crude PHC contains small amnount of nitrogen —, oxygen — ard
sulphur containing compounds [Gutrnick and Rosenberyg, 1977
and Bartha, 1986]. Therefore, a [arger anpunt of crude PHC
may be required to detect the [{imitation of nitrogen,
From fig xv, refinery effluent, a waste product of

petroleum refining yielded (ess growth of the  fungal

~
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isolates compared to crude PHC, This agrees with Bartha and

Bossert [1984] _that refinery efffuent contain chemical

conpounds which are toxic to microorganims, and therefore,
affected their growth, Or the amount of utilizable carbon
substrate was not as to support enough growth as crude PHC,
The petrofeum components — gasofline, kerosine, diesel
and engine oil gave [ess growth compared to crude PHC (fig
xvi). The extrene difference in cell mass might be due to
volatility of the components, They are [ighter compounds
and might have escaped in gaseous form into the atmosphere
thereby mRing them unavailable to the microorganisms. The
heavier ones had wore growth than the {ighter ornes, This
confirms the work of Bossert and Bartha [1984] and Singer

and Finnerty [1984]

W
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CHAPTER FIVE

STIVMARY AND CONCITISTON

For the  purpose of idenification the isolated
nzcroorganisms were coded in  the {aboratory, Fungal
isofates exhibited higher efficient wutif{ization of the
Lagonn  [ight crude oif than the bactevial isolates, though
the bacterial isofates were wore in nunber (54.16% and
41,68% respectively), The use of bacterial isolates for
further studies was discontinued in respect of their poor
utifization capabil{ities of the petroleum hydrocarbon (PHC).

The optinum concentration of the crude oifl in Mmnimal
Salt Medium {(MSM) for fungal grouwth was at 0.5%, while the
optinmum incubation period was 21 days. In terns of pH and
temperature, the fungal isolates required pH 5.0 and ZStloc
respectively for optimumn growth,

Complex nutrient introduced into the medium as carbon
source influenced crude oil biodegradatiorn, but when it was
used as nitrogem source there was tno any effect. The growth
pattern of the isofates on crude oil, crude oil plus complex
nutrient, and glucose in MSM was the same, except for [lag
phases which was different for each medium

ALl the isofated fungi that utilized crude oil also fad
the capabiflity of utilizing other PHCs — refinery effluent,

gasoline, Rerosine, diesel and engine oif,
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In  conclusion, the  following suggestiowns are
recomended:

-  Government  should  set aside special  sites for

auvtonechanics and efforts be mnnde to contain the waste oil

(used in these places); and arrangements be nade for the

proper disposal of these wastes.

- Studies should be undertaken to see the effect of these
pol{utants around the sites, eg Poultry, crops, aquatic
inhabitants and inverterbrates mnear automechanic workshops,

~  Fungi isolated from these workshops my be used  when
dealing with oil polfution on (and (soil)

- To arrest oil pollution biologically, a cheap and #ore
readily utilizable substrates mmy be introduced to
increase the cefl mass of oif wutilizing organisms

instant{y to in turn attack the PHC.

- A study be undertaken to improve genetically the oif
degrading capability of these oif utif{izing

NECTOOTJANLISHS .
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