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Abstract: Problem statement: Crude oil which may be broadly characterized asaffiaic or
naphthenic is a complex mixture of alkanes, cy&laaés and aromatic hydrocarbons. About 500,000
workers are employed in crude oil exploration anadpction worldwide. There have been reports of
occupational exposure during drilling, pumping arahsportation of crude oil, including maintenance
of equipment used for these processes. Thus, skioers have been reported in mice after repeated
application of the east Wilmington crude oil to ithekin. Approach: It may thus be necessary to
investigate the mutagenic potentials of crude odctions using a modified Ames test and
internationally acceptedllium cepa (Linn) assay. Théllium cepa assay was done to determine the
mean root length, mitotic index and chromosomalria@ens of the onions root grown in various
concentrations of 5, 10 and 15% crude oil, petrol, kerosene, engine oil and digéselater. The
modified Ames test which is a modification of thtarglard Ames test was done uskgcoli (0157:

H7) that has the phenotypic characteristics of agec and lactose fermentation, motile, urease
negative, indole positive and citrate negative. Shthe alteration in normal biochemical
characteristics was determined by inoculating #heertant strains produced by the organism after
incubating with the crude oil fractions into theesfjied media to re-determine their biochemical
characteristicsResults: The results obtained from th&llium cepa assay showed increasing root
growth inhibition with increased concentration awgcreasing mitotic index with increased
concentration. Stickiness, Vagrant, Bridges angrfrants, Bi-nuclei, C-mitosis, multi polar anaphase
and anaphase with laggards chromosomal aberratoa @bserved. The modified Ames test showed a
remarkable alteration in the biochemical charasties ofE. coli (0157: H7) by petrol and engine oil
indicating mutagenicityConclusion: The results of the Ames test showed petrol andnengil to
demonstrate mutagenicity in bacteria, while, #hkum cepa assay showed mitodepressive effects of
crude oil, petrol, engine oil, diesel and kerosene.
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INTRODUCTION Worldwide, about 500,000 workers are employed
in crude oil exploration and productigmternational
Crude oil has been described as a complex mixturégency for the Research on Cancer, 1989). Accidenta
of over 6000 potentially different hydrocarbons andrelease of crude oil into aquatic environment,lidgl
metals (Edwards, 1989). They may be broadlypumping and transportation of crude oil may all be
characterized as paraffinic or naphthenic that ainat potential source of human exposure.
alkanes, cycloalkanes and aromatic hydrocarbon In Nigeria, crude oil is predominantly found ireth
containing low percentages of sulfur, nitrogen, gty  riverine areas and over the years the local populat
compounds and trace quantities of many other elesmenhave used crude oil for various ailments such as
(International Agency for the Research on Canc@89).  gastrointestinal disorders, burns, foot rot, legets,
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poisoning and witchcraft (Orisakwet al., 1989). accordance with the procedure of the LAB M™
However, the crude oil fractions which include, (Topley Home, 52 Washlane Bury, Lancanshire,
Kerosene, Diesel oil, Petrol and Engine oil aredpods  BL96AU, UK).

that are found and been used by people all over the

country. Preparation of the rat microsomal liver enzyme

The long standing works of Leitch (1922; 1923;(S9): Two Sprague-Dawley rats weighing about 180 g
1924) and Twort and Ing (1928), have documented theach were obtained from the animal house of the
incidence of occupational tumors induced by variousCollege of Medicine of the University of Lagos. The
tars and oils in the Scottish oil shale industrgttan  rats were injected intra-peritoneally with 10 mgkgf
spinning and incidence from other industries hage a Phenobarbitone for three days to induce the liver
been shown by Scott (1922; 1923); Auld (1p2®d  microsomal enzymes as suggested by Maron and Ames
Henry (1947). (1984). After the third day, the animals were Sa®d

The more recent study of Clark (1988) have alsaand the liver was extracted aseptically and then
reported skin tumors developed in mice aftermacerated using a prior sterilized mortar and pe3ib
application of east Wilmington crude oil to thekirs every 1 g of the macerated liver, 5 mL of 1.65 MIKC
More so, an excess of lung cancer was seen inga lar solution was added. The resulting solution was
cohort of Japanese workers exposed to keroserseldie centrifuged (1200 revolutions miM and the
oil, crude petroleum and mineral oil. supernatant was filtered using a sterile membrites f

Thus, the research of (Ashbyt al., 1978; to obtain the rat microsomal enzyme.

Bryan et al., 1970; Miller, 1985; Reuber, 1978), have

demonstrated that most substances which have befthe S9 Mix: The S9 mix was freshly prepared using
found to be mutagenic also seem to be carcinogenithe method of Maron and Ames (1984). Thus, 20 mL
Furthermore, Amest al. (1973) have demonstrated of S9 mix contains 2 mL of rat liver enzyme, 10 wiL
that mutagens cause cancer by somatic mutation. 0.2 M phosphate buffer at pH of 7.4, 5.6 mL of

Contrary to the above findings and understandingdistilled water, 1 mL of 80 mM NADP sodium salt
the International agency for research on canc&®B®  hydrate, 1 mL of 120 mM Glucose-6-phosphate and
has reported a negative result obtained with Kem®se 0.4 mL of potassium and magnesium salts solutitie. T
and Diesel oil when investigated for their ability — mixture was stirred properly before 2 mL of theliatr
induce gene mutation usingalmonella typhimurium  enzyme (S9) was added.

TA 98 and TA 100.

This present study used both modified Ames testnoculation: The MacConkey agar plate was sub-
which is a bacteria mutation assay afdium cepa  cultured with one strain dE. coli [0157:H7] obtained
(Linn) model which is a plant mutation assay tofrom the Genetics Department of the Nigerian ot
investigate the mutagenic potentials of crude oilof Medical Research, Yaba-Lagos (NIMR) and

kerosene, petrol, diesel oil and engine oil. incubated at 37°C for 24 h to obtain discrete cigl®n
Thus, the discrete colonies of the organism wergute
MATERIALSAND METHODS cultured into new MacConkey plates and incubated at

37°C for 24 h to ensure the use of standard striaihe
Modified Ames test: This is a modification of the organism and not contaminants. This organism has
standard Ames assay as described by Amtesl. biochemical characteristics of fructose and glucose
(1975). fermenting, motile, urease negative, indole positwnd

citrate negative.
Crude oil fractions: Crude oil fractions (Kerosefie
Petrol', Diesef, Engine off) were obtained from Total Bacteria mutation assay: The assay was performed
Filing Station Isaga Road, Surulere-Lagos and Crudesing E. coli (0157: H7) which have been grown on
oil was obtained from ShelPetroleum Development MacConkey plates to obtain discrete colonies. The
Company (SPDC) Port Harcourt, Nigeria. experiment was performed in the presence and absenc

of metabolic activation of the rat liver enzyme.€eTh
Media preparation: The various media that were used fraction of the liver enzyme (S9) was used at a
for this assay are MacConkey agar, Kliger Iron Agarconcentration of 10% (v/v) in the S9 mix. The SXmi
(KIA), Motility Indole Urea (MIU), Simmon citrate, was freshly prepared for the experiment according t
Brain heart infusion agar, Nutrient agar and Bieart  the method of Maron and Ames (1984). Test agents an
infusion broth. The preparation of these media were positive control were tested with this strain ofamism
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for this experiment, Ethidium bromide which is a (1:3) by heating for 5 min at 50°C. There after the
known intercalating agent was used as the positivéerminal root tips (1-2 mm) were cut off and squesh
control. Fresh culture of tested strain obtaineaimfr on the slide and stained with Orcein solution fér 1
MacConkey plate was inoculated and grown in themin. The cover slip was then carefully lowered ba t
brain heart infusion broth. The brain heart infusio stained area to avoid air bubble and slides were
broth containing the organism was incubated for 10carefully dampened with the use of a filter paper t
12 h at 37°C in order to ensure adequateiamrat remove the excess stain. The cover slip was fixed
0.1 mL of the brain heart infusion broth that camia carefully to the slide with nail varnish.
the organism was mixed with 0.5 mL S9 mix and  The slides were examined under the microscope to
0.1 mL of the test sample. The mixture was incubbate determine the mitotic index and chromosomal
37°C for 72 h and later seeded into the brain hearaberrations. The Mitotic Index (MI) was determirtad
infusion agar plates, while the other portion with®9  counting all stages of mitotic cells out of 1000se
was also seeded on other brain heart infusion agar
plates. The plates were incubated at 37°C for ZBhk. Lo _ No. of dividing cells

- . . Mitotic index
revertant strains produced were inoculated into the Total number of cells analyzed
KIA, MIU and Citrate agar to re-examine the

organism’s biochemical characteristics. An altemiin The slides were examined from right to left; ud an

at least 3 biochemical characteristics out of the 7down and the first 100 Metaphase, Anaphase and
biochemical characteristics will be taken as thache Teleophase cells were scored for aberrations.

mark for mutagenicity. However, alteration in
biochemical ch_a_ractenstlcs less than 3 may ilaiss a RESULTS
weak mutagenicity or no mutagenicity.

. ) ) . Modified Ames test: Table 1 shows the results of
Allium cepa (Linn) assay: The Allium test provides @ o,de oil fractions to modified Ames test. The Hasu
rapid ~screening procedure for chemicals andgyealed the normal biochemical characteristics. abli
environmental agents which  may representgi57.47) to be Citrate and Urease negative, Indole
environmental hazards. Root growth inhibition andpositive, Glucose and fructose fermenting, Motite a
adverse effects on chromosomes provide an indicationqyced carbon dioxide gas. Ethidium bromide which
of likely toxicity. is the positive control showed an alteration in samh

Healthy equal sizes of common onions werépese normal biochemical characteristics of the
obtained from Bariga local market of Lagos, Nigeria qrganism. It produced revertant strain that showed

The dried outer scales were carefully removed Vi qitive results to Citrate and Urease, not able to
the ring of the root primodial intact (Fiskesjo,85).  forment fructose, not motile and produced hydrogen
Five onion bulbs were utilized for each concentrati sulphide gas. The Table 1 results further showed
of: 5, 10 and 15% Crude oil fractions. __Engine off, Petrof and Crude oil to alter the organism
Tap water of good quality was used for negativecharacteristics to urease positive. A positive ltetu

control. The base of each of the onion bulbs wa/Or - ciyate was also obtained with the revertant sirain
on each of the concentration of the environmental . ced by Engine &l and Petrdl. The results
agents inside a 30 mL beaker and placed away frofg,qqyced by the revertant strains of KeroSeaed

sunlight for 4 days after which the root length waspjeseR showed gas production and indole positive

measured. respectively. However, the organism produced
o o hydrogen sulphide gas with Engine Foil Petrof,

Root growth inhibition test: The toxicity assay was Kerosen8 and Crude oil. The results above also

performed as a 96 h semi-static exposure testfee t showed that DiesBlaltered the fructose fermentation

(3) concentrations of the test samples were useetyE  characteristics of the organism to be non fructose
24 h the test solutions were replaced by freshtisolsl  fermenting.

The test solutions were used at room temperatuteasn Figure 1 showed revertant strain producing
the termination of the exposure, the length ofribet  hydrogen sulphide in KIA, there was also revertant
bundles were measured and their mearSE were strain that altered the butt and did not change the
calculated normal orange color of the slant indicating lost of

ability to ferment fructose. There was color altiera
Microscopic analysis. The root tips at a length of from green to blue in Simmon citrate media after
10 mm were cut off and fixed in Acid: Alcohol salt  inoculating with revertant strain indicating a pbs
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result to citrate utilization. The MIU also showed Figure 2 showed the various aberrations observed
absence of red ring above the media upon the additi in the root cells of theAllium cepa. Most of the

of kovarsc reagent after inoculating with revertantaberrations were observed at the Anaphase stage of
strain indicating negative result to indole prodwet — mitotic division. Some of the chromosomes weredithk
There was also color alteration of MIU from yelldav  together instead of separating to the poles forming
pink after the inoculation of revertant strain sigv  bridges and fragments. There was also a lag obs$énve
the utilization of urease. the chromosomal migration to the poles (Fig. 3).

Allium cepa (Linn) model: The results on Table 2
showed the Cytotoxic and Root growth inhibitory
effects of various concentrations of Engine oiludy
oil and Kerosene oAllium cepa. The results on Engine %
oil and Crude oil revealed a concentration dependen|
decrease in mitotic index as the concentrationhef t
crude fractions increases. It also showed a sigmifi
(p<0.05) decreased in mean root length as the
concentration increases. Further more, the results
showed the occurrence of Stickness, Bridges anc
fragments, C-mitosis and Vagrant Chromosomal
aberrations. HoweveAllium cepa did not produce any
root growth in the various concentrations of the
Kerosene used.

The results on Table 3 showed the Cytotoxic and
Root growth inhibitory effects of various concetitvas
of Diesel and Petrol omllium cepa. The results on
petrol revealed a concentration dependent decri@ase
mitotic index as the concentration of the petrol
increases. It also showed a significant (p<0.05)
decreased in mean root length as the concentration
increases, except for the highest concentratiof§15
which produced no root growth in th&lium cepa.
Further more, the results showed the occurrence dfig. 1: Appearance of KIA, MIU and Simmon citrate

Stickness, Bridges and fragments, C-mitosis and after inoculating with revertant strains Bf coli
Vagrant Chromosomal aberrations.  However, 0157:H7. (a) Kliger Iron Agar (KIA) media; (b)
Allium cepa did not produce any root growth in the Simmon citrate media; (c) Motility Indole Urea
various concentrations of the Diesel used. (MIU) media

Table 1: Normal biochemical characteristicdofcoli (0157:H7) and the biochemical characteristicE.ofoli (0157:H7) after treatment with
crude oil fractions and ethidium bromide

Kliger Iron Agar (KIA) Motility Indole Urea (MIY
Strain/crude oil fractions Butt Slant | Gas Motility Indole Urease Simmons citrate
Characteristics of Escherichia coli [0157:H7]
0517:H7 GF LF - + + + - -
Characteristics of revertant strains of E. coli [0157:H7] after treatment with the crude oil fractionsand Ethidium bromide
Engine oif GF LF A + + + + +2
Diesef GF NLP - + + £ - -
Petrof GF LF 4 + + + + +2
Kerosen@ GF LF 4 - + + - -
Crude oif GF LF A + + + + -
Ethidium Bromide GF NLF + + 4 + + +2

Key: GF = Glucose fermenting, LF = Lactose fermentMgF = Non lactose fermenting + = Positive, -= Négaf: Citrate positive® Urease
positive, Indole negative’: Not motile,® Produced ga$, Produced hydrogen sulphide gasd\on lactose fermenting.
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Table 2: Effects of various concentrations of craildéractions on the cytology and root growthAsfium cepa

Crude oil fractions

Phenotypic indices Chromosome aberrations

No of dividing Mean root Multipolar Bridges and
Treatment conc. (%) cells Ml length + SE Stickiness anaphase fragments C-mitosis Vagrant
Engineoil
0 23 46 4.33+0.14 0 0 0 0 0
5 20 40 0.85+0.18 5 0 1 1 5
10 12 24 0.45+0.04 3 1 3 0 3
15 10 20 0.10+0.62 4 1 0 0 1
Crudeoil
0 23 46 4.33x0.14 0 0 0 0 0
5 23 46 0.90+0.78 12 1 0 4 6
10 14 28 0.16+0.03 4 0 0 0 4
15 NIL NIL NIL NIL NIL NIL NIL NIL
Kerosine
0 23 46 4.33x0.14 0 0 0 0 0
5 NIL NIL NIL NIL NIL NIL NIL NIL
10 NIL NIL NIL NIL NIL NIL NIL NIL
15 NIL NIL NIL NIL NIL NIL NIL NIL
Key: a: p<0.05 (compare with control)
Table 3: Effects of various concentrations of craddractions on the cytology and root growthAdfium cepa
Crude oil fractions

Phenotypic indices Chromosome aberrations

Treatment No. of Mean root Multipolar Bridgeslan
conc. (%) dividing cells Ml length + SE Stickiness anaphase fragments C-mitosis Vagrant
Diesd:
0 23 46 4.33+0.14 0 0 0 0 0
5 NIL NIL NIL NIL NIL NIL NIL NIL
10 NIL NIL NIL NIL NIL NIL NIL NIL
15 NIL NIL NIL NIL NIL NIL NIL NIL
Petrol:
0 23 46 4.33+0.14 0 0 0 0 0
5 15 30 0.40+0.21 3 0 2 0 3
10 8 16 0.20+0.08 4 0 1 0 2
15 NIL NIL NIL NIL NIL NIL NIL NIL
Key: a: p<0.05

Ny

Bi-nulei C-mitosis
‘ ‘ ‘
Anaphase with laggards . Bridges and fragments
Fig. 2: Aberrations at various stages of mitotigigion Treated Treated

U

in cells of Allium cepa treated with the mixture
of different crude oil fractions. Mag. x1000. Fig. 3: Photograph ofAllium cepa samples of both
Stain: Orcein treated and control groups
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DISCUSSION melanogaster and to contain high level of Polycyclic
aromatic hydrocarbon that gave it a significant
Escherichia coli 0157: H7 was obtained from the mutagenic test irGalmonella typhimurium TA98 and
Nigeria institute of Medical Research, Yaba-Lagdse  TA100. However, the other crude oil fractions,
organism was subjected to the method of identificat Keroseng, Diesef and Crude oil did not alter up to
of Enterobacteriaceae as described by Edwards artiree (3) biochemical characteristics of the normal
Ewing (1972); Cowan (1973). The organism was foundcharacteristics of the organism. Diesel altered the
not to utilize citrate as its only source of carteord a  ability of the organism to ferment lactose and sbow
green coloration of the Simmon’s citrate agar wasegative result to indole whereas kerosene made the
obtained. However, a bright blue color of Simmon’sorganism to produce hydrogen sulphide but not garbo
citrate agar indicates positive results to citraibe  dioxide gas. Crude oil on the other hand alteresl th
organism was also found not to produce Ureaseias it normal biochemical characteristics of the organésrd
unable to break down urea to ammonia and carbothus produced a strain of organism that was peasttiv
dioxide. Thus, a yellow color of Motility indole @  urease and produced hydrogen sulphide gas. These
agar indicates negative results while Red/purplealterations produced by Crude oil, Diéseand
indicates positive results. Furthermore, the organi Kerosen8 may suggest their non mutagenic or mild
was observed to break down amino acid tryptophamutagenic properties. These results may corroborate
with the release of indole. Thus, a red surfaceray some of the past studies that showed kerSseaae
upon the addition of Kovac’s reagent indicates fpasi  produced negative result to Ames assay using
result to indole. While a yellow coloration of the Salmonella typhimurium of TA98 and TA100
Motility indole urea indicates negative results to (International Agency for the Research on Cancer,
indole. The organism was also observed to have &989) and Diesélto have inadequate evidence to be
strand of movement in the motility indole urea agar classified as human carcinogen and thus clasdifidu
which showed the organism to be motile. Furthermorenon genotoxic (Bebarta and Wilt, 2004).
an upward shift of the Kliger iron agar from the The results obtained from th&lium cepa Linn
bottom of the tube was observed which reflectedassay showed DieSeland Keroserie to absolutely
carbon dioxide production. The  organism inhibit the growth ofAllium cepa at all concentration.
demonstrated the ability to ferment both glucosé an This could imply the pronounced toxicity of these
fructose with the alteration of the color of theiger ~ agents to the root growth @dlium cepa. More so, the
The studies of Tixier-Boichard (2002); KammengaShowed a concentration _dependent decreas_e in root
(2007); Deepaet al. (2008) and Sambandagt al. grovvth. As the concentration of the crude oil fiacs
(2008) have all adduced the fact that phenotypidncreases the root length Aflium cepa decreases. The

expression is always a function of genotype and théesults also showed mitotic index to decrease as th

environment. Therefore, any alteration in the above-oncentration increases which may suggest the

mentioned normal biochemical characteristics of th Mitodepressive effect of these crude oil fractionise

: be due to alterati f th i icroscopic examination also revealed chromosomal
organism may be due to aiteration of the gene ICdamages such as stickness, multipolar anaphase,
material (DNA).

. Bridges and fragment and vagrant aberrations. These
Based on the above statement of fact, this studyperrations may be due to the effect of the cruitle o

therefore set a bench mark for mutagenicity to ¢ a fractions on the mitotic spindles.

agent that altered at least 3 normal biochemical  prawing inferences from these two models, it may

characteristics of the organism. then be concluded that Engine oil and Petrol have
The results obtained from this present study thaknhown high level of mutagenicity however, crude oil

used Modified Ames test anAllium cepa (Linn) assay  ang its other fractions may be termed to have mild
to investigate the mutagenic potentials of Crude oi non mutagenic potentials.

Kerosen&, Petrof, Diesel and Engine ofl have

shown that Engine diland Petrd! altered not less CONCLUSION
than 3 biochemical characteristics of the normal
biochemical characteristics of thé&. coli thus It has been established from these findings that

suggesting them to have mutagenic ability. Thes&etrol and Engine oil demonstrated mutagenic
findings may be substantiated with the works ofcharacteristics. More so, all crude oil fractionsvé

Nylanderet al. (1978) and Magnussoet al. (2000)  demonstrated mitodepressive effects and disturlsance
that showed petrol to be mutagenic Drosophila  of mitotic cell division.
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However, thesen vitro results may initiate an Fiskesjo, G., 1985. Thdllium test as a standard in
extensivein vivo study so as to ascertain these findings.  environmental monitoring. Hereditas, 102: 99-112.
Thus, our research team is presently investigatiieg http://www.ncbi.nlm.nih.gov/pubmed/3988545

mutagenic potential of crude oil using a micronusle Henry, S.A., 1947. Occupational cutaneous cancer
assay.

Ames, B.N., J. McCann and E. Yamasaki,

Auld,

Bryan,
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