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EFFECTS OF WASTE ENGINE OIL ON THE MICROFLORA AND PHYSICO-
CHEMICAL QUALITY OF SOILSFROM TWO WEST AFRICAN COUNTRIES.
Abstract.
A study of the bioremediation of diverse levelssohulated contamination of waste engine
oil (WEO) in soil using natural attenuation, bioa&ntation, mycoremediation and
phytoremediation was carried out. This requiredeiminary study of the microbiological
and physico-chemical quality of waste engine oihtaminated soils from as it were, a
“naturally” contaminated site, as a check that tharacteristics of the “natural” and
simulated samples match. Thus, WEO contaminatddsaoiples were randomly collected
with controls and pooled together respectively fromerri, Imo State, in the Eastern part of
Nigeria and Kumasi in the Ashanti region of Ghaithe most occurring microorganism
isolated from all the samples Bacillus sp. The mean logarithm (mlog) of the total
heterotrophic bacterial counts (THBC), total hetenohic fungal counts (THFC),
hydrocarbon utilizing bacterial count (HUBC) anddhycarbon utilizing fungal counts
(HUFC) for the WEO contaminated samples from Kunzasi Owerri were 3.85+0.01 and
3.89+0.01; 3.79+0.07 and 3.98+0.01; 4.37+0.01 ad8#D.01 and 4.12+0.02 and 4.22+0.01
respectively. Some Physico-chemical parameters asigiH, total hydrocarbon, total organic
carbon, phosphate, nitrate and sulphate contehtgyadic aromatic hydrocarbon (PAH) and

heavy metals content of the respective samples araakyzed.

Keywords. Microflora, Physico-Chemical, Waste Engine Oil (WE®AH, Heavy Metal,
Contaminated Soils, Owerri, Kumasi.

I ntroduction.
Millions of gallons of waste engine oil are dispds@ trash, on land and into sewers.
Pollution with waste engine oil is in fact an endeproblem in most African countries. This
is because of its discharge into the environmetiiounit adequate treatment as a result of non
availability of waste engine oil recycling faciés. Furthermore, most open plots of land are
usually leased out by their owners to vehicle measaand other artisans who utilize them
as their workshops. These mechanics thus disposieesé substances in and around these
places. Some even dispose of WEO into run-off egsittwater drainages, etc, thus easing the
access of WEO into nearby agricultural lands andiater bodies. Soils being a component
of natural ecosystems are usually worst hit. Thesgstem is altered; agricultural activities
are affected as the soil receives water solubtdifnas of the WEO. Some are recycled but it

has the potential of contaminating soil, groundwated surface water. Soil contamination by
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petroleum hydrocarbons is one of the world’s mashmon environmental problems because

they belong to the groups of persistent organitaroimants®?,

Generally, the accumulation of contaminants inssgin have destructive effects on the
environment and human health; it can enter the fdwan and seriously affect animal and
human healt’. Thus, suitable solutions for management or dispokwaste engine oil and

indeed all other petroleum wastes must be found.

The aim of this preliminary study was to invest@#iie effects of waste engine oil on the
microflora and physicochemical quality of soil amtlich of the two sites, namely Owerri in
Nigeria and Kumasi in Ghana had the highest lezebatamination that could pose a matter
of public health concern.

Literature Review.
The availability of oil in any economy is usuallynaajor boost to its development but this
does not come without the attendant effects onrnttmediate environment from which it is
explored ¥, distributed and its waste products disposed. fBnmental pollution with
petroleum products has been recognized as oneeaftst serious current problefi§”!
Pollution phenomena results in inter-woven negatileumstances; it causes significant
changes in the zoosphere and phytosphere, as weth anicroorganisms, leading to the
disappearance of many species; decrease in diityeand support for plant and animal life
and consequently humans who benefit from thesepkamd animals (meat, hides, skin, etc)
suffer!®.,

According tO[H[El]], hydrocarbons are considered among the strongédspdalutants. Any
form of hydrocarbon spills on both land and in waten have devastating effects on the biota
of an environment because they contain poisonouspoands that constitute potential
danger to plants and animals. These poisons cantpesugh the food web of an area and
may eventually be eaten by humah$'*!2%¥ Contamination of soil with petroleum
derivatives like WEO is often more in municipallsét* because of the presence of diverse
kinds of automobiles and machinery which has redult an increase in the use of motor oils
and other lubricants. This could result in spilegehich can constitute nuisance to the
environment due to their persistent natdie'® Furthermore, it could make the soil

unsuitable for plant growth for a while or sevarainths or years”.
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Waste engine oil is a common environmental contartifi®, it can cause great damage to
sensitive environment$® and alter microbial populatiofi®. It may contain components
like Lead, Cadmium and other potentially toxic ntetd!. WEO on soil changes soil colour,
this may have untold health hazard on the techmé¢iartisans who mostly live in their
workshops because they cannot afford the cost ofl gwcommodation. This hardens the

soles of their feet most times which may alterrtiagility to move normally over tim@.

The fact that hydrocarbon contamination of soilofs particular environmental concern
because they exhibit carcinogenic and mutagenipepties ?? has increased scientific
interest in examining its distribution, fate andhaeior in the environmenf®21323.24]
Engine oils are altered during use by vehicles,ombikes, generators and other machinery
because of the breakdown of additives, contaminatith products of combustion and the
addition of metals from the wear and tear of thgima It is recognized that the major
components consist of aliphatic and aromatic hyahtmens such as phenol, naphthalene,
benzo(a)antracene, benzo(a)pyrene, fluoranthead, tmdmium and other potentially toxic
metals?®!. These heavy metals are dangerous because thibfotancumulate and are stored
faster than they are broken doWf; they cause nutrient imbalance; toxicity of sailsd
unfavorable plant growth (if an{}” due to reduction in the level of available plantrients

or a rise in toxic levels of certain elemehite-such adren-iron andZezinc.

N

Image 1. Magazine M echanic Village in Kumasi, Ghana Image 2. Orji Mechanic Village in Owerri, Imo
State
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Materials and Methods.
a) Sample collection
Waste Engine Oil (WEO) contaminated soil sampleth wieir respective controls were
collected randomly at a depth of 0 — 15cm from flmeations each in Kumasi, Ghana and
Owerri, Nigeria respectively, for investigation. é8e were pooled together and designated

HCS-K and HCS-O respectively and their controls @fii C-O respectively.

Sample One (HCS-K) was collected from Magazine Mechanic Village in Kumasi, Ghana

(Image 1, Fig. 1). Kumasi is the capital of the &st Region of Ghana, approximately 300
miles (480 km) north of the Equator and 100 milE80(km) north of the Gulf of Guinea. It is

the largest city in Ghana with a population sizeéved million and thirty five thousand and

sixty four (2,035,064,

Sample two (HCS-O) was collected from tBegji Mechanic Village inOwerri, Imo State,
Nigeria (Image 2, Fig. 2). Owerri is the capital lofio State, in the south-east region of
Nigeria. It consists of twenty seven (27) local gament areas and is approximately 5,530
square kilometres in area. It is bordered to thst leya the Otamiri River and the south by the
Nworie River with a population size of three millionine hundred and thirty four thousand,
eight hundred and ninety nine (3,934,889)

b) Microbiological analyses
The total heterotrophic bacterial and fungal co§itdBC and THFC) of the respective soil
samples were taken using pour plate technique windehydrocarbon utilizing bacterial and
fungal counts (HUBC and HUFC) were taken after uraltof the respective soil samples

usingvapeuwaporphase transfdi®.

For the characterization and identification of thecterial isolates, molecular assays were
carried out on the samples using nucleic acid asngplate. Following DNA extraction,
Polymerase Chain reaction (PCR) (TP 63) was emgley@amplify copies of the partial 16S
fragment of rDNA in vitro. Sequencing reactions (% were undertaken and identification

was done by comparing the sequence with thoseadlaiin EMBL via the EBI.

Characterization and identification of fungal idekwas done using ITS rDNA sequencing
analysis. Sequencing reactions were undertakenolmparing the sequence obtained with

those available in the European Molecular Biologgbdaratory (EMBL) through the
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European Bioinformatics Institute (EBI) and the emmational SubcemmissicBub
commissioron Trichoderma andHypocrea (ISTH).

c) Physico-chemical analyses
The respective soil samples were examined for sphysico-chemical parameters such as
pH (using distilled water method); total hydrocarboontent (using APHA colorimetry
method); total organic carbon (using refluxing noeth phosphate content (using colorimetry
method); nitrate content (using brucine method) anlpphate content (using turbidimetric
method).

d) Analyses of polycyclic aromatic hydrocar bons and heavy metals
Polycyclic aromatic hydrocarbon (PAH) content o¢ ttespective samples were carried out
using the cold extraction GC-FID method while theavy metals content was using the
AAS:APHA methods 3010-3118"%%3

e) Statistical Analysis
All data from this study were analyzed using thatiStical Package for the Social Sciences
(SPSS) (version 20) by analysis of variance onsankcompare the means of the different
results obtainggb.

Results and Discussion.

Identified microorganisms isolated from controlsdahydrocarbon contaminated soils
obtained from Kumasi and Owerri are presented ibl&a. The microorganisms that
occurred in the hydrocarbon contaminated soil sanfigim Kumasi areBacillus subtilis,
Rhizopus oryzae and Trichoderma spirale while its control soil hadBacillus cereus,
Aspergillus carbonarius, Cunninghamella and Rhizopus sp. The microorganisms that were
identified from the hydrocarbon contaminated soibni Owerri areBacillus subtilis,
Rhizopus oryzae, Rhizopus sp. and Trichoderma spirale; its control had Bacillus cereus,

Aspergillus carbonarius, Cunninghamella andRhizopus sp.

The bacteriaBacillus cereus occurred in all the control samples (CS-O and QStKese
organisms are predominant in sBff and are known to be facultative anaeroB&s The

1{34,36,#,3%

reports o k31 corroborates this result. These reports also sghatBacillus cereus

can be isolated from uncontaminated soils fromgeggraphical region of the world.

Bacillus subtilis was isolated from the WEO contaminated soil samfCS-K and HCS-

0). This suggests that the specsahtilis has affinity for hydrocarbon&?g"‘o'd"‘%mﬂ had in
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their respective studies corroborated this findiigcan further be inferred thdacillus

subtilisis a major isolate from soils contaminated with &mgd of hydrocarbon.

Three fungal species namehgpergillus carbonarius, Cunninghamella sp. andRhizopus sp.
were isolated from the two control samples (CS-@ &8%-K). These are fungi species
commonly found in uncontaminated soil. In theirpestive studieg‘d[ssﬂ andM[Esﬂ isolated
Aspergillus carbonarius from uncontaminated soil. Similar observation Afpergillus
carbonarius presence in uncontaminated soil was madg“%uy]]. Cunninghamella sp was
isolated from uncontaminated soil B§}. The isolation oRhizopus sp. from uncontaminated
soil has been presented in several reg8tfé*®4°! These reports corroborate the results of

this study.

In the contaminated soils (HCS-O and HC-K) threeghl speciesRhizopus sp, Rhizopus
oryzae and Trichoderma spirale were isolated Rhizopus oryzae and Trichoderma spirale
were isolated from the hydrocarbon contaminated fsom Kumasi while Rhizopus sp.,
Rhizopus oryzaeand Trichoderma spirale were isolated from the hydrocarbon contaminated
soil from Owerri. These are also fungi species oil, shough their presence in the
hydrocarbon contaminated soils would suggest thet tan utilize hydrocarbon as a source
of energy. It has been reported tRatzopus oryzae was isolated from an age long (10 years)
hydrocarbon contaminated soil in Ir&f. M[Es]] report thatRhizopus oryzae was one of the
fungal isolates in their study on the “distributioh hydrocarbon degrading fungi in soil in

Kukawa, Borno State, Nigeria”. These reports casrate the results of this study.

The mlog of the total heterotrophic and hydrocarbulizing bacterial and fungal counts are
shown in Table 2. The mlog of the THBC for the HR@&nd HCS-O samples were 3.85 +
0.01 and 3.79 % 0.01 respectively while their colsthad mlog of THBC of 3.89 + 0.01 and
3.69 £ 0.01 cful/g respectively. There was a sigaiit difference (p < 0.05) between the
mean THBC of all the samples. The mlog of the Tetederotrophic Fungal Counts (THFC)
was highest il€S-0 (4.24 + 0.02).

The mlog of the Hydrocarbon Utilizing Bacterial Gdsl (HUBC) for the HCS-K and HCS-O
samples were 4.37 8.05 and 4.35 ©.03 respectively while their controls had 4.06.65

and 3.98 +0.03 respectively. There was a significant diffee between mlog of the HUBC
of all the samples. The mlog of the Hydrocarbonititig Fungal Counts (HUFC) for the

7
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HCS-K and HCS-O samples were 4.12 + 0.02 and 4.220% respectively while their
controls had 4.24 = 0.01 and 4.34 + 0.02 respdgtithere was no significant difference
(P<0.05) betwer the HUFC of all the samples.

The total heterotrophic bacterial counts during sthstudy were in the order
HCSO>HSK>CSK>CSO (3.89, 3.85, 3.79, 3.69). Hydrboas in soil provide a source of
carbon for microbial growth and this explains thghler total heterotrophic bacterial counts
in the WEO contaminated soils compared to the obswils. These results corroborate the

reports 01{52‘5:%[59]].

The total heterotrophic fungal (THF) counts in tentrol soil from Owerri (CS-O) are
higher than those of the control soil from Kuma36¢K) and the counts in the controls are
also higher than in the respective contaminatedpksn(HCS-O and HCS-K)d?)d[EIO]]
observed that crude oil contaminated soil from ©zElow Station, recorded higher THF
counts in the control than in the contaminated. 8tibrking on “sludge contaminated soil of
petroleum refinery”,d54[5111] also observed higher total heterotrophic fungaint® in the
control samples than in the contaminated soils.s&heports agree with the results of this

study.

The hydrocarbon utilizing bacteria (HUB) countstlee hydrocarbon (WEO) contaminated
soil from Kumasi (HCS-K) was more than in the hydndon contaminated soil from Owerri
(HCS-0). This implies that the extent of contamipratat the points of sample collection at
Magazine is higher than that at the Orji Mechaniitage because isolation of high numbers
of hydrocarbon degrading bacteria from polluted immments is commonly taken as
evidence that these microorganisms are the actigofiora of that environment. This

finding corroborates the reports[BEHSﬁslz]].

The hydrocarbon utilizing fungal (HUF) counts wéiigher in the controls (CSO and CSK)
than in the contaminated samples. It has been tegpdinat hydrocarbon utilizing fungi are
ubiquitous and can be isolated from both contareghand uncontaminated sdi8 and that

all sites can harbor hydrocarbon degrading flilgiDue to the fact that these soils have not
been impacted with hydrocarbon contaminant, theimipers were higher. This finding

corroborates the report %#[513]].
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The physico-chemical parameters of hydrocarbon arpimated soil samples and their

controls are presented in Table 3.

The pH values of the respective samples rangeddegiw.18 + 0.57 and 5.40 = 0.29 with all

values having no significant difference at p.05.

The total hydrocarbon contents (THC) have the lawaties the two controls, with sample
CS-0 having the least THC followed by CS-K whicldlzavalue of 675.50 + 8.03. The THC
of HCS-O was 4305.25 + 0.86 while that of HCS-K 8&885.25 + 0.08.

The percentage total organic carbon (TOC) contehtke control samples CS-K and CS-O
were 6.11 +0.05 and 6.12 + 0.09 respectively, atbes do not differ significantly {9.05)
whereas samples HCS-K and HCS-O had TOC contengs08f £ 0.06 and 9.89 = 0.01
respectively, these values differ significantlyp&0.05.

The phosphate content of the control samples C&KGS-O were 9.65 + 0.08 and 9.925 +
0.01 respectively. Both values are not significaudiifferent at pr0.05. HCS-K and HCS-O
samples had phosphate contents of 127.7 + 0.5Da200 + 0.08 mg/kg respectively. They
differ significantly at p0.05.

The mean nitrate contents of samples CS-K and G&ef@ 0.27 + 0.02 and 0.29 + 0.01
mg/kg respectively. The values have no signifiahfierence at §0.05 while Samples HCS-
K and HCS-O had nitrate contents of 31.25 + 0.G2En 78 + 0.002 mg/kg respectively.

The mean sulphate content of the respective cant@s-K and CS-O were 41.65 + 0.01 and
41.40 % 0.02 while samples HCS-K and HCS-O hadraik contents of 157.675 + 0.05 and
281.500 = 0.04 respectively.

The pH of the contaminated and control soil samgldsnot have any significant difference
at p< 0.05. The reason that the pH of the samples atfeeiacidic range can be attributed to
the time of collection which was during the raiason. It has been recorded that soils tend
to be acidic during the rainy seasons due to thehieg effect on the exchange sites in cation
exchangé®. The contaminated samples were however slightleracidic than the controls,
this is as a result of the contamination. Theselt®sorroborate the respective reports of

[59,60\,6b[E14]]

The total hydrocarbon content (THC) of the contaated samples was more than in the
controls. This implies that there has been accutoms of hydrocarbons at the sites the

samples were collected. The result obtained frasdtudy corroborates that H[asﬂ.
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The total organic carbon (TOC) contents of the aomnbated samples are expectedly higher

than in the controls. This is as a result of thelrbgarbon in those samples which has

increased the bulk of carbon and organic mattahém. Similar findings of high TOC in

hydrocarbon contaminated soil h&s been reported b[§73'64'6i6k5517]].

The soil macronutrients Nitrate, Phosphate andt&uépin the contaminated samples were

higher than in the controls. Studies have shownhgdrocarbons in soil at low to moderate

levels can improve soil content of some nutrieetrents®® and can enhance soil fertility

671 The increased levels of these macronutrienteesrded from this study agree with the
reports O'|{6516$[E18]].

Table 1. Microorganismsisolated from hydrocarbon contaminated soils obtained from

Kumasi, Owerri and their controls.

Samples Micro-organismsisolated
Bacteria Fungi
HCS-K Bacillus subtilis Rhizopus oryzae
Trichoderma spirale
CS-K Bacillus cereus Aspergillus carbonarius
Rhizopus sp.
Cunninghamella sp.
HCS-O Bacillus subtilis Rhizopus oryzae
Rhizopus sp.
Trichoderma spirale
CSs-0 Bacillus cereus Aspergillus carbonarius

Rhizopus sp.

Cunninghamella sp.

HCS-K — Hydrocarbon contaminated soil from Kum&s$-K — Control soil from Kumasi; HCS-O —

Hydrocarbon contaminated soil from Owerri; CS-Oenttol soil from Owerri.
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Table 2. Mean logarithm of microbial countsin contaminated and control soil samples

Mean logarithm of microbial counts (cfu/g)
Sample type THBC THFC HUBC HUFC
CS-K 3.79 £ 0.01 3.91 +0.0f 4.06 £ 0.01 4.24 +0.01
HCS-K 3.85 £ 0.01 3.79 £ 0.07 4.37 £ 0.0f 4.12 £ 0.02
CS-0 3.69 + 0.0 4.24 £0.02 3.98 £ 0.03 4.34 £0.02
HCS-O 3.89 + 0.01 3.98 + 0.0% 4.35 + 0.0% 4.22 +0.0f

Means = SD (in same column) with different letterssuperscripts differ significantly (p <
0.05

The Polycyclic Aromatic Hydrocarbon (PAH) conteofsthe respective samples are shown
in Table 4.

The mean levels of naphthalene in the control sasp)pCS-K and CS-O were below
detectable limits (0.00 = 0.00) while sample HC$wd 5.40 + 0.07 and HCS-O had 5.40 +
0.33. The PAH contents for all the samples areifsogimtly different from the controls but do
not differ significantly from one another atq05.

Acenaphthalene in the CS-K and CS-O samples wé@ $0.00 each, HCS-K had 5.68 +
0.07 while HCS-O had 5.63 + 0.24.

The levels of Bromonaphthalgne; in samples CS-K and CS-O were both 0.00 % 0.00swhi
HCS-K and HCS-O had 5.43 £ 0.03 and 5.85 + 0.4paetbvely.

Samples CS-K and CS-O both had Acenaphitenkevels below detectable limits (0.00 +
0.00 mg/l) while samples HCS-K and HCS-O had 5.48198 and 5.45 + 0.02 respectively.

The levels of Fluoreneu in the samples CS-K and HCS-K were 5.90 + 0.026a88 + 0.04
respectively while CS-O and HCS-O had Fluorendevels of 5.81 + 0.03 and 6.57 + 0.01
respectively.

The|Anthracenes) levels in samples CS-K, HCS-K, CS-O and HCS-O v&e8y + 0.02,
9.43 +0.03, 5.79 £ 0.02 and 6.55 + 0.02 respelgtive

Phenanthrene level in samples CS-K, HCS-K, CS-OH@&-O were 6.02 £ 0.03, 5.55 £
0.01, 6.02 £ 0.04 and 8.38 £ 0.05 respectively.

Fluoranthene levels in control samples CS-K andd&ere both 0.00 = 0.00 whereas HCS-
K and HCS-O had 6.03 £ 0.02 and 5.68 + 0.01 respyt

11
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The mean levels of Pyreme; in samples CS-K and CS-O were both 0.00 + 0.00ewhi
samples HCS-K and HCS-O both had Pyrene level8# 5.0.03.

The mean levels of Bengsj-a-anthrace wass) 0.00 + 0.00 for samples CS-K and CS-O.
Samples HCS-K and HCS-O had Bemzpa-anthrace levels of 6.61 + 0.01 and 14.65 + 2.01
respectively.

The levels of Chrysene in all the control samplesen0.00 + 0.00 mg/l while samples HCS-
K and HCS-O had Chrysene level of 6.29 £ 0.03 emd2+ 0.02 mg/l respectively.

The levels oBenzdenzdb,jk)fluoranthengzs; in samples HCS-K and HCS-O were 8.38 +
0.05 and 16.15 + 0.02 mg/l respectively. The cdstr6S-K and CS-O both had 0.00 + 0.00
Benzdenzdb,j,k)fluoranthene levels.

The levels of Benzo(a)pyrene in samples CS-K andDGere 0.00 + 0.00, samples HCS-K
and HCS-O had 16.45 = 1.05 and 15.25 + 0.16 reispéct

The mean levels ofrdenandendl,2,3cd)pyrene in samples CS-K and CS-O were .00
0.00. Samples HCS-K and HCS-O had Indeno(1,2,3cdpegylevels at 6.55 + 0.08 and 26.95
+ 2.02 respectively.

The mean levels dbibenzalibenzda,h)anythracene in samples CS-K and CS-O were#.00
0.00 while samples HCS-K and HCS-O had 9.23 + arfid 15.23 + 0.05 respectively.

The mean levels dBerzdenzdg,h,i)perylene in the respective samples diffgngicantly
with the controls at p<0.05. Samples HCS-K and HC®ad Benzdenzdg,h,i)perylene
levels at 8.30 £ 0.01 and 10.28 + 0.02 respectively

The concentrations of these sixteen (16) EPA tdPgdis (EPA-16) assayed showed that in
the hydrocarbon contaminated samples (HCS-K and-Bf;$hey were detected in varying
concentrations (mg/kg). The control samples (CS# @S-O) had just three of them namely
Fluorene, Anthracene-anthraceneand Phenanthrenephenanthrenein small amounts.
Formation of PAH is a resultant effect of incomplebmbustion of organic matter through
the condensation of ethylenic radicals in the dassp to form larger polycyclic compounds
8 The PAH results from the study show that the eBHs (from pyrene down)
constituted the largest group of compounds withhhigncentrations in the contaminated
samples. These PAHSs fall within the category of BA¥ith the highest health risk especially
at prolonged exposure . Benzo(a)anthrace, Chrysene—chrysene and
Benzdenzdb,j,k)fluoranthene are implicated as carcinogensosding to US-EPAIY,
According tOw[Ezsa]], PAHSs are ubiquitous in both urban and rural emnnents; it is very

common to detect low levels in soils. The presehezefore ofFlueranthenftuoranthene

12
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| Anthraceneanthraceneand Phenanthreng@henanthrendn the controls corroborates that

report. The trend in values for PAHSs in the contzated samples corroborates the respective

reports of®:"!

The levels of heavy metals namely Iron (Relgnganesananganes€Mn), Nickel-nickel
(Ni), Zine-zinc (Zn), Leadlead (Pb) andShremigmchromium (Cr) in WEO contaminated
soil samples and their controls are shown in T&ble

Fe levels in the samples differ significantly witie controls at p<0.05. Samples CS-K and
CS-O had Fe levels of 63.43 + 0.25 and 63.18 + @eé&pectively, both values have no
significant difference at p<0.05 while samples HC&nd HCS-O had Fe levels of 93.75 +
0.02 and 55.37 £ 0.25 respectively.

The levels of Mn in samples CS-K and CS-O were £0505 and 1.04 + 0.01 respectively;
these values do not differ significantly but diffegnificantly from the rest of the samples at
p<0.05. Samples HCS-K and HCS-O had Mn levels 800t 0.03 and 0.77 = 0.01
respectively.

Ni levels in all the samples were below detectdibtéts but for sample HCS-K which had
0.11 £ 0.01 mg/l Ni level and differs significantlyith the level of Ni in the rest of the
samples at p<0.05.

The level of Zn in samples CS-K and CS-O were £@614 and 1.945 + 0.02 respectively.
These values do not differ significantly at p<0.8amples HCS-K and HCS-O had Zn levels
of 8.75 £ 0.04 and 5.100 * 0.02 respectively. Thedaes differ significantly at p<0.05.
Samples CS-K and CS-O both had Pb levels of 0.003%, these do not differ significantly
at p<0.05. Samples HCS-K and HCS-O had Pb level6.& + 0.01 and 1.55 = 0.01
respectively.

The levels of Cr was detectable in only sampleskKCHCS-K and CS-O which had 0.26 +
0.01, 0.29 £ 0.03 and 0.25 + 0.03 respectively viilaes differ significantly at p<0.05.

There was a significant build up of heavy metalshe contaminated samples (HC-K and
HC-0) compared to the controls (CS-K and CS-O).sehesults corroborates) the reports

of several researchdfd®+7273l
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381 Table3. Physicochemical parametersof WEO contaminated soil samples and their controls

pH THC TOC P N3* s
CSK 5.40 +0.29 675.50 + 8.03 6.11 + 0.05 9.65 + 0.08 0.27 +0.02 41.65 + 0.01
HCS-K  518+057 5835.25+0.08  9.09 +0.08 127.70 + 0.57 31.25+0.02 157.675 + 0.05
€SO 540+029 670.25+0.22  6.12 +0.09 9.25+ 0.0f 0.29 + 0.0f 41.40 +0.02
HCS-O 5501026 4305.25+0.86  9.89+0.04 97.200 + 0.08 15.78 + 0.002 281.500 + 0.04

Means = SD (in same column) with different lett@ersuperscripts differ significantly (p < 0.05)
« All values apart from pH are in mg/kg.
382
383 HCS-K — Hydrocarbon contaminated soil from Kuma38-K — Control soil from Kumasi; HCS-O — Hydrocanboontaminated soil from
384 Owerri; CS-O- Control soil from Owerri.
385
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386

387
388
389
390

391
392
393

Table 4. PAH content of WEO contaminated soil samples and their controls (mg/kg)

Samples

PAH CSK HCSK CSO HCSO

Naphthalene 0.00 +0.00 5.40 + 0.24 0.00 +0.00 5.40 +0.33
Acenaphthylene 0.00 + 0.06 5.68 + 0.07 0.00 £ 0.00 5.63 +0.02
Bromonaphthalene 0.00 £ 0.00 5.43 £ 0.03 0.00 + 0.0G 5.85+0.41
Acenaphthene 0.00 + 0.06 5.43+0.10 0.00 + 0.06 5.45 +0.02
Fluorene 5.90 +0.02 6.33 £ 0.04 5.81+0.03 6.57 £ 0.01
Anthracene 5.97 £0.02 9.43+0.08 5.79 +0.02 6.55 + 0.02
Phenanthrene 6.02 +0.08 5.55 +0.01 6.02 +0.04 8.38 £ 0.08
Fluoranthene 0.00 £ 0.06 6.03 +0.02 0.00 £ 0.00 5.68 + 0.01
Pyrene 0.00 £ 0.06 5.83+0.03 0.00 £ 0.00 5.83+0.03
Benzo(a)anthr ace 0.00 + 0.00 6.61+0.01 0.00 + 0.00 14.65+2.01
Chrysene 0.00 +0.00 6.29 +0.03 0.00 + 0.06 20.15 + 0.02
Benzo(b,j k)fluoranthene | 0.00 + 0.0 8.38 £ 0.08 0.00 + 0.00 16.15 + 0.02
Benzo(a) pyrene 0.00 £ 0.0G 16.45 + 1.05% 0.00 + 0.06 15.25+0.16
Indeno(1,2,3cd) pyrene 0.00 £ 0.0G 6.55 + 0.08 0.00 £ 0.0G 26.95 + 2.02
Dibenzo(a,h)anythracene | 0.00 + 0.00 9.23+0.0% 0.00 £ 0.0G 15.23 + 0.08
Benzo(g,h,i) perylene 0.00 £ 0.0G 8.30 £ 0.01 0.00 £ 0.0G 10.28 + 0.02

Means = SD (in sameow) with different letters in superscripts differ sificantly (p < 0.05)

Table 5. Levels of heavy metals in WEO contaminated soil samples and their controls

(mg/kg)
Heavy metals
Samples Fe Mn Ni Zn Pb Cr
CS-K | 63.43+0.25| 1.05+0.05 | 0.00+0.00| 1.96 + 0.14 | 0.77 +0.03| 0.26 + 0.0¥°
HCS-K | 93.75+0.02] 0.90+0.03 | 0.11 +0.0% [ 8.75+0.04 |6.81+0.01|0.29 +0.03
CS-O | 63.18+0.07 1.04 £0.0f | 0.00 £ 0.00| 1.945 +0.02 | 0.77 £0.08 | 0.25 + 0.03
HCS-O | 55.37+0.75 0.77 +0.01 | 0.00 £ 0.06 | 5.100 + 0.02 | 1.55 + 0.0 | 0.00 + 0.06

Means = SD (in same column) with different lettersuperscripts differ significantly (p < 0.05)
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Conclusion
Engine oils contain additives which are broken dalming the use by vehicles, motor bikes,
generators and other machinery, resulting in comanon with the product during combustion
and the addition of metals from the wear and téahe engine. It has been reported that the
major components consist of aliphatic and aronfadrocarbons such as phenol, naphthalene,
benz(a)antracene, benzo(a)pyrene, fluoranthenel, leadmium and other potentially toxic
metals'®!. These metals result in nutrient imbalance, toxicifythe soils and unfavourable
growth (if any) of plants in the ecosystem. Heawtais can bind to vital cellular components
such as structural proteins, enzymes and nucléits,aand interfere with their functioning".
Symptoms and effects can vary according to the Inmtametal-compound, and the dose
involved. So many hazanes; such as austistiez) spectrum disorder, depression, headaches,
skin problems, thyroid problems, cardiovascularedses, depletion of immune system and
cancer, digestive and hormone problems, autoimmiiseases, low libido, impotence and
prostrate problems are associated with humans leeipgsed to heavy metdls"® From my
findings, the effects of waste engine oil on thenwflora and physico-chemical quality of the
soils are deleterious, affecting the physico-chaimguality and microbial population of the
impacted soils. The concentrations of some PAH aomapts especially the high molecular
weight PAHs were more in the hydrocarbon contamethatample from Owerri and the heavy
metals (Iron, Manganese, Zinc, Lead, Nickel and oBfium) content were more in the
hydrocarbon contaminated sample from Kumasi. Tpese a risk to human life especially those
of the poor artisans who live in these mechanitagds and are more exposed to these
chemicals/elements. It is therefore recommendettteatment plants for waste engine oil be
constructed in these mechanic villages and that VeEOcarefully pooled/ treated so that their

negative effects on man and the environment woelthbs minimized or eliminated.
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